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1. Introduction
[bookmark: _Hlk528680199]According to the time plan and WI, the discussion on performance of FR2 UL 256QAM will start from RAN4#108 meeting. Following scope is mentioned for core and performance part in WI [1].  
4.1	Objective of SI or Core part WI or Testing part WI
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 

Beam correspondence requirements for RRC_INACTIVE and initial access
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping [RAN4 RF]
· For RRC_INACTIVE specify at least requirements for Random Access SDT and Configured Grant SDT
· Requirements for other transmission within RRC_INACTIVE state are not precluded.
· For initial access, specify requirements and verification of beam correspondence requirements based on msg1 spherical coverage (at least) 
· Study the potential impact on testability aspects (i.e., test time).

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
UL 256QAM
· Specify the BS demodulation performance

In this contribution, general views for corresponding demodulation requirements are delivered.   

2. Discussion
The typical FR2 BS deployment could be local area or indoor scenario. Regarding the very narrow beam width, LOS channel and short propagation distance, the high modulation order is possible to be scheduled in the real network. On the other hand, UE RF have agreed to define corresponding requirements and consider it as an optional feature. It is straightforward to define corresponding BS demodulation requirements to check the performance regarding some UE might use this modulation level. 
[image: ]In R4-2220810, it was agreed in UE RF session that the 48GHz is not feasible for UL 256QAM, so the band n262 could be excluded from the demodulation discussion scope.

[bookmark: _Toc142663854]Proposal 1	Introduce FR2-1 PUSCH with 256QAM demodulation requirements except n262. 

If RAN4 agree to introduce the demodulation requirements for FR2-1 UL 256QAM, following aspects should be considered at the first place. 
· Link budget for OTA tests
· Channel model
· Phase noise impact
· EVM impact

[image: A picture containing screenshot

Description automatically generated]
Figure 1-1 FR2-1 BS test setup
The current SNR limit for FR2-1 OTA test is 20dB, and the assumed setup is copied as figure 1-1 [2]. It should be kept in mind for 256QAM demodulation discussion at the start point since it would impact the configurations such as channel model, channel bandwidth, MCS and layer etc. The phase noise and other impairments contributing to EVM on top of ideal SNR should meet the 20dB SNR limit to secure a feasible OTA test. Further link budget evaluation might be needed based on the simulation for FR2-1 PUSCH 256QAM.  
[bookmark: _Toc142663855]Proposal 2 	Take 20dB SNR limit for initial FR2-1 PUSCH 256QAM simulations with impairment impact (such as PN and EVM impact). 

To support 256QAM in FR2 deployment, channel model with low delay spread and low Doppler shift is necessary. In link budget calculation in [2], the fading channel margin is assumed as 10dB. If the NLOS channel is finally proved that it can’t get a proper SNR for OTA test together with PN and EVM impact, LOS channel or even single tap channel could also be considered. 
For initial simulations, it could start with TDLA and/or TDLD channel with smalls delay and Doppler values. TDLA30-75 is used for FR2-1 PUSCH 64QAM demodulation which could be considered for initial simulation, and TDLD30-75 for LOS channel can also be simulated for comparison.
[bookmark: _Toc142663851]Fading channel margin is assumed as 10dB in FR2-1 BS OTA test link budget calculation. 
[bookmark: _Toc142663856]Proposal 3	Start with TDLA and/or TDLD channel with practical delay and Doppler values.

From the demodulation requirement perspective, phase noise impact is important to see the performance degradation on top of ideal results. For 256QAM, several dBs of performance degradation is expected which might dominate the final requirement over 20dB SNR limit or not. On the other hand, it seems hard to get consensus among companies on PN model selection according to previous release of FR2 requirement discussion. The simulation results with different phase noise models could not get alignment for some cases. Thus, companies tend to capture the impact to impairment results with their own preference.
[bookmark: _Toc142663852]No PN model is introduced for current FR2 BS demodulation requirements.
As the start of the discussion, it is still worthy to check the phase noise impact based on simulations. Whether to capture a certain PN model into requirement could be furtherly discussed. In RAN4#106bis and RAN4#107 UE RF session, some PN models are discussed for 29GHz and 39GHz MPR simulation separately [3], but there is no agreement on which model to be used. These models are basically evaluated from the Example-1 or Example-2 in TR38.803, but Example-1 and 2 are agreed not feasible for UE MPR simulation and EVM tests. For PUSCH demodulation, companies could discuss based on these models and choose proper one or two for initial simulations. It is also good to have results on different models for comparison. Annex captures these candidate model. 
[bookmark: _Toc142663857]Proposal 4	Companies deliver simulation results with and without PN impact on Rx side by preferred PN models.   
[bookmark: _Toc142663858]Proposal 5	RAN4 to discuss how to capture PN impact for FR2-1 PUSCH 256QAM demodulation requirements based on the simulation results.

Similar as PN impact, EVM impact is also hard to get consensus among companies. On one hand, EVM impact can’t be avoid on both Tx and Rx side especially for 256QAM.  On the other hand, there is no available Tx EVM model for 256QAM, so it is hard for TE implementation and performance measurement under a certain EVM assumption. In FR1 PUSCH 256QAM discussion, companies agree to capture Tx EVM impact into impairment results and not to model it.
[bookmark: _Toc142663853]No Tx EVM model is introduced for FR1 PUSCH demodulation requirements.
The agreed BS Tx 256QAM EVM for FR2-1 is 3.5% in core specification [4]. The UE Tx RF use same value for EVM including PN and thermal impairments. For the OTA test, the TE might have better Tx EVM than UE, but the impact would be higher than conducted test for FR1. To simplify the discussion and test setup, no EVM model could be taken as the start point. Companies could furtherly discuss the feasibility based on the simulation results and analysis.
[image: ]
[bookmark: _Toc142663859]Proposal 6	No Tx EVM model is assumed for FR2-1 PUSCH 256QAM initial simulations. Further investigation is needed for EVM impact in OTA test. 

As discussed above, it is not clear about the PN impact for now, so it should be good to start with the relatively more robust configuration regarding 20dB SNR limits.  

[bookmark: _Toc142663860]Proposal 7	Following simulation parameters could be considered for initial simulations:
· [bookmark: _Toc142663861]Channel model: TDLA30-75 and/or TDLD30-75
· [bookmark: _Toc142663862]PN model: On and off. The specified model need discussion by RAN4.
· [bookmark: _Toc142663863]Bandwidth and SCS: 50MHz with 60kHz SCS and 100MHz with 120kHz SCS
· [bookmark: _Toc142663864]MCS and layer: MCS20 (in MCS Table 2) and 1 layer
· [bookmark: _Toc142663865]Waveform: CP-OFDM
· [bookmark: _Toc142663866]PT-RS: On and off. 
· [bookmark: _Toc142663867]DM-RS: 1+1 


3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Fading channel margin is assumed as 10dB in FR2-1 BS OTA test link budget calculation.
Observation 2	No PN model is introduced for current FR2 BS demodulation requirements.
Observation 3	No Tx EVM model is introduced for FR1 PUSCH demodulation requirements.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce FR2-1 PUSCH with 256QAM demodulation requirements except n262.
Proposal 2 	Take 20dB SNR limit for initial FR2-1 PUSCH 256QAM simulations with impairment impact (such as PN and EVM impact).
Proposal 3	Start with TDLA and/or TDLD channel with practical delay and Doppler values.
Proposal 4	Companies deliver simulation results with and without PN impact on Rx side by preferred PN models.
Proposal 5	RAN4 to discuss how to capture PN impact for FR2-1 PUSCH 256QAM demodulation requirements based on the simulation results.
Proposal 6	No Tx EVM model is assumed for FR2-1 PUSCH 256QAM initial simulations. Further investigation is needed for EVM impact in OTA test.
Proposal 7	Following simulation parameters could be considered for initial simulations:
	Channel model: TDLA30-75 and/or TDLD30-75
	PN model: On and off. The specified model need discussion by RAN4.
	Bandwidth and SCS: 50MHz with 60kHz SCS and 100MHz with 120kHz SCS
	MCS and layer: MCS20 (in MCS Table 2) and 1 layer
	Waveform: CP-OFDM
	PT-RS: On and off.
	DM-RS: 1+1
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Annex Candidate PN model
1 Example 1 in TR38.803

· Parameters
	PSD0
	1585 (32 dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	1
	3.3

	2
	550e3
	2.7
	1.6e6
	3.3

	3
	280e6
	2.53
	30e6
	1




2 Example 2 in TR38.803

where 
	 (dB)	
	 (dB)	
· Parameters
	
	Model 1, UE, Loop BW = 187kHz
	Model 2, BS, Loop BW = 112kHz

	
	REF clk
	PLL
	VCO V2
	VCO V3
	REF clk
	PLL
	VCO V2
	VCO V3

	FOM
	-215
	-240
	-175
	-130
	-240
	-245
	-187
	-130

	fz
	Inf
	1.00E+04
	50.30E+06 
	Inf
	Inf
	1.00E+04
	8.00E+06 
	Inf

	P (mW)
	10
	20
	20
	10
	20
	50

	k
	2
	1
	2
	3
	2
	1
	2
	3




3 New PN model for 29GHz

· Parameters from Qualcomm
	PSD0
	32 dB

	
	
	
	
	

	1
	3e3
	2.37
	1
	3.3

	2
	6e5
	4.7
	8e5
	5.3

	3
	8e5
	2.0
	1.1e6
	2.5


· Parameters from MTK
[image: ]

4 New PN model for 39GHz

· Parameters from MTK
[image: ]
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Table 9.6.2.3-1: EVM requirements for BS type 2-O carrier

Applicability Modulation scheme for PDSCH Required EVM (%)
FR2 QPSK 17.5
FR2 16QAM 125
FR2 64QAM 8
FR2-1 256QAM 3.5
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Parameters for 45 GHz PLL phase noise model

Pa

Pa

model

PSDO 1995.3 (33dB)
n,m [ a, fp,m Dom
1 3e3 2.37 1 3.3
2 550e3 2.7 1.6e6 3.3
3 280e6 | 2.53 30e6 1
rameters for 39 GHz PLL phase noise model
PSDO 1498.7 (31.76dB)
n,m fn a,, fp,m Aom
1 3e3 2.37 1 3.3
2 620e3 2.7 1.6e6 3.3
3 240e6 | 2.53 30e6 1
rameters for 29.55 GHz PLL phase noise
PSDO 860.4 (29.35dB)
n,m fn a,, fp,m Aom
1 3e3 2.37 1 3.3
2 660e3 2.7 1.6e6 3.3
3 182e6 | 2.53 30e6 1
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EVM requirements of UL 256QAM for 48§GHz:

B UL 256QAM is unfeasible for 48GHz in Rel-18

B The capability for support of UL256QAM is defined as per band per band combinations




