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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In the last RAN4#105 meeting, there were agreements for operating SNR, SLS assumptions and MPR simulation assumptions through active discussion for FR2-1 UL 256QAM. In this contribution, we would like to provide our view on SLS simulation results and our view on PTRS for FR2-1 UL 256QAM.
Discussion
2.1 SLS

In RAN4#104-e bis and 105 meeting, system level simulation assumption and operating SNR for FR2-1 UL256QAM were discussed, and the related agreements were made as below.
System level simulation for FR2-1 UL 256QAM was conducted based on R4-2219122 and R4-2220810. 

	[1] R4-2219122
Table 5.2.1.1-1 System level simulation assumptions
	Parameters
	Urban macro
	Indoor

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	50m x 120m, 12BSs

	Inter-site distance
	200m (baseline)
300m (optional)
	20m

	BS antenna height
	25 m
	3 m

	UE location
	Outdoor/indoor
	Outdoor and indoor
	Indoor

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	

	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-Uma in TR 36.873
	 1.5 m

	UE distribution (horizontal)
	Uniform

	Minimum BS – UE distance (2D)
	35 m
	0 m

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	

	Pathloss 
	Uma LOS and NLOS in table 5.2.2.1-1 of 38.803
	InH – Office LOS and NLOS in table 5.2.2.1-1 of 38.803

	Carrier frequency
	29GHz, 39GHz

	BS antenna configuration
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 8 dBi
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	UE antenna configuration
	First priority: 
PC1/PC2/PC5:
(Mg, Ng, M, N, P) = (1, 1, 4, 4, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi
Second priority: 
PC3:
 (Mg, Ng, M, N, P) = (1, 1, 2, 2, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	System bandwidth
	200MHz

	Target SNR at BS side
	FFS

	UE max output power
	PC1: 35 dBm/PC2: 23dBm/PC3: 23 dBm/PC5: 23 dBm 



[2] R4-2220810
Operating SNR for 29GHz and 39GHz:
· Consider operating SNR as 28 dB with MCS 20~23 for 29GHz averaged based on the submitted results from these two meetings.
· Consider operating SNR as 30 dB with limited MCS 20~22 for 39GHz averaged based on the submitted results from two meetings.
EVM requirements of UL 256QAM for 48GHz:
· UL 256QAM is unfeasible for 48GHz in Rel-18
· The capability for support of UL256QAM is defined as per band per band combinations
SLS:
· Agree on Option 1 and Option 3.
· Option 1: Add Min peak EIRP in the system level simulation assumptions.(ZTE)
	UE Min peak EIRP
	n257 PC1:40.0 dBm/PC2:29 dBm/PC3:22.4 dBm/PC5: 30dBm
n260 PC1:38.0 dBm/PC3:20.6 dBm
n259 PC2:25dBm, PC5:27.7dBm


· Option 3: Add power control in the system level simulation assumptions.(Nokia)
	· Power control
	Power control parameters set to achieve the target SNR at BS side.  


· UL 256 QAM for PC1 UEs of 29 GHz is feasible
· FFS for PC2/PC5




-29 GHz UL 256QAM SLS
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	Fig.1 CDF of SINR for PC2/PC5 in urban macro scenario at 29 GHz
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	Fig.2 CDF of SINR for PC2/PC5 in indoor scenario at 29 GHz



Fig.1 and Fig.2 show CDF of SINR for PC2/PC5 in urban macro scenario and indoor scenario at 29 GHz respectively.  
Based on the SLS results, UL 256QAM at 29 GHz is feasible for both PC2 and PC5.

Observation 1: From the 29 GHz 256QAM SLS results, PC2 and PC5 can achieve SINR of 28dB in both urban macro scenario and indoor scenario.

Proposal 1: UL 256QAM at 29GHz is feasible for both PC2 and PC5 UEs.

-39 GHz UL 256QAM SLS
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	Fig.3 CDF of SINR for PC1/PC2/PC5 in urban macro scenario at 39 GHz
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	Fig.4 CDF of SINR for PC1/PC2/PC5 in indoor scenario at 39 GHz




Fig.3 and Fig. 4 show CDF of SINR for PC1/PC2/PC5 in urban macro scenario and indoor scenario at 39 GHz respectively. 
Based on the SLS results, UL 256QAM at 39GHz is feasible for PC1, PC2, and PC5 UEs.

Observation 2: From the 39 GHz 256QAM SLS results, PC1, PC2 and PC5 can achieve SINR of 30dB in both urban macro scenario and indoor scenario.

Proposal 2: UL 256QAM at 39GHz is feasible for PC1, PC2, and PC5 UEs.

2.2 Consideration for PTRS configuration

Communication performance deterioration due to phase noise is larger in FR2 than in FR1, and especially in high-order modulation (ex.256QAM). In general, phase noise can be divided into CPE (Common Phase Error) and ICI (Inter Carrier Interference). The effect on CPE can be compensated by PTRS (Phase Tracking Reference Signal), and PTRS configuration can be determined by time density (LPT-RS) and frequency density (KPT-RS) of PTRS. The CPE can be better compensated in high PTRS configuration density, but data efficiency can be decreased since resources are allocated to PTRS. Therefore, communication efficiency can be improved by optimizing the PTRS configuration.
In last meeting, there were two options for PTRS configuration and these are showed below.

	· Issue 4-1-1: PTRS configuration
· Option 1: PTRS configuration shall be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL)
· Option 2: Using a fixed PTRS configuration for all devices for the EVM test.
· It is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1 only, If only CPE compensation method is used (with no ICI compensation) and having in mind the test implementation.



For option 1 and option 2, each option has their own pros and cons. Option 1 has high communication performance potential but complexity can be increased. Option 2 has low complexity but there is no potential for improving communication performance.
Based on the agreed simulation assumption, we performed link level simulation according to PTRS configuration(K=2 or 4, L=1) with only CPE compensation and compared the results. Fig.5 and Fig.6 show the link level simulation results for 29 GHz and 39 GHz respectively. From the results, the operating SNR improvement according to PTRS configuration seems negligible. This indicates that even if the UE’s recommended PTRS configuration is used, it may not have a large impact on EVM test. Also, the UE’s recommended PTRS configuration is optional feature, so the UE’s recommended PTRS configuration should be precluded for EVM test implementation. In addition, it is also observed that the UL 256QAM for 29 GHz and 39 GHz is feasible with no ICI compensation based on the link level simulation.
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	Fig.5. Throughput performance between K=2 and K=4 in 29 GHz TDL-A
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	Fig.6. Throughput performance between K=2 and K=4 in 39 GHzTDL-D



Observation 3 : The operating SNR improvement according to PTRS configuration seems negligible. This indicates that even if the UE’s recommended PTRS configuration is used, it may not have a large impact on EVM test. Also, the UE’s recommended PTRS configuration is optional feature, so the UE’s recommended PTRS configuration should be precluded for EVM test implementation.
Based on the observation3, option 2 on Issue 4-1-1 is supported.

Proposal 3: Use a fixed PTRS configuration without ICI compensation for all devices for the EVM test as in option 2.
Conclusion
In this discussion paper, we provided system level simulation and link level simulation results for FR2-1 UL 256 QAM and shared our observations and proposals based on simulation results.

Observation 1: From the 29 GHz 256QAM SLS results, PC2 and PC5 can achieve SINR of 28dB in both urban macro scenario and indoor scenario.
Observation 2: From the 39 GHz 256QAM SLS results, PC1, PC2 and PC5 can achieve SINR of 30dB in both urban macro scenario and indoor scenario.
Observation 3 : The operating SNR improvement according to PTRS configuration seems negligible. This indicates that even if the UE’s recommended PTRS configuration is used, it may not have a large impact on EVM test. Also, the UE’s recommended PTRS configuration is optional feature, so the UE’s recommended PTRS configuration should be precluded for EVM test implementation.

Proposal 1: UL 256QAM at 29GHz is feasible for both PC2 and PC5 UEs.
Proposal 2: UL 256QAM at 39GHz is feasible for PC1, PC2, and PC5 UEs.
Proposal 3: Use a fixed PTRS configuration without ICI compensation for all devices for the EVM test as in option 2.
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