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1. Introduction
In RAN 96 meeting, a new WID [1] for NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved, where for FR2 UL 256QAM, the objections are:
UL 256QAM
· Investigate and enable UL 256QAM for FR2-1 [RAN4]
· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 
In last RAN4 meeting, some link level simulation results were provided by companies. During the discussion, companies achieved the agreements below [2].
	Issue 2-1-1: EVM requirement for 29GHz
Agreement:
· [bookmark: OLE_LINK2]3.5% EVM for 29GHz, FFS for operating SNR.
· The target power class is PC1, PC2, and PC5.
Issue 2-1-2: EVM requirement for 39GHz
Agreement:
· 3.5% EVM for 39GHz and using average value FFS for operating SNR with limited MCS.
· The limited MCS is the subset of MCS with 256QAM
· FFS on the list of MCS
· Decide the operating SNR based on list of MCS
· The target power class is PC1, PC2, and PC5



It can be seen that the operating SNR for both 29G and 39G are still FFS although there were some recommendations from the moderator. In addition, for 39GHz, companies commented that additional MCS would be needed for the feasible purpose although the evaluations from some companies shows the gain can be achieved.
[bookmark: OLE_LINK11][bookmark: OLE_LINK5]In this contribution, we provide additional link level simulation results of MCS22 for CP-OFDM for 39GHz frequency carrier to determine whether MCS22 is feasible for 256QAM. In addition, we provide some initial simulation results based on the approved simulation assumption, meanwhile some proposals on simulation assumption are given.
2. Link level simulation
For MCS22 evaluation, the simulation assumptions are from [2] as listed in Annex A1, and the parameters used in this simulation are marked in red. The throughput curves for MCS22 for CP-OFDM Rank1 transmission are listed in figure1~figure 3.
[image: ]
Figure 1, Throughput performance comparison between FR2 UL 256QAM MCS 22 and FR2 UL 64QAM MCS24 @39GHz AWGN channel
[image: ]
Figure 2, Throughput performance comparison between FR2 UL 256QAM MCS 22 and FR2 UL 64QAM MCS24 @39GHz TDL-D channel
[image: ]
Figure3, Throughput performance comparison between FR2 UL 256QAM MCS 22 and FR2 UL 64QAM MCS24 @39GHz TDL-A channel
The updated target SNR values are summarized in table 1, where “-” means that 256QAM can not provide better performance in the given SNR range compared to 64QAM. As EVM was reached in last meeting so the simulation results of EVM 3.0% and EVM 4.0% are not provided.
Table 1. Target SNR for CP-OFDM, Rank 1 transmission
	index
	frequency
	Channel
	Test setup (64QAM/256QAM)

	Target SNR

	
	
	
	
	EVM 3.5%+3.5%

	[bookmark: OLE_LINK3]1
	29GHz
	AWGN
	MCS23/21  
	20.80

	2
	
	
	MCS24/23
	27.47

	3
	
	TDL-D
	MCS23/21
	22.42

	4
	
	
	MCS24/23
	27.71

	5
	
	TDL-A
	MCS23/21
	24.03

	6
	
	
	MCS24/23
	29.07

	7
	39GHz
	AWGN
	MCS23/21  
	22.00

	
	
	
	MCS24/22
	27.55

	8
	
	
	MCS24/23
	-

	9
	
	TDL-D
	MCS23/21
	26.00

	
	
	
	MCS24/22
	29.61

	10
	
	
	MCS24/23
	-

	11
	
	TDL-A
	MCS23/21
	26.09

	
	
	
	MCS24/22
	30.70

	12
	
	
	MCS24/23
	-

	13
	48GHz
	AWGN
	MCS23/21  
	-

	14
	
	
	MCS24/23
	-

	15
	
	TDL-D
	MCS23/21
	-

	16
	
	
	MCS24/23
	-

	17
	
	TDL-A
	MCS23/21
	-

	18
	
	
	MCS24/23
	-


Based on the simulation results, the following observations are given:
[bookmark: OLE_LINK16][bookmark: OLE_LINK10]Observation 1: For 39GHz:
UL 256QAM performance gain can be expected in the following cases:
· AWGN, TDL-D and TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected
· AWGN, TDL-D and TDL-A channel when MCS22(256QAM)/MCS24(64QAM) are selected
Observation 2: UL 256QAM performance gain can not be expected for 48GHz. 
3. System level simulation
For system level simulation assumption, the following were agreed in last meeting.
Table 2. System level simulation assumption reached in RAN4 #104bis-e.
	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 


[bookmark: OLE_LINK9]The maximum out power is the upper limit of the transmission power required by regulations. In the system level simulation, the final radiation power is determined based on the output power, beam gain and element gain. Therefore Min peak EIRP needs to be included in the simulation assumption. The Min peak EIRP for PC3 is copied from [3] as below. Min peak EIRP for other Power Class are copied to Annex for reference. We can see from the table below that the Min peak EIRP for PC3 in n257 is 22.4dBm which is smaller than 23dBm.
Table 3. Table 6.2.1.3-1: UE minimum peak EIRP for power class 3 from[3]
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n259
	18.7

	n260
	20.6

	n261
	22.4

	n262
	16.0

	n263
	14.1

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
NOTE 2:	Void


[bookmark: OLE_LINK12]Proposal 1: To add Min peak EIRP in the system level simulation assumption.
	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


It shall be noted that there is not EIRP definition for PC2 and PC5 in band n260.
Another key factor for system simulation is power control. The power control defined in TR 38.803[3] are:
-	CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)
-	γ = 1
We can see from the above description that a fixed value of 88 is for CLx-ile calculation, we think this set value is inappropriate for the target SNR approaching 30dB considering operating SNR recommended by moderator is ~28dB for 29GHz, since the power control in TS38.803 is designed for satisfying the target SNR at BS side as 15 dB. Therefore we further modify the CLx-tile based on the approaches in [4] so that the target SNR could achieve up to higher target SNR such as 31dB, which is ~3dB above the operating SNR recommended by moderator for UL 256QAM.
In order to check whether the UE working on FR2 UL 256QAM can achieve target SNR at BS side we provide some system level simulation results with target SNR of 31dB and proposed Min peak EIRP. Figure 4~figure 7 show the CDF of SINR for PC1, PC2, PC3 and PC5 in band n257. 
[image: ]
Figure 4, CDF of SINR for PC1 under Urban Macro with Fc = 29GHz
[image: ]
Figure 5, CDF of SINR for PC2 under Urban Macro with Fc = 29GHz
[image: ]
Figure 6, CDF of SINR for PC3 under Urban Macro with Fc = 29GHz
[image: ]
Figure 7, CDF of SINR for PC5 under Urban Macro with Fc = 29GHz
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]From figure 4~figure 7 we can find that 5% UE can achieve above 30dB SINR which show that PC1, PC2 and PC5 @29GHz are feasible for UL 256QAM. If the operating SNR is smaller than 30dB, then the percentage of UE meet the target SNR will increase, for example, ~10% UE can achieve above 28dB SINR even for PC3.
[bookmark: _GoBack]Observation 3: PC1, PC2, PC3 and PC5 are feasible for UL 256QAM for 29GHz if the operating SNR is not higher than 28dB.
4. Conclusion
In this contribution, we provide additional link level simulation results of MCS22 for CP-OFDM for 39GHz. In addition, we provide some initial simulation results based on the approved simulation assumption, meanwhile some proposals on simulation assumption are given.
Based on the simulation results, the following observations and proposals are given:
Observation 1: For 39GHz:
UL 256QAM performance gain can be expected in the following cases:
· AWGN, TDL-D and TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected
· AWGN, TDL-D and TDL-A channel when MCS22(256QAM)/MCS24(64QAM) are selected
Observation 2: UL 256QAM performance gain can not be expected for 48GHz
Proposal 1: To add Min peak EIRP in the system level simulation assumption.
	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



Observation 3: PC1, PC2, PC3 and PC5 are feasible for UL 256QAM for 29GHz if the operating SNR is not higher than 28dB.
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6. Annex
Table A.1 simulation assumption for FR2 UL 256QAM
	Parameter
	Value 

	Carrier frequency
	29 GHz (n257), 39 GHz (n260) and 48GHz (n262)

	CBW
	50 MHz, 100MHz

	SCS
	120 kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency
TDL-D 30ns delay spread, 35Hz Doppler frequency
Static (AWGN)

	MCS
	64QAM: 
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
DFT-s-OFDM: MCS 22, 23 in TS 38.214 Table 6.1.4.1-1, other MCSs are not precluded.
256QAM: 
CP-OFDM/DFT-s-OFDM: MCS 21,22, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type 
	CP-OFDM; DFT-s-OFDM

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2 (using the diagonal matrix)

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH configuration
	Type A mapping, Start symbol 0, Duration 14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	CP-OFDM: KPTRS : 2 (every 2 RBs), LPTRS : 1 (every 1 symbol)


DFT-s-OFDM: (,)=(4, 4), LPTRS : 1 (every 1 symbol)

	Phase noise compensation
	Practical based on PTRS

	Phase noise model
	TR 38.803 model (in section 6.1.10 and section 6.1.11)
modelled Phase noise for TX and RX
Option a): example1 (UE)  + example1(BS)
Option b): example2 (UE) + example2(BS)
Option d): example1 (UE) + example2(BS)

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: 3%, 3.5%, 4%, rxEVM: 3%, 3.5%, 4%
Option 1: txEVM >= rxEVM; 

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .


Table A.2 Table 6.2.1.1-1: UE minimum peak EIRP for power class 1 from [3]
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	n262
	34.2

	n263
	30.6

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



Table A.3 Table 6.2.1.2-1: UE minimum peak EIRP for power class 2 from [3]
	Operating band
	Min peak EIRP (dBm)

	n257
	29

	n258
	29

	n259
	25

	n261
	29

	n262
	22.9

	n263
	22.7

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance


[bookmark: OLE_LINK35]
Table A.4 Table 6.2.1.5-1: UE minimum peak EIRP for power class 5 from [3]
	Operating band
	Min peak EIRP (dBm)

	n257
	30

	n258
	30.4

	n259
	27.7

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
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