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Introduction
In [1], extensive simulation results have been presented for PUSCH/PUCCH simultaneous transmission for a certain set of PUSCH PUCCH power offset. Since the impact of PUSCH and PUCCH simultaneous transmission on UE RF requirements depends heavily on the power offset and PUSCH size and RB location, this document provides additional simulation results for typical cell edge PUSCH/PUCCH power offset.
Discussion

Worst case scenarios are analyzed in this document in the cases where UEs are located on the cell edge. LTE/LTE-A link budget has been specified in 36.912 for 90% cell edge coverage. Excerpts of the link budget tables in 36.912 are shown in Tables 1, 2, and 3. In the hotspot scenario, the link budget for data channel is based on 10 RB PUSCH and 1 RB PUCCH. The required power difference between PUSCH and PUCCH is 18 dB at the cell edge. In the urban micro/macro scenario, the link budget for data channel is based on 5 RB PUSCH and 1 RB PUCCH. The required power difference between PUSCH and PUCCH is 9 dB. 
Table 1 Link budget template for indoor test environment
	Item
	Uplink

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	180000

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	1800000

	(23a) Hardware link budget for control channel 
         = (9a) + (11) − (22a)   dB
	144

	(23b) Hardware link budget for data channel 
          = (9b) + (11) − (22b)  dB
	126


Table 2 Link budget template for urban micro test environment


	Item
	Uplink

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	180000

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	900000

	(23a) Hardware link budget for control channel 
         = (9a) + (11)  (22a)  dB
	157

	(23b) Hardware link budget for data channel 
          = (9b) + (11)  (22b) (dB)
	148


Table 3 Link budget template for urban macro test environment
	Item
	Uplink

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	180000

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
(See 3GPP note at bottom of the table (i) )
	900000

	(23a) Hardware link budget for control channel 
          = (9a) + (11)  (22a) dB
	157

	(23b) Hardware link budget for data channel 
         = (9b) + (11)  (22b) dB
	148


Simulation parameters are shown in Table 4.

Table 4  Scenarios used for analysis
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A mapping of simulation indices and deployment scenario/MPR is provided in Table 5
Table 5 Mapping of deployment scenario/MPR to simulation indices
	Scenario and power offset


	MPR
	PUSCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	#13
	#15
	#21

	
	3 dB
	#17
	#19
	

	
	6 dB
	
	#23
	

	Hotspot 

18 dB
	0 dB
	#14
	#16
	#22

	
	3 dB
	#18
	#20
	

	
	6 dB
	
	#24
	


Detailed simulation assumptions are provided in [1].
OOBE for PUSCH/PUCCH 
Figures 1 to 4 show the OOBE of a few joint PUSCH/PUCCH transmission scenarios. It is observed in Figures 1 and 2 that the most stringent emission mask NS_04 is violated when PA is at full power. Note that Rel-8 waveform also violates NS_04 at full power [1]. With 3 dB backoff, NS_04 is met in hotspot case, while the macro cell edge user OOBE barely touches the SEM at IM3.
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Figure 1  Scenario 14 (0 MPR, hotspot): PUSCH 3 RB @ 22.9 dBm and PUCCH @ 4.9 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 2  Scenario 18 (3dB MPR, hotspot): PUSCH 3 RB @ 19.9 dBm and PUCCH @ 1.9 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 3 Scenario 15 (0 dB MPR, Macro cell): PUSCH 6 RB @ 22.5 dBm and PUCCH @ 13.5 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
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Figure 4 Scenario 19 (3 dB MPR, Macro cell): PUSCH 6 RB @ 19.5 dBm and PUCCH @ 10.5 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.
Impact on coexistence 

Following tables summarize the inter-modulation orders required to reach coexistence power levels. Note that no duplexer/filter effect is considered in the following simulations.
Table 6 Number of inter-mod required to reach -41 dBm/300 kHz PHS
	
	
	PUSCH size

	
	MPR
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	7
	5
	5

	
	3 dB
	5
	5
	

	
	6 dB
	
	5
	

	Hotspot 

18 dB
	0 dB
	3
	3
	3

	
	3 dB
	3
	3
	

	
	6 dB
	
	3
	


Table 7 Number of inter-mod required to reach -57 dBm/6.25 kHz Public safety (B13)

	
	MPR
	PUSCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	7
	7
	5

	
	3 dB
	5
	5
	

	
	6 dB
	
	5
	

	Hotspot 

18 dB
	0 dB
	5
	3
	3

	
	3 dB
	3
	3
	

	
	6 dB
	
	3
	


Table 8 Number of inter-mod required to reach -50 dBm/MHz

	
	MPR
	PUCCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	9
	9
	7

	
	3 dB
	9
	7
	

	
	6 dB
	
	7
	

	Hotspot 

18 dB
	0 dB
	5
	5
	5

	
	3 dB
	5
	5
	

	
	6 dB
	
	5
	


Desense

Desense value is defined as the rise in the equivalent noise level in dB due to the TX interference.  Degradation ≥ 0.5 dB are marked in red.
Table 9 Band 20 noise level rise due to TX interference
	
	MPR
	PUSCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	5.8
	4.4
	1.1

	
	3 dB
	2.6
	1.7
	

	
	6 dB
	
	0.5
	

	Hotspot 

18 dB
	0 dB
	0.13
	0.11
	-

	
	3 dB
	-
	-
	

	
	6 dB
	
	-
	


Table 10 Bands 18 and 19 noise level rise due to TX interference

	
	MPR
	PUCCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	4.1
	3.8
	1.0

	
	3 dB
	1.4
	1.3
	

	
	6 dB
	
	0.4
	

	Hotspot 

18 dB
	0 dB
	0.15
	0.15
	-

	
	3 dB
	-
	-
	

	
	6 dB
	
	-
	


Table 11 Bands 11 and 21 noise level rise due to TX interference

	
	MPR
	PUCCH size

	
	
	3 RB
	6 RB
	12 RB

	Macro 

9 dB
	0 dB
	2.3
	1.6
	0.3

	
	3 dB
	0.7
	0.5
	

	
	6 dB
	
	0.14
	

	Hotspot 

18 dB
	0 dB
	0.07
	-
	-

	
	3 dB
	-
	-
	

	
	6 dB
	
	-
	


Conclusion
This document provides PUSCH/PUCCH simulations based on typical LTE cell edge transmit power, where the RF limitation is expected to be most severe. Simulation results include OOBE, coexistence and desense studies for bands 11, 18, 19, 20 and 21. 
Regarding SEM/spurious emissions, approximately 3 dB backoff is required to meet NS_04 for hotspot scenario. In the macro cell case, 3 dB back is required to meet NS_03.
Regarding desense, it was shown that 3 to 6 dB backoff is sufficient to minimize sensitivity degradation to < 0.5 dB for edge users in macro cells. On the other hand, no backoff is required in hotspot cells to meet the desense requirements.
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