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1 Background
Supporting uplink 256QAM has been further discussed in RAN4 #105, and WF has been approved [1]. It has been concluded that the 256 QAM is feasible for PC1 at 29 GHz, but it is unfeasible to use 48 GHz to support 256 QAM in uplink in Rel-18. 

To further examine the feasibility of supporting UL 256QAM, updated simulation results, including system-level simulation (SLS) for the indoor scenario, is provided in this contribution. In addition, some views on the MPR performances have also been provided.    
2 SLS simulation for Indoor Scenario
The simulation setup for SLS has been agreed upon in RAN4#104bis-4[2], while UE min EIRP and power control scheme has been introduced in RAN4#105[1]. The simulation setup for indoor scenario is summarized in Table 1. The target SNR in the simulation is 28 dB and 30 dB for 29 GHz and 39 GHz, respectively, according to the agreed WF.
Table 1. System-level simulation setup
	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
	28 dB (29 Ghz) /30 dB (39 GHz)

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



Min peak EIRP in the system level simulation assumptions.
	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



power control in the system level simulation assumptions.
	Power control
	Power control parameters set to achieve the target SNR at BS side.


 
The indoor scenario at 29 GHz
The SLS simulation results at 29 GHz for the indoor scenario are shown in Fig. 1. Since PC1 has been concluded to be feasible, only results of PC2/5 have been provided here. 
[image: ]
[bookmark: _Ref115364573]Figure 1 The system level simulation at 29 GHz for the indoor scenario with PC2/5. 
As explained, a power control scheme is adopted in the simulation, and thus the CDF plot is “capped” by the target SNR. Based on the simulation results, it can be observed that about 35% of UE can reach the target SNR, which is a significant portion of total devices. Therefore, it can be concluded that it is feasible for PC2 and PC5 to support 256 QAM at 29 GHz. 
[bookmark: _Ref115366368]Observation 1	35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz. 
Proposal 1	Concluding that it is feasible for PC2 and PC5 to support 256 QAM at 29 GHz.

The indoor scenario at 39 GHz
Further simulations have also been performed for 39GHz for the indoor scenario, including PC1 as well, where the simulation results are shown in Fig. 2 (PC1) and Fig. 3 (PC2/5), respectively. 
[image: ]
Figure 2 The system level simulation at 39 GHz for the indoor scenario with PC1. 

[image: ]
Figure 3 The system level simulation at 39 GHz for the indoor scenario with PC2/5. 

Based on the results shown in Fig. 2 and Fig.3, though the target SNR and path loss have been increased, a significant portion of UE (45% for PC1 and 10% for PC2/5) can still meet the target SINR. Again, such simulation results demonstrate that a system-level gain can be obtained by supporting 256 QAM for uplink, which suggests that it is feasible to support 256 QAM in uplink is feasible for PC1/2/5 at 39 GHz.  
[bookmark: _Ref118739228][bookmark: _Ref118740685]Observation 2	45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz. 
Moreover, it can be expected that the UE performance can be further improved with implementation based on methods, e.g., linearization technologies or more advanced semiconductor technologies. It is also worth emphasizing that 256 QAM can be a useful feature for the services that require heavy uplink transmission, such as HD uplink video streaming. Therefore, it is meaningful to enable the 256 QAM for uplink transmission to explore the potential of the FR2 spectrum further.

Observation 3	UE performance can be further improved with implementation based on methods, e.g., linearization technologies or more advanced semiconductor technologies.
Observation 4	The high-order modulation scheme can be used to explore the potential of the FR2 network further to support services with heavy uplink transmission. 
Proposal 2	Concluding that it is feasible for PC1/2/5 to support 256 QAM at 39 GHz.
3 Consideration of MPR performance
To enable the UL 256 QAM in FR2-1, the corresponding MPR values need to be added. The MPR value is to back off the output power on the power amplifier to obtain better linearity and reduce the EVM. On the other hand, to obtain a meaningful performance in the network, the MPR values need to be confined so that the UE can reach reasonable EIRP levels in real life.

The largest MPR allowed for PC1 has reached 9 dB for 64 QAM in FR2-1. To our understanding, in order to meet the target EVM performance of 3.5% of 256 QAM, MPR is not the only solution. As we mentioned earlier, UE implementation-based methods, including linearization and more advanced semiconductor technologies, are feasible and can also be used, especially for high-power devices, e.g., FWA/CPE. Therefore, it is proposed that RAN4 should confine the MPR values for 256 QAM in FR2-1 with the consideration that more advanced UE implementation technologies are also feasible for high-power devices. 

Proposal 3	RAN4 should confine the MPR values for 256 QAM in FR2-1 with the consideration that more advanced UE implementation technologies are also feasible for high-power devices. 
4 Conclusion
Observation 1	35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz.
Observation 2	45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz. 
 Observation 3	UE performance can be further improved with implementation based on methods, e.g., linearization technologies or more advanced semiconductor technologies.
Observation 4	The high-order modulation scheme can be used to explore the potential of the FR2 network further to support services with heavy uplink transmission. 
Proposal 1	Concluding that it is feasible for PC2 and PC5 to support 256 QAM at 29 GHz.
Proposal 2	Concluding that it is feasible for PC1/2/5 to support 256 QAM at 39 GHz.
Proposal 3	RAN4 should confine the MPR values for 256 QAM in FR2-1 with the consideration that more advanced UE implementation technologies are also feasible for high-power devices. 
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