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PS RECEIVER BANDWIDTH = 215 KHz (Ant Height "' 47 m) 

CASE1 CASE2 CASE3 CASE4 CASE5 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0000 

200 0.0038 0.0038 0.0038 0.0038 0.0000 

>1000 0.0002 0.0002 0.0002 0.0002 0.0000 

PS RECEIVER BANDWIDTH• 12.5 KHz (Ant Height "" 47 m) 

CASE1 CASE2 CASE3 CASE4 CASE5 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTS CXRS& UMTS CXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

!METERS) Id Bl !dB) ldBl (dBl !dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000 W 

Allowed Now YES YES YES NO NO 

40 0.0006 0.0006 0.0006 0.0006 0.0000 

200 0.0301 0.0301 0.0301 0.0301 0.0153 

>1000 0.0013 0.0013 0.0013 0.0013 0.0000 

PS RECEIVER BANDWIDTH • 215 KHz (Ant Height c 92 m) 

CASE1 CASE2 CASE 3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS&3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSMCXRS GSM CXRS LTECXR 

(METERS) (dBl (dB) (dB) (dB) (dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0000 

200 0.0038 0.0038 0.0038 0.0038 0.0000 

>1000 0.0006 0.0006 0.0006 0.0006 0.0000 
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PS RECEIVER BANDWIDTH= 12.5 KHz (Ant Height"' 92 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 AVEMHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSMCXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) ldB) ldB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0000 0.0000 0.0000 0.0000 0.0000 

200 0.0000 0.0000 0.0000 0.0000 0.0000 

>1000 0.0051 0.0051 0.0051 0.0051 0.0000 

TABLE 4. Rural Portable Intermodulation Impacts 

The results above show that for intermodulation interference at the three distances from the 
cellular base station site (40 meters, 200 meters, and 1000 meters) for all migration paths, the 
noise floor rise for L TE deployments with MIMO were below I dB and were significantly less 
than present technology deployments. The higher and consistently uniform interference level for 
those cases involving GSM are driven only by much hjgher PSD of the GSM carrier. Thus this 
worst case interference effect remains the same regardless of the number of GSM carriers that 
are present. In practice where interference cases have been identified, judicious shuffiing of the 
GSM carriers amongst various frequencies has allowed IM interference to be mitigated. 

Tables 1 through 4 show Case 4, which is represented by each sector deploying one UMTS 
carrier transmitting at 500 W, one 5 MHz LTE carrier transmitting at 1000 W and two GSM 
carriers transmitting 500 watts each, will not cause any additional interference from 
intermodulation (IM) into Public Safety receivers as compared to existing UMTS or GSM 
systems. 

2.2 Sideband Interference Impacts 

PS RECEIVER BANDWIDTH • 25 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER 5GSMCXRS GSMCXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dB> (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 
Allowed by FCC 

Rules Yes Yes Yes No No 

40 0.0271 0.0216 0.0216 0.0271 0.0271 

200 0.0207 0.0164 0.0164 0.0207 0.0207 

>1000 0.0024 0.0019 0.0019 0.0024 0.0031 
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PS RECEIVER BANDWIDTH= 12.5 KHz 

CASE 1 CASE2 CASE3 CASE4 CASE5 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTS CXR&2 1 TEN MHz 

RECEIVER SGSMCXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 
Allowed by FCC 

Rules Yes Yes Yes No No 

40 0.0271 0.0216 0.0216 0.0271 0.0271 

200 0.0207 O.o164 0.0164 0.0207 0.0207 

>1000 0.0024 0.0019 0.0019 0.0024 0.0031 

TABLE 5. Non-Rural Mobile Sideband Impacts 

PS RECEIVER BANDWIDTH • 25 KHz 

CASE1 CASE2 CASE3 CASE4 CASE5 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS&3 2 UMTS CXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 0.0136 0.0108 0.0108 0.0136 0.0136 

200 0.0104 0.0082 0.0082 0.0104 0.0104 

>1000 0.0012 0.0010 0.0010 0.0012 0.0015 

PS RECEIVER BANDWIDTH• 12.5 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTS CXRS& UMTS CXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W . 2000W 

Allowed Now YES YES YES NO NO 

40 0.0136 0.0108 0.0108 0.0136 0.0136 

200 0.0104 0.0082 0.0082 0.0104 0.0104 

>1000 0.0012 0.0010 0.0010 0.0012 0.0015 

TABLE 6. Non-Rural Portable Sideband Impacts 
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PS RECEIVER BANDWIDTH • 2S KHz (Ant Height= 47 m 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dBl (dB) {dB) (dB) (dB) 

Power/Sector SOOOW 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0036 0.0028 0.0028 0.0036 0.0036 

200 0.0131 0.0104 0.0104 0.01 31 0.0065 

>1000 0.0045 0.0036 0.0036 0.0045 0.0045 

PS RECEIVER BANDWIDTH • 12.S KHz {Ant Helaht • 47 m) 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS&3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER S GSMCXRS GSMCXRS 2GSMCXRS GSMCXRS LTECXR 

{METERS) {dB) {dB) {dB) (dB) (dBl 

Power/Sector 5000W 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0036 0.0216 0.0216 0.0036 0.0036 

200 0.0131 0.0104 0.0104 0.0131 0.0131 

>1000 0.0045 0.0036 0.0036 0.0045 0.0045 

PS RECEIVER BANDWIDTH = 25 KHz Ant Height = 92 m 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS& 3 2 UMTSCXRS & UMTSCXR& 2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) <dBi 

Power/Sector SOOOW 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0008 0.0007 0.0007 0.0008 0.0008 

>1000 0.0072 0.0057 0.0057 0.0072 0.0072 
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PS RECEIVER BANDWIDTH• 12.5 KHz !Ant Height., 92 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dB) Id Bl ldBl (dB) (dB) 

Power/Sector SOOOW 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0008 0.0007 0.0007 0.0008 0.0008 

>1000 0.0072 0.0057 0.0057 0.0072 0.0072 

TABLE 7. Rural Mobile Sideband Impacts 

PS RECEIVER BANDWIDTH • 2S KHz (Ant Height = 47 m 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 0.0018 0.0014 0.0014 0.0018 0.0018 

200 0.0065 0.0052 0.0052 0.0065 0.0033 

>1000 0.0023 0.0018 0.0018 0.0023 0.0023 

PS RECEIVER BANDWIDTH ,. 12.S KHz (Ant Height • 47 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTECXR.1 
PORTABLE 1 UMTS&3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

IMETERS) (dBl (dB) (dB) (dB) (dB) 

Power/Sector 5000W 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0 .0018 0.0014 0.0014 0.0018 0.0018 

200 0.0065 0.0052 0.0052 0.0065 0.0065 

>1000 0.0029 0.0018 0.0018 0.0029 0.0023 
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PS RECEIVER BANDWIDTH= 2S KHz Ant Helaht '"' 92 m 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS & UMTSCXR&2 1 TEN MHz 
RECEIVER SGSMCXRS GSMCXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) Cd Bl Cd Bl 

Power/Sector sooow 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0004 0.0003 0.0003 0.0004 0.0004 

>1000 0.0036 0.0029 0.0029 0.0036 0.0036 

PS RECEIVER BANDWIDTH = 12.S KHz CAnt Helaht • 92 ml 

CASE1 CASE 2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

!METERS> Id Bl l dBl Id Bl ldBl Id Bl 

Power/Sector sooow 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0004 0.0003 0.0003 0.0004 0.0004 

>1000 0.0036 0.0029 0.0029 0.0036 0.0036 

TABLE 8. Rural Portable Sideband Impacts 

Similarly, for Sideband emissions at the three distances from the cellular base station site ( 40 
meters, 200 meters, and 1000 meters) for all migration paths, all noise floor rises were below 1 
dB. The tables show a slight increase in interference from Sideband emissions between some 
scenarios deploying L TE with increased power and less cable loss (Case 4 and Case 5) than 
existing GSM and UMTS systems as represented by Case 1, 2 and 3. This rise in the 
interference floor is insignificant in practice and is stilt well under the 1 dB degradation in the 
noise floor of the Public Safety mobile receiver. 
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2.3 Overload Interference Impacts 

PS RECEIVER BANDWIDTH = 25 KHz 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 YES (-21.1) YES (-22) YES (-22) YES (-21.1) YES C-22) 

200 YES l-22.2) YES (-23.2) YES l-23.2) YES C-22.2) YES C-23.2) 

>1000 NO NO NO NO NO 

PS RECEIVER BANDWIDTH • 12.5 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS! Id Bl (dBl (dBl (dBl Id Bl 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 YESC-21.1) YESC-22.0l YES l-22l YESC-21.1) YES C-22l 

200 YES(-22.2) YES<-23.2l YES C-23.2l YESC-22.2l YES l-23.2l 

>1000 NO NO NO NO NO 

TABLE 9. Non-Rural Mobile Overload Impacts 

PS RECEIVER BANDWIDTH = 25 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2 GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 YESC-24.1) YESC-25) YES (-25) YES(-24.1) YESC-25) 

200 YESC-25.21 YESC-26.21 YES C-26.2) YESC-25.2) YESC-26.2) 

>1000 NO NO NO NO NO 
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PS RECEIVER BANDWIDTH • 12.S KHz 

CASE1 CASE 2 CASE 3 CASE 4 CASES 
1 FIVE MHz 

DISTANCE TO LTECXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR& 2 1 TEN MHz 
RECEIVER SGSM CXRS GSM CXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

PowerfSector 2SOOW 2000W 2000W 2SOOW 2000W 

Allowed Now YES YES YES NO NO 

40 YESC-24.11 YESC-251 YES l-25) YES(-24.1) YES(-25) 

200 YESC-25.21 YESl-26.2) YES (-26.2) YES(-25.2) YESC-26.2) 

>1000 NO NO NO NO NO 

TABLE 10. Non-Rural Portable Overload Impacts 

PS RECEIVER BANDWIDTH • 2S KHz {Ant Helaht • 47 m 

CASE1 CASE 2 CASE3 CASE 4 CASES 
1 FIVE MHz 

DISTANCE TO LTECXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TENMHz 

RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTE CXR 

IMETERSl Id Bl ldBl (dBi CdBl Id Bl 

PowertSector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 YESC-26.81 YESC-27.8\ YESl-27.8\ YES(-26.8\ NO 
200 YES(-21 .2) YESC-22.2) YES(-22.2) YES(-21.2) YESC-25.2) 

>1000 YES(-25.8) YES(-26.8) YES(-26.8) YES(-25.8) YES(-29.8) 

PS RECEIVER BANDWIDTH • 12.5 KHz (Ant Helaht • 47 ml 

CASE 1 CASE2 CASE 3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR & 2 1 TEN MHz 

RECEIVER 5 GSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) {dB) (dB) 

PowerlSector 5000 W 4000W 4000W 5000W 4000W 

Al lowed Now YES YES YES NO NO 

40 YESC-26.81 YESC-27.8) YESC-27.8\ YESC-26.8) NO 
200 YES(-21.2) YES(-22.2) YES(-22.2) YES(-21.2\ YESl-25.2) 

>1000 YES(-25.8) YES(-26.8) YES(-26.8) YES(-25.8) YES(-29.8) 

16 



Radio Access and Devices -Wireless Technology Strategies Date: Nov. 20, 2014 

PS RECEIVER BANDWIDTH• 25 KHz 'Ant Height• 92 m 

CASE 1 CASE2 CASE3 CASE4 CASE5 
1 FIVE MHz 

DISTANCE TO LTECXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dBl (dBl (dBl Id Bl tdBI 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 NO NO NO NO NO 
200 NO NO NO NO NO 

>1000 YES(-23.8) YES(-24.8) YES(-24.8) YES(-23.8) YES(-27.8) 

PS RECEIVER BANDWIDTH• 12.S KHz (Ant Height= 92 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER 5GSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dBi Id Bl (dBi tdBl Id Bl 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 NO NO NO NO NO 
200 NO NO NO NO NO 

>1000 YES(-26.8) YES(-27.8) YES(-27.8) YES(-26.8) NO 

TABLE 11 . Rural Mobile Overload Impacts 

PS RECEIVER BANDWIDTH• 25 KHz (Ant Helaht = 47 m 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) Id Bl (dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 YES(-29.8) NO NO YESl-29.81 NO 
200 YESl-24.21 YESl-25.21 YESl-25.21 YESl-24.2) YESl-28 .. 2) 

>1000 YESl-28.81 Yesl-29.81 Yesl-29.81 YESl-28.8) NO 
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PS RECEIVER BANDWIDTH= 12.S KHz (Ant Height• 47 ml 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1UMTS&3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSMCXRS GSMCXRS 2GSMCXRS GSM CXRS LTECXR 

CMETERSl (dB) (dB) (dB) (dB) (dB) 

PowertSector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 YESC-29.8) NO NO YESC-29.8) NO 
200 YESl-24.2) YESl-25.2) YESC-25.2) YESl-24.2) YES(-28.2) 

>1000 YESl-28.8) YESl-29.8) YES(-29.8) YES(-28.8) NO 

PS RECEIVER BANDWIDTH• 25 KHz 'Ant Helaht • 92 m 

CASE1 CASE2 CASE 3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSM CXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dBi (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 NO NO NO NO NO 
200 NO NO NO NO NO 

>1000 YESl-26.8) YesC-27.8) YesC-27.8) YESC-26.8) NO 

PS RECEIVER BANDWIDTH= 12.S KHz (Ant Height • 92 m) 

CASE1 CASE 2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTECXR, 1 
PORTABLE 1 UMTS&3 2 UMTSCXRS& UMTSCXR&2 1 TENMHz 
RECEIVER 5GSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

<METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 NO NO NO NO NO 
200 NO NO NO NO NO 

>1000 YES(-26.8) YES(-27.8) YES(-27.8) YES(-26.8) NO 

TABLE 12. Rural Portable Overload Impacts 

For overload interference, the tables show that such interference is possible close to the cellular 
base station sites, but L TE deployments did not increase the number of possibilities of such 
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interference above that of existing deployments. The small difference in the overload levels for 
the near site calculations can be attributed to the path loss differenc·e and the base station antenna 
discrimination. The tables also show that such cases of overload interference into Public Safety 
receivers could be reduced with the use of newer Public Safety receivers with overload limits 
around - 20 dBm (well within present design even at the current wider front end bandwidths) or 
the incorporation of front end filtering. 

2.4 The PSD Limit 
Reviewing the above tables lead to the conclusion that overload is the controlling interference 
mechanism. Based on this conclusion the highest PSD that can be implemented and still maintain 
the status quo in the interference environment can be detennined. A PSD of 250 watts/MHz for 
non-rural areas and 500 watts/MHz for rural areas was detennined to be the highest PSD limit 
that would not cause any additional interference into bands adjacent to the 850 MHz cellular 
band. 

3. Conclusions 

This study addressed the interferenc.e impacts on Public Safety receivers under five different 
cases that are representative of AT&T's past, present, and future network comprising .GSM, 
UMTS and L TE systems in various configurations in the cellular band in a Kentucky market. 
The study used the operating parameters of Public Safety portable and mobile units which were 
considered poor by present industry standards. The study results in Tables 1 through 12 suggest 
that the interference environment into Public Safety portable and mobile units from 2X2 MIMO 
L TE cellular deployments is not appreciably different than that from existing technologies in the 
cellular band. 

Results of this "real world" study support AT&T' s belief that a power limit based on a Power 
Spectral Density measure will not increase the possibility of harmful interference to adjacent 
bands and would maintain the "status quo" with respect to the potential impact on users of 
adjacent spectrum, such as the Public Safety Radio Service. The "real world" study results also 
supported a Power Spectral Density limit of 250 Watts/MHz in non-rural areas and 500 
Watts/MHz in rural areas. As a result of this study, AT&T will file a petition at the FCC 
proposing to supplement the current per-emission ERP limits for cellular base stations with ones 
restated as power spectral density limits. 
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The FCC Rules for the 850 MHz band were designed to accommodate first generation AMPS 
(Advanced Mobile Phone System) analog cellular service. Over the years, carriers deployed 
digital services in the 850 MHz bands, and eventually sunset analog services. Carriers currently 
use the 850 MHz band for technologies that support mobile broadband, such as UMTS. As the 
industry moves toward fourth generation LTE (Long Term Evolution) technology coupled with 
the use of MIMO (Multiple Input Multiple Output) techniques for spectral efficiency 
improvements, it is appropriate to consider whether the rules for this band relating to power 
measurement, which were adapted for technology deployed almost 30 years ago, should be 
revised to accommodate L TE. In band plans adopted more recently to accommodate mobile 
broadband deployment, the Commission has adopted a Power Spectral Density approach. This 
paper presents the results of a further study that considers whether making such a change to the 
850 MHz rules to accommodate contemporary commercial mobile broadband deployments 
would increase the likelihood of interference to adjacent users of Public Safety bands in a 
Tennessee market. 

The study addressed the interference impacts on Public Safety receivers under five different 
cases that are representative of AT&T' s past, present, and future network comprising GSM, 
UMTS and LTE systems in various configurations in the cellular band. Results of this "real 
world" study again leads AT&T to conclude that a power limit based on a Power Spectral 
Density measure will not increase the possibility of harmful interference to adjacent bands and 
would maintain the "status quo" with respect to the potential impact on users of adjacent 
spectrum, such as the Public Safety Radio Service. The "real world" study results also supported 
a Power Spectral Density limit of250 Watts/MHz in non-rural areas and 500 Watts/MHz in rural 
areas. As a result of this study, AT&T will file a petition at the FCC proposing to supplement 
the current per-emission ERP limits for cellular base stations with ones restated to include power 
spectral density limits. 
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1. Introduction 

The FCC Rules for the 850 MHz band were designed to accommodate first generation AMPS 
(Advanced Mobile Phone System) analog cellular service. Over the years, carriers deployed 
digital services in the 850 bands, and eventually sunset analog services. Carriers currently use the 
850 MHz band for technologies that support mobile broadband, such as UMTS (Universal 
Mobile Telecommunications System). As carriers migrate their wireless networks to fourth 
generation (4G) LTE (Long Tenn Evolution) technology and use MIMO (Multiple Input 
Multiple Output) techniques for spectral efficiency improvements, the FCC Rules governing the 
radiated power of transmitters in the Cellular Radiotelephone Service have come into question. 
MIMO uses multiple antennas or multiple antenna elements at both the transmitter and receiver 
to create multiple distinct spatial channels between the transmitter and the receiver using the 
same radio channel. AT&T plans to use 2x2 MTM:O in its 850 MHz L TE deployments. 2x2 
MIMO uses two transmitters operating on the same carrier channel but carrying two different 
information streams to create two separate spatial channels. Since two spatial channels are 
created using a single radio carrier, spectral efficiency is increased. The current FCC Rul.e 
governing radiated power in the Cellular Radiotelephone Service (Section 22.913) states - the 
effective radiated power of base transmitters and cellular repeaters must not exceed 500 watts. 
Since this power limit was enacted prior to the development and use of MIMO techniques, it was 
generally understood that a single transmitter used a single carrier frequency and the power 
requirement was related to this carrier frequency. A 2x2 MIMO deployment, which employs a 
single carrier channel on two transmitters, must split the maximum radiated power given in the 
FCC Rules between the two MIMO transmitters. This power split reduces the service coverage 
area of the transmitters operating in the MIMO mode compared to that of a single transmitter 
deployment. 

In 2004, recognizing the problem posed by the then current power limitation rules, CTIA offered 
a technologically neutral proposal to modify base station power limits for PCS licensees. 
Subsequently, the Commission expanded this proposal to include not only PCS, but also cellular 
radio service and other service bands. In 2008, following comments on the proposal, the FCC 
revised the radiated power rules for certain services, notably PCS and A WS, but declined to 
extend the revision to cellular radio service because the frequencies immediately adjacent to the 
850 MHz cellular band were undergoing significant restructuring and "until [it could] better 
assess the impact of additional power limit changes" on the possibility of harmful interference to 
adjacent bands. Since then, re-banding of services adjacent to the cellular band is almost 
complete and there has been adequate time to understand the interference concerns, if any, due to 
the adoption of Power Spectral Density (PSD) rules in PCS and A WS bands. Such a PSD limit 
would allow the use of MTMO techniques in the 850 MHz band without requiring a reduction in 
the service coverage area, and would be more consistent with FCC broadband power limit rules 
in other bands. A PSD limit specifies the a.mount of power that is distributed with frequency 
and, in the case of the cellular radiotelephone service, it is the amount of power distributed over 
a radio channel. If the maximum radiated power in a 5 MHz channel is 1500 watts, the PSD 
would be 300 watts/MHz (1500 watts/5 MHz). 

Believing that a PSD measure should now be adopted for the cellular bands, AT&T conducted a 
technology interference comparison analysis of its third generation (3G) UMTS and 4G LTE 
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technologies to show that a power limit based on a Power Spectral Density measure will not 
increase the possibility of harmful interference to adjacent bands and would also maintain the 
"status quo" with respect to the potential impact on users of adjacent spectrum, such as the 
Public Safety Radio Service. The results of the technology interference comparison supported 
AT&T' s belief. The study results also supported a Power Spectral Density limit greater than 100 
Watts/MHz. 

To further bolster AT&T's belief that a power limit based on a Power Spectral Density measure 
will not increase the possibility of harmful interference to adjacent bands, AT&T completed a 
second "real world" study which determined the interference impacts on users of adjacent 
spectrum as a result of its technology migration through the years - from second generation (2G) 
GSM (Global Systems for Mobile Communications) to 4G LTE with MlMO. AT&T's 
technology migration study commences with the deployment of 2G GSM ~echnology employing 
a tri-sectored frequency reuse pattern of N=l2 that typically allowed on average up to five GSM 
carriers per sector. With the migration to broadband 3G UMTS technology, some GSM carriers 
were replaced with a single UMTS carrier. A typical sector in an initial 3G network would 
include one UMTS and three GSM carriers. As broadband demand increased, the spectrum for a 
second UMTS carrier was again re-farmed from existing GSM carriers. A typical congested 
metro market deploys two UMTS carriers along with two GSM carriers per sector. As the data 
traffic demand increased, a migration to 4G LTE in the cellular bands will be necessary. LTE 
deployments will precede by replacing one of the UMTS carriers with a 5 MHz LTE carrier 
employing 2X2 MlMO. Initial deployments of LTE will include a 5 Mliz UMTS carrier, a 5 
MHz LTE carrier, and two GSM carriers in the cellular band. The final migration will be to 
replace the remaining UMTS and GSM carriers and to upgrade the 5 MHz L TE carrier to a I 0 
MHz LTE carrier. The LTE deployments will be with two transmitters per carrier/sector as 
compared to a single transmitter per carrier/sector with UMTS. This paper documents the final 
results of that study. 

1. Modeling the Interference Environment 

Modeling the interference environment consisted of the fo llowing five steps: 

1. Model the interference path 
2. Determine the transmitter and receiver characteristics 
3. Model the interference mechanisms 
4. Calculate the interference levels and determine their impacts 

I.I Modeling the Interference Path 

Since the interference network environment is that of a standard cellular architecture, two 
propagation loss models were used to calculate path loss. These two propagation loss models 
were the HA TA loss models and the modified Friis Transmission Loss model. The HAT A 
models are the most widely used radio frequency propagation models for predicting the behavior 
of cellular transmissions. Since the HA TA models are accurate for link distances between I and 
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20 kilometers, another model was needed for paths closer to the cell site. The Friis Transmission 
Loss model is ideal for paths between two isotropic antennas in free space (Line-of-Sight) and 
can be modified for paths other than free space (Non-Line-of-Sight). All loss models were 
incorporated into the Friis Transmission Equation which relates received power, transmit power, 
antenna gains and path loss in order to calculate interference levels. For line-of-sight paths a 
propagation constant of 2 was used and for non-line-of-sight paths, a propagation constant of 2.4 
was used. Cellular antenna heights for non-rural areas of Tennessee used the average antenna 
height in the Tennessee market - 30 meters. For rural areas of Tennessee where antenna heights 
are generally higher, antenna heights of 4 7 and 92 meters were used. The average antenna height 
for the Tennessee markets in this study was 59 meters. 

1.2 Determining the Transmitter and R eceiver Characteristics 

The transmitter and receiver characteristics were: 

• Maximum transmit power 
• Base station antenna gains and discrimination 
• Transmission line loss 
• Transmitter sideband emission levels 
• Public Safety receiver noise floor 
• Minimum mobile Adjacent Channel Rejection Ratio 
• Minimum portable Adjacent Channel Rejection Ratio 
• Public Safety mobile antenna gain: From an Internet site on Public Safety equipment 
• Public Safety portable antenna gain: From an Internet site on Public Safety equipment 
• Public Safety Receiver Overload level 
• Third Order Intercept Point calculation: From Motorola paper by Bruce Oberlies -

"Public Safety Interference Environment - Raising Receiver Performance Requirements" 
• Third Order Interference Level calculation: From Aeroflex Application Note on 

Intermodulation Distortion on the website www.aeroflex.com. 

1.3 Modeling the Interference Mechanism 

The three near/far interference mechanisms common in Public Safety interference environments 
were modeled in the following manner: 

1. Intermodulation - The receive interference level at the input to the Public Safety 
receiver's front end was calculated using the appropriate Friis Transmission Equation. 
The study assumed that the GSM channels were transmitting at 500 Watts, UMTS 
channels were transmitting at 500 Watts, and LTE at 500 Watts/transmitter-antenna for a 
5 MHz channel and 1000 Watts/transmitter-antenna for a 10 MHz channel. Since 
Effective Radiated Power level is the power level radiating from the base station's 
antenna, no transmission line loss or base station antenna gain was included in this 
calculation. It was assumed that these levels were the levels of the two interfering signals 
creating the intermodulation product. The third order intercept point was calculated using 
the formula in the Motorola paper and this value was used in the Aeroflex equation with 
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the interference levels calculated from the Friis Transmission Equation to obtain the level 
of the third order product in the receiver. 

2. Transmitter Sideband Emissions - The transmitter sideband emission level at the input to 
the Public Safety receiver's front end was calculated using the appropriate Friis 
Transmission Equation. The sideband transmit power level at the output of the transmitter 
used in this equation was the measured spurious emissions level given by the 
manufacturer. For this calculation in the Friis Transmission Equation, transmission line 
loss and base station antenna gain were included. 

3. Receiver Overload - The received interference level at the input to the Public Safety 
receiver's front end was calculated using the appropriate Friis Transmission Equation. 
The cellular base station transmit power level used in this equation was the maximum 
Effective Radiated Power level specified in the FCC Rules for Cellular services in the 
850 MHz cellular band for 20 and 30 technologies (OSM channels were transmitting at 
500 Watts, UMTS channels were transmitting at 500 Watts, and L TE at 500 
Watts/transmitter-antenna for a 5 MHz channel and 1000 Watts/transmitter-antenna for a 
10 MHz channel). Since Effective Radiated Power level is the power level radiating from 
the base station's antenna, no transmission line loss or base station antenna gain was 
included in this calculation. 

1.4 Interference Levels and Their Impacts 

An Excel spreadsheet was developed to make the above mentioned calculations and determine 
the impacts of the various interference mechanisms. For the intermodulation interference 
calculation and the transmitter sideband emission interference calculation, the criteria used to 
determine impact was a rise in the receiver's noise floor. For Receiver Overload interference 
calculations, the criteria used to determine impacts was that any interfering level that was less 
than the specified overload point of the receiver is an acceptable interfering level. For this study 
only the relative levels of the interference environments are compared. Only in situations where 
a technology's interference environment level is no worse than the existing technology's 
interference environment level can the interference level be deemed acceptable (Status Quo). 

The study addresses the interference impacts on Public Safety receivers under five different 
cases that are representative of AT&T's past, present, and future network comprising OSM, 
UMTS and LTE systems in various configurations in the cellular band. Case one represents an 
initial 20 OSM deployment of five GSM carriers. Case two addresses the migration to one 
UMTS carrier and three OSM carriers. Case three represents the migration to two UMTS 
carriers along with two OSM carriers per sector. Case four represents a migration to 40 LTE 
with a 5 MHz UMTS carrier, a 5 MHz L TE carrier with MIMO, and two GSM carriers. The 
final migration, Case five, will be to a single 10 MHz LTE carrier with MIMO. 

2. Study Results 

With a single OSM channel's transmit power level set to 500 Watts, a single UMTS channel set 
to 500 Watts, and a LTE channel set to 500 Watts/transmitter-antenna for a 5 MHz channel and 
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1000 Watts/transmitter-antenna for a 10 MHz channel, the results of the Excel spreadsheet 
calculations of interference into Public Safety receivers with bandwidths of 25 and 12.5 KHz 
from the five migration cases for non-rural and rural environments are shown in Tables I 
through 12. Bracketed numbers in the overload tables are received overload interference levels in 
dBm. 

2.1 Intermodulation Interference Impacts 

PS RECEIVER BANDWIDTH ., 2S KHz: 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz: L TE 

DISTANCE TO CXR, 1 UMTS 
MOBILE 1 UMTS & 3 2 UMTSCXRS& CXR&2GSM 1 TEN MHz: 

RECEIVER 5GSMCXRS GSMCXRS 2GSM CXRS CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 9.4362 9.4362 9.4362 9.4362 0.0173 

200 6.4700 6.4700 6.4700 6.4700 0.0076 

>1000 0.0482 0.0482 0.0482 0.0482 0.0000 

PS RECEIVER BANDWIDTH= 12.5 KHz: 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz: L TE 

DISTANCE TO CXR, 1 UMTS 
MOBILE 1 UMTS&3 2 UMTSCXRS& CXR& 2GSM 1 TEN MHz: 

RECEIVER SGSM CXRS GSM CXRS 2GSMCXRS CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 18.0114 18.0114 18.0114 18.0114 0.1363 

200 14.5468 14.5468 14.5468 14.5468 0.0607 

>1000 0.3717 0.3717 0.3717 0.3717 0.0002 

TABLE 1. Non-Rural Mobile Intermodulation Impacts 
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PS RECEIVER BANDWIDTH • 25 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz LTE 

DISTANCE TO CXR, 1 UMTS 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& CXR &2GSM 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSMCXRS CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 0.0043 0.0043 0.0043 0.0043 0.0000 

200 0.0019 0.0019 0.0019 0.0019 0.0000 

>1000 0.0482 0.0482 0.0482 0.0482 0.0000 

PS RECEIVER BANDWIDTH= 12.5 KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz L TE 

DISTANCE TO CXR, 1 UMTS 
PORTABLE 1 UMTS & 3 2 UMTS CXRS& CXR&2GSM 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2 GSMCXRS CXRS LTE CXR 

tMETERSl Id Bl (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 0.0339 0.0339 0.03.39 0.0339 0.0000 

200 0.0104 0.0104 0.0104 0.0104 0.0000 

>1000 0.0000 0.0000 0.0000 0.0000 0.0000 

TABLE 2. Non-Rural Portable Intermodulation Impacts 

PS RECEIVER BANDWIDTH = 25 KHz (Ant Height = 47 m) 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTSCXRS & UMTS CXR&2 1 TEN MHz 

RECEIVER 5GSMCXRS GSMCXRS 2 GSMCXRS GSM CXRS LTECXR 

!METERS I (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.5766 0.5766 0.5766 0.5766 0.0000 

200 8.9790 8.9790 8.9790 8.9790 0.0019 

>1000 1.0994 1.0994 1.0994 1.0994 0.0001 
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PS RECEIVER BANDWIDTH• 12.5 KHz (Ant Helaht = 47 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTECXR, 1 
MOBILE 1 UMTS&3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSMCXRS GSM CXRS 2GSMCXRS GSM CXRS LTECXR 

!METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 3.2957 3.2957 3.2957 3.2957 0.0003 

200 17.5004 17.5004 17.5004 17.5004 0.0076 

>1000 5.1913 5.1913 5.1913 5.1913 0.0006 

PS RECEIVER BANDWIDTH = 25 KHz (Ant Height= 92 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS &3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 5000W 4000W 4000W 5000W 4000W 

Allowed Now YES YES YES NO NO 

40 0.0000 0.0000 0.0000 0.0000 0.0000 

200 0.0076 0.0076 0.0076 0.0076 0.0000 

>1000 3.3683 3.3683 3.3683 3.3683 0.0003 

PS RECEIVER BANDWIDTH • 12.5 KHz (Ant Helaht = 92 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS&3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS I (dB) (dB) (dBi (dB) (dB) 

Power/Sector 5000W 4000W "4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0003 0.0003 0.0003 0.0003 0.0000 

200 0.0601 0.0601 0.0601 0.0601 0.0000 

>1000 10.1597 10.1597 10.1597 10.1597 0.0026 

TABLE 3. Rural Mobile Intermodulation Impacts 
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PS RECEIVER BANDWIDTH = 25 KHz (Ant Height= 47 m) 

CASE1 CASE2 CASE 3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTS CXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector SOOOW 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0000 

200 0.0038 0.0038 0.0038 0.0038 0.0000 

>1000 0.0002 0.0002 0.0002 0.0002 0.0000 

PS RECEIVER BANDWIDTH= 12.5 KHz (Ant Height= 47 m) 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS &3 2 UMTSCXRS& UMTS CXR& 2 1 TEN MHz 
RECEIVER 5 GSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dBl (dB) (dB) 

Power/Sector SOOOW 4000W 4000W SOOOW 4000W 

Allowed Now YES YES YES NO NO 

40 0.0006 0.0006 0.0006 0.0006 0.0000 

200 0.0301 0.0301 0.0301 0.0301 0.0153 

>1000 0.0013 0.0013 0.0013 0.0013 0.0000 

PS RECEIVER BANDWIDTH • 25 KHz (Ant Height= 92 m) 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTECXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS & UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow . 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0000 

200 0.0038 0.0038 0.0038 0 .0038 0.0000 

>1000 0.0006 0.0006 0.0006 0.0006 0.0000 
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PS RECEIVER BANDWIDTH• 12.5 KHz (Ant Helaht = 92 ml 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTS CXRS& UMTS CXR&2 1 TEN MHz 
RECEIVER 5GSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTE CXR 

IMETERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W 5000W · 4000W 

Allowed Now YES YES YES NO NO 

40 0.0000 0.0000 0.0000 0.0000 0.0000 

200 0.0000 0.0000 0.0000 0.0000 0.0000 

>1000 0.0051 0.0051 0.0051 0.0051 0.0000 

TABLE 4. Rural Portable Intermodulation Impacts 

The results above show that for intermodulation interference at the three distances from the 
cellular base station site (40 meters, 200 meters, and 1000 meters) for all migration paths, the 
noise floor rise for L TE deployments with MIMO were below l dB and were significantly less 
than present technology deployments. The higher and consistently uniform interference level for 
those cases involving GSM are driven only by much higher PSD of the GSM carrier. Thus this 
worst case interference effect remains the same regardless of the number of GSM carriers that 
are present. In practice where interference cases have been identified, judicious shuffling of the 
GSM carriers amongst various frequencies has allowed IM interference to be mitigated. 

Tables I through 4 show Case 4, which is represented by each sector deploying one UMTS 
carrier transmitting at 500 W, one 5 MHz L TE carrier transmitting at I 000 W and two GSM 
carriers transmitting 500 watts each, will not cause any additional interference from 
intermodulation (IM) into Public Safety receivers as compared to existing UMTS or GSM 
systems. 

2.2 Sideband Interference Impacts 

PS RECEIVER BANDWIDTH "' 25 KHz 

CASE1 CASE 2 CASE 3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTS CXRS& UMTS CXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSMCXRS GSM CXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 
Allowed by FCC 

Rules Yes Yes Yes No No 

40 0.0271 0.0216 0.0216 0.0271 0.0271 

200 0.0207 0.0164 0.0164 0.0207 0.0207 

>1000 0.0024 0.0019 0.0019 0.0024 0.0031 
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PS RECEIVER BANDWIDTH• 12.S KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSMCXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dBi Id Bl (dBl 

Power/Sector 2500W 2000W 2000W 2500W 2000W 
Allowed by FCC 

Rules Yes Yea Yes No No 

40 0.0271 0.0216 0.0216 0.0271 0.0271 

200 0.0207 0.0164 0.0164 0.0207 0.0207 

>1000 0.0024 0.0019 0.0019 0.0024 0.0031 

TABLE 5. Non-Rural Mobile Sideband Impacts 

PS RECEIVER BANDWIDTH a 2S KHz 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) !dB) (dBi Id Bl (dBl 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 0.0136 0.0108 0.0108 0.0136 0.0136 

200 0.0104 0.0082 0.0082 0.0104 0.0104 

>1000 0.0012 0.0010 0.0010 0.0012 0.0015 

PS RECEIVER BANDWIDTH= 12.5 KHz 

CASE 1 CASE2 CASE3 CASE4 . CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSMCXRS GSMCXRS 2GSMCXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector 2500W 2000W 2000W 2500W 2000W 

Allowed Now YES YES YES NO NO 

40 0.0136 0.0108 0.0108 0.0136 0.0136 

200 0.0104 0.0082 0.0082 0.0104 0.0104 

>1000 0.0012 0.0010 0.0010 0.0012 0.0015 

TABLE 6. Non-Rural Portable Sideband Impacts 
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PS RECEIVER BANDWIDTH • 2S KHz Ant Height • 47 m 

CASE1 CASE2 CASE3 CASE4 . CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTS CXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSMCXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

IMETERSl Id Bl Id Bl Id Bl (dB) (dB) 

Power/Sector sooow 4-000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0036 0.0028 0.0028 0.0036 0.0036 

200 0.0131 0.0104 0.0104 0.0131 0.0065 

>1000 0.0045 0.0036 0.0036 0.0045 0.0045 

PS RECEIVER BANDWIDTH • 12.5 KHz (Ant Height= 47 m) 

CASE1 CASE 2 CASE3 CASE4 CASES 
1 FIVEMHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2 UMTS CXRS& UMTS CXR&2 1 TEN MHz 

RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4-000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0036 0.0216 0.0216 0.0036 0.0036 

200 0.0131 0.01 04 0.0104 0.0131 0.0131 

>1000 0.0045 0.0036 0.0036 0.0045 0.0045 

PS RECEIVER BANDWIDTH :r 25 KHz (Ant Height c 92 m 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS &3 2 UMTSCXRS& UMTS CXR& 2 1 TEN MHz 

RECEIVER 5GSM CXRS GSM CXRS 2GSM CXRS GSM CXRS LTECXR 

(METERS) Id Bl (dBl (dBl (dB) (dB) 

Power/Sector 5000W 4000W 4-000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0008 0.0007 0.0007 0.0008 0.0008 

>1000 0.0072 0.0057 0.0057 0.0072 0.0072 
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PS RECEIVER BANDWIDTH• 12.5 KHz (Ant Helaht • 92 ml 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
MOBILE 1 UMTS & 3 2UMTSCXRS& UMTSCXR&2 1 TEN MHz 

RECEIVER SGSMCXRS GSM CXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dBi (dBi (dBi 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0001 0.0001 0.0001 0.0001 0.0001 

200 0.0008 0.0007 0.0007 0.0008 0.0008 

>1000 0.0072 0.0057 0.0057 0.0072 0.0072 

TABLE 7. Rural Mobile Sideband Impacts 

PS RECEIVER BANDWIDTH • 25 KHz Ant Height• 47 m 

CASE1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METE RSI (dBi (dBi (dBi (dBi (dBi 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0018 0.0014 0.0014 0.0018 0.0018 

200 0.0065 0.0052 0.0052 0.0065 0 .0033 

>1000 0.0023 0.0018 0.0018 0.0023 0.0023 

PS RECEIVER BANDWIDTH • 12.5 KHz !Ant Helaht = 47 ml 

CASE 1 CASE2 CASE3 CASE4 CASES 
1 FIVE MHz 

DISTANCE TO LTE CXR, 1 
PORTABLE 1 UMTS & 3 2 UMTSCXRS& UMTSCXR&2 1 TEN MHz 
RECEIVER SGSM CXRS GSMCXRS 2GSM CXRS GSMCXRS LTECXR 

(METERS) (dB) (dB) (dB) (dB) (dB) 

Power/Sector sooow 4000W 4000W sooow 4000W 

Allowed Now YES YES YES NO NO 

40 0.0018 0.0014 0.0014 0.0018 0.0018 

200 0.0065 0.0052 0.0052 0.0065 0.0065 

>1000 0.0029 0.0018 0.0018 0.0029 0.0023 
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