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Introduction
In RAN4 #100-e meeting WF on HST FR2 demodulation requirements was agreed[1]. In this paper we provide our view on remaining open issues for PUSCH performance requirements definition. In our companion papers we also address UL TA and PRACH demodulation performance requirements [2] [3].
Discussion
PUSCH Test setup
MCS and Frequency Offset Compensation strategy
There are different options on a baseline Frequency Offset Compensation (FOC) strategy for requirements definition:  
	· Frequency offset compensation implementation 
· Option 1: Considering only pre-FFT frequency offset compensation for FR2 PUSCH requirement 
· Option 2: FOE method is up to BS implementation 
· Chose the worst case for requirement definition
· Encourage companies bring the simulation results for MCS 16, MCS17 and MCS20 in the next meeting
· Decide whether to define the worst case for requirement definition


In general, we have two options on FOC: pre-FFT and post-FFT. Post-FFT compensation cannot compensate Frequency Offset (FO) induced Inter Carrier Interference (ICI) and leads to the worse performance compared to pre-FFT compensation option. As we have shown previously [4] [5], due to significant Doppler frequency in UL direction the ICI after post-FFT compensation is a limiting factor for 64QAM operation in HST FR2 deployments.
To address this issue different MCS values as 16, 17 and 20 were proposed for further analysis.  In Table 1 we summarize link-level results for these MCSs in HST FR2 Unidirectional deployment scenario A with 19444 Hz max Doppler frequency. Both BS implementations were considered. The results are presented as a required SNR to achieve 70 % of the max throughput. The last row of the table provides performance loss in dB for post FFT processing compared to the pre FFT. Different DMRS configurations were considered for evaluation. The ‘-’ sign means that scenario cannot reach 70% throughput. The corresponding throughput vs SNR curves can be found in Annex A. 








Table 1. PUSCH performance at 70% @max throughput in Unidirectional HST FR2 scenario A, dB
	
	1 DMRS
	1+1 DMRS
	1+1+1 DMRS

	
	MCS 16
	MCS 17
	MCS 20
	MCS 16
	MCS 17
	MCS 20
	MCS 16
	MCS 17
	MCS 20

	pre FFT
	8.9
	10.8
	12.8
	8.8
	10.3
	12.8
	8.8
	10.7
	12.8

	post FFT
	17.9
	23.3
	-
	17
	19.9
	-
	16.9
	21
	-

	difference
	9
	12.5
	-
	8.2
	9.6
	-
	8.1
	10.3
	-


Observation #1: There is a higher than 8 dB difference between post-FFT and pre-FFT FOC strategies for MCS values 16 and 17.
Observation #2: MCS 20 cannot reach 70% throughput with post-FFT FOC. 
Definitely, gNB implementations with pre-FFT and post-FFT FOC might exist and RAN4 should not mandate one of them. Pre-FFT compensation provides obvious performance gains but same time restricts possible deployments for products with this implementation. Such products cannot be considered for scenarios when not only limited number of high speed UEs, but also other low speed UEs can establish connection with gNB. 
Same time for dedicated HST FR2 deployments without normal UEs especially in the areas when train moves at 350 km/h pre-FFT compensation is better approach. There will be no frequency multiplexing of different UEs, and BS can adjust its local oscillator according to the serving CPE.
Observation #3: Both pre-FFT and post-FFT FOC strategies has its own benefits and RAN4 should not preclude one of them.
Considering huge performance difference between these two strategies it will be hard to align simulation results among companies with different assumptions on FOC. Therefore, RAN4 should agree on specific FOC for defined test cases. Option 2 from WF suggests considering worst case assumptions from provided performance perspective. However, BS with pre-FFT implementation will have higher than 8 dB margin to meet requirements in this case. Such big margin can mask other implementation issues and it will be more challenging to identify bed implementations.  
Observation #4: Requirement definition based on the worst case (Option 2 from WF) can mask bed implementations due to huge difference between two FOC strategies. 
To effectively verify both implementations we suggest defining requirements for both. Since it is rather challenging to support MCS 20 with post-FFT operation we propose to define requirements with MCS 20 and pre-FFT FOC. This requirement should be up to BS manufacturer declaration since products with post-FFT implementations do not have ability to meet it.
Proposal #1:	Define PUSCH requirements with MCS 20 and pre-FFT FOC method. Define corresponding manufacturer declaration on supporting high MCS values for HST FR2 and apply requirements on MCS 20 only based on this declaration.
To verify post-FFT implementations we suggest considering MCS 16 since it provides higher SNR margin for OTA testing. This requirement does not require specific declaration since both correct post-FFT and pre-FFT FOC methods can be used to meet it.
Proposal #2:	Define PUSCH requirements with MCS 16 and post-FFT FOC method. 

RS configuration
The following options were proposed for further discussion on PUSCH DMRS configuration:
	· [bookmark: _Hlk85576871]RS configuration
· Option 1: 1 DMRS+PT-RS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration
· Option 2: 2 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration
· Option 3: 1 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration.
· Companies are encouraged to provide performance comparison between different RS configurations in the next meeting


For HST FR2 requirements it was agreed to configure PTRS during the test, in addition to DMRS to support 350km/h. PTRS has higher frequency estimation range that allows to estimate agreed 19444 Hz Doppler frequency with sufficient margin. 
Considering that channel propagation conditions are static there is no need to configure many DMRS symbols to perform accurate channel estimation. Therefore, we suggest defining requirements with 1 and 1+1 DMRS configurations. Applicability rule based on BS manufacturer declaration should be introduced to reduce test loads. 
Proposal #3:	Consider 1 DMRS+PT-RS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) configurations for requirements definition with test applicability rule based on BS manufacturer declaration.

Deployment scenarios and test applicability rules
The following agreements were reached last meeting on deployment scenarios:
	· [bookmark: _Hlk85577389]PUSCH requirement for Uni/Bi-directional RRH scenarios in scenario A and B 
· No dedicated PUSCH requirement in Bi-directional for Scenario A
· Introduce PUSCH requirement in Uni-directional for Scenario A if the feasibility of Uni-directional deployment is confirmed   
· Introduce PUSCH requirement in Uni-directional and Bi-directional for Scenario B
· Further discuss the following aspects
· Introduction of test applicability rule if needed
· Introduction of BS declaration for applicable test cases if more than one will be introduced (with different deployment scenarios)
· FFS whether a single requirement/ test case can be made to cover both Uni-directional and Bi-directional deployments of Scenario-B and even Scenario-A.
· Companies can provide performance comparison among Uni-directional and Bi-directional deployments
· BS test setup feasibility for Bi-directional deployment with two panels


Same baseband processing will be used for both unidirectional and bi-directional deployments and regardless of scenario A or B. Propagation conditions are also same but with slightly different Doppler frequency trajectories. In Figure 1 we show that provided performance is fully identical among different scenarios. In this case it is redundant to perform BS verification for more than 1 scenario and we suggest defining applicability rule between them that allows BS to pass only one scenario and other scenarios will be passed without explicit testing. Also, manufacturer declaration on applicable test case should be introduced.  
	[image: ]

	Figure 1. HST FR2 PUSCH performance


Proposal #4:	Introduce BS manufacturer declaration for applicable test case.
Proposal #5:	Introduce applicability rule that allows BS to pass only one scenario and other scenarios will be passed without explicit testing.

Phase Noise impact
No explicit phase noise modelling approach was agreed for simulation results alignment. Phase noise impact can be included into impairments results. Same time to confirm that there are no issues if real phase noise process is considered, we provide link-level evaluations below. Phase noise model from TR 38.803 Example 2 UE was used on Tx side.
	[image: ]

	Figure 2. Phase noise impact


Observation #5: Phase noise has negligible impact on BS demodulation performance on considered HST FR2 scenarios.  
Conclusion
In this contribution we provide our view on HST FR2 PUSCH demodulation requirements. In summary, we make the following proposals:
Proposal #1:	Define PUSCH requirements with MCS 20 and pre-FFT FOC method. Define corresponding manufacturer declaration on supporting high MCS values for HST FR2 and apply requirements on MCS 20 only based on this declaration.
Proposal #2:	Define PUSCH requirements with MCS 16 and post-FFT FOC method. 
Proposal #3:	Consider 1 DMRS+PT-RS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) configurations for requirements definition with test applicability rule based on BS manufacturer declaration.
Proposal #4:	Introduce BS manufacturer declaration for applicable test case.
Proposal #5:	Introduce applicability rule that allows BS to pass only one scenario and other scenarios will be passed without explicit testing.
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Annex A

Link level results

	MCS 20
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	MCS 17
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	MCS 16
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