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1
Background
In 3GPP RAN#97-e meeting a revised Rel-18 WID on “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” has been approved [1]. One of the working areas of the WI is to specify the support for 256QAM on UL with the following objectives:
· 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 3GPP RAN4#104bis-e meeting a Way Forward has been approved [2]. In the next section we are going to address some of the remaining open issues from the previous meeting and we are going to provide some link-level and system-level simulation results.
2
Discussion
2.1  
EVM evaluation by link level simulation
2.1.1   Link-level simulations for 29 GHz carrier frequency

We have performed the link-level simulations with the subset of the agreed assumptions in [3] highlighted in yellow in Table 1.

	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, 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: (
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)=(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 1: Subset of link-level simulation assumptions used in simulations

On Figure 1 – Figure 8 we provide simulation results for various scenarios described in figure captions and figure legends.
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Figure 1: 29GHz, 100MHz, No HARQ, AWGN 2x2 Rank 1 channel, txEVM= rxEVM=3.5% 
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Figure 2: 29GHz, 100MHz, No HARQ, Fading 2x2 Rank 1 channel, txEVM= rxEVM=3.5% 
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Figure 3: 29GHz, 100MHz, No HARQ, AWGN 2x2 Rank 2 channel, txEVM= rxEVM=3.5% 
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Figure 4: 29GHz, 100MHz, No HARQ, Fading 2x2 Rank 2 channel, txEVM= rxEVM=3.5% 
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Figure 5: 29GHz, 100MHz, HARQ=8, AWGN 2x2 Rank 1 channel, txEVM= rxEVM=3.5%
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Figure 6: 29GHz, 100MHz,  HARQ=8, Fading 2x2 Rank 1 channel, txEVM= rxEVM=3.5% 
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Figure 7: 29GHz, 100MHz, HARQ=8, AWGN 2x2 Rank 2 channel, txEVM= rxEVM=3.5% 
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Figure 8: 29GHz, 100MHz, HARQ=8, Fading 2x2 Rank 2 channel, txEVM= rxEVM=3.5% 

In Table 2 we have summarized results where we indicate two operating SNR points where 256QAM MCS21 outperforms 64QAM MCS23 and 64QAM MCS24, respectively.

	HARQ Type
	Channel type
	Cross-point between 256QAM MCS21 and 64QAM MCS23
	Cross-point between 256QAM MCS21 and 64QAM MCS24

	No HARQ
	AWGN 2x2 Rank 1
	26.2 dB
	26.8 dB

	
	AWGN 2x2 Rank 2
	28.7 dB
	29 dB

	
	Fading 2x2 Rank 1
	27.9 dB
	28.1 dB

	
	Fading 2x2 Rank 2
	32.4 dB
	33.2 dB

	HARQ=8
	AWGN 2x2 Rank 1
	26 dB
	26.4 dB

	
	AWGN 2x2 Rank 2
	28.1 dB
	28.8 dB

	
	Fading 2x2 Rank 1
	27.1 dB
	27.8 dB

	
	Fading 2x2 Rank 2
	31.2 dB
	32.2 dB


Table 2: Summary of link-level simulation results

We conclude first that between not having HARQ and having HARQ=8 repetitions there are no big differences when it comes to the cross-point (operating SNR) between 256QAM MCS21 and 64QAM MCS23/MCS24, respectively. For the AWGN channel, the operating SNR is lower by 0.3 dB in average in the “No HARQ” case compared with “HARQ=8” case, while for the TDL-D fading channel the operating SNR is lower by 0.8 dB in the “No HARQ” case compared with “HARQ=8” case.

For “No HARQ” case, for AWGN channel the average operating SNR is equal to 27.7 dB.

For “No HARQ” case, for TDL-D fading channel the average operating SNR is equal to 30.4 dB.

Thus, we make the following proposals:

Proposal 1: For 29 GHz AWGN channel with 3.5% EVM, the operating SNR for 256QAM MCS21 should be equal to 27.7 dB.

Proposal 2: For 29 GHz TDL-D channel with 3.5% EVM, the operating SNR for 256QAM MCS21 should be equal to 30.4 dB.

2.1.2   Method to limit MCS for 39 GHz carrier frequency

One way to limit the MCS for 39 GHz carrier frequency is to reuse the method agreed in NR_exto71GHz_Demod_Part2 WI where in the WF from RAN4#104-e meeting [4] the following was agreed:
Issue 1-3-2: MCS choice for PDSCH requirements for 64QAM (if requirements with 64QAM are agreed)

· Agreement: RAN 4 to select the max MCS that satisfies the following criteria: performance degradation due to phase noise is less than 1dB with the agreed PN compensation technique;

· Option 1: 

· 120kHz: MCS 22;

· 480kHz: MCS 20;

· Option 2: 

· 120kHz: MCS17;

· 480kHz: MCS 13;

· Option 3:

· 120kHz: MCS 20 (66 RBs);

· 480kHz: MCS 13 (66 RBs), and 17 (16 RBs);

· Option 4:

· 120kHz: MCS 20 (66 RBs or 33 RBs);

· 480kHz: MCS 9 (33 or 16 RBs);

So, if we assume that only CPE compensation method is used (and no ICI compensation), we make the following:

Proposal 3: Proposed method for limiting the MCS for 39 GHz consists of selecting the max MCS which satisfies the following criteria: performance degradation due to phase noise is less than XdB (e.g. X=1.5 dB since 256QAM is assumed) with the agreed PN compensation technique (CPE compensation), i.e. performance degradation is less than XdB between the cases of “No PN” and “PN with CPE compensation”.
Note that the companies should agree on PN model and the value of X should be discussed. The SNR values which should be compared between “No PN” and “PN with CPE compensation” curves should be the ones which achieve a certain percentage of the peak throughput, e.g. 70%.
2.2  
EVM test

2.2.1   PTRS configuration 
If de-ICI filtering is not used for ICI compensation, it means that the phase noise mitigation only relies on the CPE compensation method. In that case, it would be beneficial to have as good CPE compensation level as possible, meaning that K=4 PTRS structure should be avoided, as well as L>1 (not enough PTRS samples for the successful PN compensation). On the other hand, K=1 is not good from the performance degradation perspective. Having that in mind and considering that if we have multiple PTRS configurations that there should be test cases defined for each one of them, in our view it is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1.

Proposal 4: If only CPE compensation method is used (with no ICI compensation) and having in mind the test implementation, it is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1 only.
2.3  
System simulation assumption
In the WF from the previous meeting, the system-level assumptions have been agreed [2] with the goal to check whether the UE working on FR2-1 UL 256QAM can achieve the target (operating) SNR at the BS side and to further confirm FR2-1 UL 256QAM is feasible.
In Table 3 we highlight with yellow the subset of the agreed assumptions which were used in our simulations and with green the additional/modified 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% for PC5
0% for PC1
	

	
	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

	Traffic model
	FTP with 10%, 30%

	Target SNR at BS side
	FFS

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


Table 3: Subset of system-level simulation assumptions used in simulations (note that PC5 was not simulated)

On Figure 9 we show the results of system-level simulations for 29 GHz carrier frequency and FTP traffic model of both 10% and 30%.
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Figure 9: System-level simulation results on 256QAM feasibility for PC1 UE in FR2-1 for 29 GHz carrier frequency 

Note that in the simulations results, no sophisticated model was used for the misalignment between BS and UE beam directions. So, in the simulations the ideal beam management was assumed, and the impairment offset of 10 dB was added in the last stage.

By looking at the results, we can see that around 30% of UEs can achieve the operating SNR of 30 dB for FTP with 30% load and around 35% of UEs can achieve the operating SNR of 30 dB for FTP with 10% load, which means that 256 QAM for PC1 UEs in FR2-1 and 29 GHz carrier frequency is feasible.

Proposal 5: 256 QAM for PC1 UEs in FR2-1 and 29 GHz carrier frequency is feasible.
3
Conclusion

In this contribution, we have shared our view on some of the open issues from the previous meeting, and we have made the following proposals:
Proposal 1: For 29 GHz AWGN channel with 3.5% EVM, the operating SNR for 256QAM MCS21 should be equal to 27.7 dB.

Proposal 2: For 29 GHz TDL-D channel with 3.5% EVM, the operating SNR for 256QAM MCS21 should be equal to 30.4 dB.

Proposal 3: Proposed method for limiting the MCS for 39 GHz consists of selecting the max MCS which satisfies the following criteria: performance degradation due to phase noise is less than XdB (e.g. X=1.5 dB since 256QAM is assumed) with the agreed PN compensation technique (CPE compensation), i.e. performance degradation is less than XdB between the cases of “No PN” and “PN with CPE compensation”.

Proposal 4: If only CPE compensation method is used (with no ICI compensation) and having in mind the test implementation, it is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1 only.
Proposal 5: 256 QAM for PC1 UEs in FR2-1 and 29 GHz carrier frequency is feasible.
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