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1. Introduction
In RAN#98-e meeting, the WID on NR RF requirements enhancement for FR2 was approved. In the previous RAN4 meeting, the core requirements of UE RF to support UL 256QAM transmission in FR2 was under discussion. According to the meeting agenda, this meeting is the first meeting to discuss the performance part of BS demodulation requirement for UL 256QAM.
In this contribution, the view on the test scope of BS demodulation requirement for UL 256QAM is provided.  
2	Discussion
2.1	Test scope of BS demodulation requirement   
Applicability of PUSCH requirement 
Several candidate carrier frequencies were considered for UL 256QAM feasibility study.  Based on feasibility study, it is concluded that 
	· For 29GHz, UL 256QAM for PC2/PC5 UEs is feasible
· For 39GHz, UL 256QAM for PC1/PC2/PC5 UEs is feasible 



Therefore, PUSCH requirement with UL 256QAM is only applicable for the carrier frequency up to 39GHz. From demodulation requirement aspects, different carrier frequency will impact on the maximum channel doppler and phase noise profile. While from baseband processing aspects, there is no minor difference between 29GHz and 39GHz. In general, the minimum requirements specified in RAN4 are band- agnostic. Therefore, only one PUSCH requirement with FR2 UL 256QAM is defined and applicable for both carrier frequency as 29GHz and 39GHz.
Proposal 1: PUSCH requirement with UL 256QAM is only applicable for carrier frequency up to 39GHz. Only one PUSCH requirement with UL 256QAM will be defined in RAN4, and applicable for both carrier frequencies. 
Manufacture 
Based on UE feature list, 256QAM is a UE optional feature for UL in FR2. Therefore, PUSCH with 256QAM requirement should be optional, whether this requirement will be tested should be based on BS declaration.
Proposal 2: The PUSCH requirement with FR2 UL 256QAM is only applied for BS declared to support it. Introduce the BS man declaration for FR2 UL 256QAM

Phase noise modeling 
Different method related with Tx phase noise model are proposed for UE MPR simulation, including the phase noise model in 38.803 and new model proposed by companies. 
For Tx phase noise modeling related with demodulation test, since each TE vendor has own Tx phase noise model. We suggest to not model Tx phase noise similar as Rel-15 FR2 and Rel-17 71GHz FR2-2.
For Rx Phase noise modeling, different companies may have different implementation, which can be different comparison with example model in TR 38.803. 
Therefore, regarding to whether including the phase noise modeling for requirement definition, RAN4 has a lot of discussion from Rel-15 to Rel-17 for FR2, finally, no explicitly modeling the Rx phase noise model was agreed for ideal simulation results, leave it to implementation. The impact of phase noise was included into the impairment results
Proposal 3: No explicitly modeling the Rx phase noise model can be regarded as baseline for ideal simulation assumption. Interesting companies can provide the detail Phase noise modeling method 

ICI compensation 
The main effect of phase noise, one is the common phase error, another is the inter-carrier interference (ICI). With ICI filtering, it is expected to have a good performance, while pending on number of filter taps. Whether there is a performance gain compared with CPE only, should be further studied. 
In general, whether to apply ICI filtering method is up to BS implementation. If Rel-17 71GHz WI, RAN4 has the similar discussion, and finally not agreed that ICI compensation is baseline assumption as following
	· Assume PN model in Receiver side with CPE compensation for initial simulation purpose for both DL and UL
· FFS when and how to consider ICI including performance gain, implementation complexity and test feasibility 



Observation 1: No conclusion for ICI compensation applied in Rel-17 71GHz WI.
Meanwhile, based on RF requirement discussion, the following agreement was made.
	· Consider ICI compensation only if sufficient performance improvement is shown by proponent with explanation of the underlying algorithm 



Proposal 4: CPE compensation is baseline assumption for phase noise correction 
Tx TVM modeling
With high modulation, the achievable SNR is very high, which means large transmission power should be considered to fulfill the acceptable performance. In this condition, the nonlinearity of RF unit, such as PA, may result in distortion of transmission power. Therefore, the impact of Tx EVM may need to be considered for requirement and simulation alignment. Based on feasibility study in TR 38.891, there is a large performance degradation due to the impact of EVM from companies results. Therefore, it is necessary to consider the RF impairment modeling into the minimum requirement. For DL PDSCH demodulation with FR2 256QAM, Tx EVM with 3% is modeling for ideal simulation results. Since it is the 1st meeting, we think the Tx EVM impact should be checked. If no Tx EVM modeling is agreed for simulation assumption. we think additional margin with considering EVM impact should be included for performance derivation.
Proposal 5: FFS on consider the Tx EVM modeling for requirement definition. If no TX EVM was introduced for simulation assumption, additional margin should be considered to reflect the impact of Tx TVM impact for performance derivation.

2.2	Test setup of BS demodulation requirement
In the last meeting, the initial test up for BS demodulation requirement is discussed. In this section, the view on the test parameters is provided.
Waveform
For UL channel, the PUSCH requirement with both CP-OFDM and DFT-s-OFDM waveform were specified in the Rel-15.
Based on UE RF requirement discussion, two waveforms are considered.  In general, the useful scenario of enable 256QAM scheduling is targeting cell-center UE with high SNR condition. DFT-s-OFDM waveform is mainly used for cell-edge scenario. Considering the minor performance difference with CP-OFDM waveform and DFT-s-OFDM, to reduce the test effort, we prefer to prioritize the PUSCH requirement with CP-OFDM waveform, similar as the FR1 UL 256QAM requirement.
Proposal 6: Prioritize PUSCH requirement with FR2 UL 256QAM for CP-OFDM waveform  
Channel Model
Both TDLA and TDLD channel are selected for FR2 UL 256QAM feasibility study as  
	· TDL-A 30ns delay spread with 35Hz Doppler frequency 
· TDL-D 30ns delay spread with 35Hz Doppler frequency 



In Rel-16 FR2 DL 256QAM WI, TDL-D 30ns and 75Hz channel model was introduced for PDSCH requirement considering the SNR requirements in TDL-A channel is close to the maximum testable SNR of DL FR2 256QAM as 22dB for 50MHz CBW/120KHz SCS.  Meanwhile, based on link level simulation results summary in TR 38.891, better performance is shown in TDL-D channel compared with TDL-A channel, where the required SNR is less in TDL-D channel. While considering it is the first meeting to discuss the performance part of PUSCH requirement with FR2 UL 256QAM, we suggest to include both channel model for evaluation to define the proper requirements
Proposal 7: Both TDLA and TDLD channel model could be considered as candidate channel model for evaluation to check the feasible channel model 
· TDL-A 30ns with 35Hz
· TDL-A 30ns with 75Hz
· TDL-D 30ns with 35Hz

Antenna Configuration
For antenna configuration, both 1Tx2Rx and 2Tx2Rx are considered for specifying PUSCH requirement in FR2. In our view, scheduling 256QAM transmission with rank2 is not a typical scenario, which will increase the achievable SNR, which may exceed the OTA test limitation. Therefore, we prefer to define PUSCH with FR2 UL 256QAM for 1Tx2Rx antenna configuration, similar as FR1 UL 256QAM requirement.
Proposal 8: Define PUSCH requirement with FR2 UL 256QAM for 1Tx2Rx antenna configuration
SCS&BW
Both 60KHz and 120KHz SCS are available for FR2, and the corresponding requirement has been specified in Rel-15. Based on the link level simulation assumptions provided for UE RF requirement discussion, both two SCSs are considered. Therefore, both 60KHz and 120KHz could be considered for specifying requirements.
Regarding the channel bandwidth, since RAN4 has already defined the test applicability rule with different channel bandwidth. To reduce the test efforts and simulation efforts, we prefer to only define requirement with minimum channel bandwidth for each SCS.
Proposal 7: Define the PUSCH requirement with UL 256QAM in FR2 with minimum channel bandwidth for each SCS as
· 60KHz SCS with 50MHz
· 120KHz SCS with 50MHz

PTRS configuration  
Different with FR1, the phase noise impact is large for FR2. Therefore, it is benefit to configure PTRS for phase noise estimation and correction. Based on feasibility simulation of UL 256QAM, with PTRS configuration (K_PTRS, L_PTRS) = (2, 1) can achieve better performance on given phase noise profile. Since there is no conclusion that whether to configure PTRS for DFT-s-OFDM waveform for UE EVM test. as following
	· Option 1: PTRS is not configured for all RBs allocation
· Option 2: The following PTRS configuration is established for UEs that declare they need PTRS to meet Tx signal quality requirements: 
· FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or narrower). (Companies are expected to submit related simulation results for narrow RBs allocations to further evaluate whether or which PTRS configuration adopt)
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
· FFS how UEs declare whether they need PTRS or not.
· Option 3: The following PTRS configuration is established: 
· FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or narrower). (Companies are expected to submit related simulation results for narrow RBs allocations to further evaluate whether or which PTRS configuration adopt)
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.



Meanwhile, as our preference, the PUSCH requirement with UL FR2 256QAM for CP-OFDM waveform should be prioritized. Therefore, we prefer to apply the same configuration as in Rel-15 for CP-OFDM.
Proposal 8: The following PTRS configuration could be considered for PUSCH requirement with UL FR2 256QAM 
· K_PTRS: 2 and L_PTRS =1 for CP-OFDM waveform

MCS
During feasibility study, several MCS values are selected for simulation with following value    
	· MCS limitation 
· Limit MCS with 256QAM for 39GHz to the range of MCS#20, MCS#21 and MCS#22
· Limit MCS with 256QAM for 29GHz to the range of MCS#20, MCS#21, MCS#22 and MCS#23


Based on companies results, the target SNR where 256QAM can provide better performance compared to 64QAM is high, where the operating SNR values for each carrier frequency are given as following, with considering EVM impact
	· Operating SNR for 29GHz and 39GHz
· Adopt 28dB as operating SNR for 29GHz
· Adopt 29dB as operating SNR for 39GHz



Observation 2: The required operating SNR for 256QAM in 29GHz and 39GHz is higher than the maximum testable SNR defined in Rel-15 for FR2 
From demodulation test aspect, it is better to design the proper test cases with reasonable MCS for verifying the baseband processing, and also the requirement specified should be testable, due to the limitation of the transmitted signal power of TE. As discussed in Rel-15, the maximum testable SNR should be limited within 20dB. In Rel-16 FR2 DL 256QAM, the maximum testable SNR is 22dB for FR2 bands including n260 with 50MHz CBW for Power class 3. So, encourage TE vendors can provide what is the feasible SNR for FR2 UL 245QAM.
Since it is the 1st meeting to discuss the performance part of FR2 UL 256 requirement, Therefore, we suggest to consider the following MCS candidate for evaluation before down select of them for specifying requirement. 
Proposal 8: RAN 4 considers the following MCS candidate for evaluation before down select of them for specifying requirement.
·  MCS#20, MCS#21 and MCS#22 from 256QAM table

DMRS configuration 
Since the main use case of 256QAM should be for cell-center UE with low mobility, we think it should be enough to configure DMRS with 1+1.
Proposal 9: Define the PUSCH requirement with UL 256QAM in FR2 with DMRS configuration 1+1.

Other parameters
For the other parameters, such as mapping type, symbol length, it is straightforward to reuse the Rel-15 FR2 assumption as much as possible
Proposal 10: For the other parameters, such as mapping type, symbol length, reuse the Rel-15 FR2 assumption.
3	Conclusion
In this contribution, the view on the test scope of BS demodulation requirement for UL 256QAM is provided.  
Proposal 1: PUSCH requirement with UL 256QAM is only applicable for carrier frequency up to 39GHz. Only one PUSCH requirement with UL 256QAM will be defined in RAN4, and applicable for both carrier frequencies. 
Proposal 2: The PUSCH requirement with FR2 UL 256QAM is only applied for BS declared to support it. Introduce the BS man declaration for FR2 UL 256QAM
Proposal 3: No explicitly modeling the Rx phase noise model can be regarded as baseline for ideal simulation assumption. Interesting companies can provide the detail Phase noise modeling method
Observation 1: No conclusion for ICI compensation applied in Rel-17 71GHz WI.
Proposal 4: CPE compensation is baseline assumption for phase noise correction 
Proposal 5: FFS on consider the Tx EVM modeling for requirement definition. If no TX EVM was introduced for simulation assumption, additional margin should be considered to reflect the impact of Tx TVM impact for performance derivation.
Proposal 6: Prioritize PUSCH requirement with FR2 UL 256QAM for CP-OFDM waveform  
Proposal 7: Both TDLA and TDLD channel model could be considered as candidate channel model for evaluation to check the feasible channel model 
· TDL-A 30ns with 35Hz
· TDL-A 30ns with 75Hz
· TDL-D 30ns with 35Hz

Proposal 8: Define PUSCH requirement with FR2 UL 256QAM for 1Tx2Rx antenna configuration
Proposal 7: Define the PUSCH requirement with UL 256QAM in FR2 with minimum channel bandwidth for each SCS as
· 60KHz SCS with 50MHz
· 120KHz SCS with 50MHz

Proposal 8: The following PTRS configuration could be considered for PUSCH requirement with UL FR2 256QAM 
· K_PTRS: 2 and L_PTRS =1 for CP-OFDM waveform

Observation 2: The required operating SNR for 256QAM in 29GHz and 39GHz is higher than the maximum testable SNR defined in Rel-15 for FR2 
Proposal 8: RAN 4 considers the following MCS candidate for evaluation before down select of them for specifying requirement.
·  MCS#20, MCS#21 and MCS#22 from 256QAM table

Proposal 9: Define the PUSCH requirement with UL 256QAM in FR2 with DMRS configuration 1+1.
Proposal 10: For the other parameters, such as mapping type, symbol length, reuse the Rel-15 FR2 assumption.

References
R4-2309796, WF for ATG demodulation requirements
