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1. Introduction
In RAN4#104e-bis, companies have submitted many link level simulation results for FR2-1 UL 256QAM evaluation and we agreed that the EVM for FR2-1 is 3.5% which is the same as FR1. However, the operating SNR is still pendent, and some companies try to lower the operating SNR by limiting the MCS. In this contribution, we provide more evaluation based on system level simulation.
2. Discussion
2.1 Simulation assumption
The following simulation assumption is used in our evaluation:

Table I system level simulation assumption

	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

	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 

	Power control
	PC1: P0 = -60 / PC2&PC5: P0 = -70 / PC3: -76
alpha: Urban macro =0.8 / Indoor = 0.6  

	Traffic model
	Full Buffer



Compared to the assumption in [1], the only difference is the addition of power control and traffic model. The P0 is the target received power at the BS side which is modified for different types of UE, and the alpha is the factor of path loss compensation which is different for Indoor and Uma to avoid large interference between cells. 

2.2 SINR distribution
The SINR distribution for Indoor and Uma are shown in Figure 1:

[image: ] [image: ]
Figure 1 SINR distribution

Except for PC1, The SINR of UE is hard to larger than 25 dB at the BS side.

Observation 1: 
· For PC1, 20% of UE’s SINR can be larger than 25 dB.
· For PC2/PC3/PC5, <5% UE’s SINR can larger than 25 dB.

We further counted the percentage of UEs that had used 256QAM in the simulation and the throughput performance gain. The throughput gain is derived from comparing whether the 256QAM is allowed. The results are shown in below:

 
Figure 2 proportion and performance gain for 256 QAM 

For the indoor scenario, PC1 UE can have obvious performance gain, and about 70% UE is once scheduled with 256QAM during the simulation time, but for other power classes, the throughput performance even become worse, this is because the SINR for these UE cannot support such high MCS and the BLER is bad. For the Uma scenario, even though there are many UEs scheduled with 256 QAM, the performance gain is tiny.

Observation 2:
· For the indoor scenario, only PC1 shows obvious throughput gain, and about 69.3%UEs are scheduled with 256 QAM.
· For the Uma scenario, the performance gain of all PC UEs is tiny.

Based on the simulation results above, we think only PC1 UE has the chance to achieve performance gain and is worth to be further studied.

Proposal 1: Conclude the UL 256QAM for PC2/PC3/PC5 is not feasible in FR2-1, and focus on PC1 only in the future discussion.

2.3 Limited MCS
In [1], the limited MCS was raised and the intention is to lower the operating SNR so that UE can archive the performance gain. However, we think the limited MCS will also restrict the performance gain of UL 256QAM which makes the 256QAM meaningless. To prove this, we further do the system level evaluation and the results are shown in Table II:

Table II throughput gain for UL 256 QAM with limited MCS

	Limited MCS
	No limitation
	Max MCS = 22
	Max MCS = 20

	Indoor, PC1
	9.4%
	4.2%
	2.3%




Observation 3: Even though limiting the MCS can lower the operating SNR, the system performance gain will also be restricted which makes the UL 256QAM meaningless.

Proposal 2: No need to limit the max MCS for UL 256QAM, it depends on NW whether the higher MCS can be used.
3. Conclusion
In this contribution, we provide further evaluations based on SLS, and the observations and proposals are listed below:
Observation 1: 
· For PC1, 20% of UE’s SINR can be larger than 25 dB.
· For PC2/PC3/PC5, <5% UE’s SINR can larger than 25 dB.

Observation 2:
· For the indoor scenario, only PC1 shows obvious throughput gain, and about 69.3%UEs are scheduled with 256 QAM.
· For the Uma scenario, the performance gain of all PC UEs is tiny.

Observation 3: Even though limiting the MCS can lower the operating SNR, the system performance gain will also be restricted which makes the UL 256QAM meaningless.

Proposal 1: Conclude the UL 256QAM for PC2/PC3/PC5 is not feasible in FR2-1, and focus on PC1 only in the future discussion.

Proposal 2: No need to limit the max MCS for UL 256QAM, it depends on NW whether the higher MCS can be used.
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Proportion of UEs using 256QAM

PC1	[值]

Indoor	Uma	0.69299999999999995	0.375	PC2/PC5	
Indoor	Uma	0.12	0.17899999999999999	PC3	
Indoor	Uma	2.5000000000000001E-2	0.16	



Cell average througput gain

PC1	[值]

Indoor	Uma	9.4E-2	2.4E-2	PC2/PC5	
Indoor	Uma	-0.01	0.01	PC3	
Indoor	Uma	-4.2999999999999997E-2	8.0000000000000002E-3	Indoor                              Uma
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