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Introduction
At the previous RAN4#101-e meeting the scope of PUSCH requirements was narrowed down [1]. It was agreed that only one set of requirements will be defined based on bi-directional scenario-B channel model.
Still, a few issues that left open after the discussions:
· definition of test applicability rules based on BS manufacturer declaration for RS configuration
· alignment of PUSCH performance results and choice of MCSs
In this paper we share our views on the issues listed above.

Discussion
On RS configuration for PUSCH and UL timing adjustment
At the last meeting it was agree that two sets of requirements will be defined: with 1DMRS + PT_RS and with 2/3DMRS + PT_RS [1]:
	Agreement:
· Define requirement with 1 DMRS + PT_RS (L=1, K=2) configuration 
· Define FRC for 1 DMRS + PT_RS (L=1, K=2)
· Define requirement based on the simulation results with 2 DMRS+ PT_RS (L=1, K=2) configuration, but the final requirements are applicable for both 2 DMRS+ PT_RS (L=1, K=2) and 3 DMRS + PT_RS (L=1, K=2)
· Define FRC for 2 DMRS + PT_RS (L=1, K=2)
· Define FRC for 3 DMRS + PT_RS (L=1, K=2)

Way forward
· FFS, definition of test applicability rules based on BS manufacturer declaration



During the discussions, different companies had different opinions about the DM-RS configurations that will be used in practice. Therefore, we do not see a need to restrict freedom in the choice of the number of DM-RS symbols, e.g., like in the manufacturer declaration D.101 “PUSCH additional DM-RS positions” from table 4.6-1 of TS 39.141-2.  It should be possible to declare the supported additional DM-RS position(s) for HST FR2 requirements, i.e., either pos0, or pos1/pos2, or both. In total, one of five options can be declared:
· Only pos0
· Only pos1
· Only pos2
· pos0 and pos1
· pos0 and pos2.

Define manufacturer declaration for PUSCH additional DM-RS in FR2 HST scenario, i.e., pos0, or pos1/pos2, or both, applicable to BS Type 2-O.

Regarding the corresponding applicability rule, PUSCH requirement tests shall apply only for the additional DM-RS position declared to be supported. Next if additional DM-RS (i.e., pos0 and pos1 or pos0 and pos 2) is declared to be supported, then it is sufficient to perform the test with one of supported DM-RS configurations.
Define applicability rule in such a way that the requirements shall apply only for the supported DM-RS. If several DM-RS positions are supported, then only one of them shall be tested.

On PUSCH performance and MCS selection
At the RAN4#101-e, we have a significant difference in PUSCH performance reported by the companies. One reason for that may be in different implementations of FOE/FOC algorithm in pre-FFT and post-FFT manner [2]. However, it was agreed that the PUSCH performance requirements should not be implementation specific. Additionally, active discussion about the selection of MCS in the requirements took place [1]:
	[bookmark: _Hlk87479694]Agreements:
· [bookmark: _Hlk87523027]FOC method is up to BS implementation
· Do not capture assumptions on FOC scheme in specification   
· Define PUSCH requirements with MCS(s) between MCS16-20 that is/are feasible and testable.

Way forward:
· Companies are encouraged to further check and align the results because a significant span among the initial submitted results is observed ([R4-2117591]).
· FFS, the ways to agree on the requirements if the significant span in the results persists
· Companies are encouraged to identify suitable MCS(s) for requirements between MCS16-20 in the next meeting



In Table 1 below, we are presenting the result of link-level simulations for PUSCH in the agreed HST FR2 channel with different DM-RS configurations.
Table 1: PUSCH performance results in HST FR2 channel.
	RS configuration
	MCS
	SNR at 70%maxTP, 50MHz
	SNR at 70%maxTP, 200MHz

	DMRS 1+0
	 MCS16
	6.72 
	6.64 

	
	 MCS17
	7.42 
	7.22 

	
	 MCS18
	7.94 
	7.73 

	
	 MCS19
	9.12 
	8.85 

	
	 MCS20
	10.15 
	9.86 

	DMRS 1+1

	 MCS16
	6.57 
	6.58 

	
	 MCS17
	7.18 
	7.20 

	
	 MCS18
	8.06 
	7.75 

	
	 MCS19
	8.94 
	8.71 

	
	 MCS20
	10.16 
	9.80 

	DMRS 1+1+1

	 MCS16
	6.48 
	6.61 

	
	 MCS17
	7.21 
	7.23 

	
	 MCS18
	7.71 
	7.71 

	
	 MCS19
	8.73 
	9.02 

	
	 MCS20
	10.17 
	10.02 



Note that the simulation results above are received in the assumption of post-FFT FOC. For reference, we also studied PUSCH performance with pre-FFT FOC. The results are presented in Table 2. It can be seen, that for high MCSs the performance of pre-FFT FOC is a bit better (required SNR at 70%maxTput is lower), but the difference is not significant. It is expected result because the post-FFT FOC algorithm is sub-optimal.
Table 2: Additional PUSCH performance results with pre-FFT FOC in HST FR2 channel.
	RS configuration
	MCS
	SNR at 70%maxTP, 50MHz
	SNR at 70%maxTP, 200MHz

	DMRS 1+0
	 MCS16
	6.33 
	6.21 

	
	 MCS17
	7.14 
	6.91 

	
	 MCS18
	7.61 
	7.30 

	
	 MCS19
	8.61 
	8.31 

	
	 MCS20
	9.46 
	9.22 

	DMRS 1+1

	 MCS16
	6.20 
	6.21

	
	 MCS17
	6.74 
	6.72 

	
	 MCS18
	7.66 
	7.37 

	
	 MCS19
	8.41 
	8.21 

	
	 MCS20
	9.45 
	9.21 

	DMRS 1+1+1

	 MCS16
	6.19 
	6.21 

	
	 MCS17
	6.80 
	6.88

	
	 MCS18
	7.26 
	7.24 

	
	 MCS19
	8.23 
	8.43 

	
	 MCS20
	9.50 
	9.23 



Based on our simulation results we do not observe a significant difference in pre-FFT and post-FFT FOC. SNR corresponding to 70% of maximum throughput for MCS 20 is around 10 dB, what is far from the limits of the test equipment.
Use simulation results from Table 1 above for the definition of PUSCH performance requirements in HST FR2.

Regarding the MCSs, firstly, we think that MCS16 shall be mandatorily supported by all FR2 equipment. Therefore, the corresponding requirements should be present for HST FR2. Secondly, the scenario assumes that the HST CPE acts rather as a relay for the end users inside the train. Therefore, it is beneficial to confirm that higher MCSs with 64QAM are supported as well. Based on our results, we do not observe that SNR at MCS20 is limited by  test setup capabilities. Therefore, our preference is to have requirement with MCS 20. However, if the results reported by other companies necessitate the required SNR to be too high, we can select lover MCS, e.g., MCS 19.
RAN4 to define PUSCH requirements with two MCSs: MCS16 (16QAM) and MCS 20 (64QAM).
RAN4 to define an applicability rule, that the PUSCH performance requirements needs to be tested only with highest supported MCS.

Finally, if a large span in between the PUSCH simulation results of different companies is still observed at RAN#101-bis-e, it will be beneficial to identify the source of such difference. One way to achieve that is to exclude a potential impact of different implementations in handling FO changes for bi-directional Doppler trajectory. Hence, the results can be compared in a simple AWGN channel with maximum Dopper offset of 19458 Hz.
If a large span in the PUSCH simulations results still persists, RAN4 to verify and compare the PUSCH performance in a simple channel model: AWGN + fixed maximum Doppler offset of 19458 Hz.

Conclusion
In the contribution, we shared our view on the open issues left in HST FR2 demodulation performance requirements: RS configuration and PUSCH performance.
The following observations and proposals were made:
1. Define manufacturer declaration for PUSCH additional DM-RS in FR2 HST scenario, i.e., pos0, or pos1/pos2, or both, applicable to BS Type 2-O.
Define applicability rule in such a way that the requirements shall apply only for the supported DM-RS. If several DM-RS positions are supported, then only one of them shall be tested.
1. Based on our simulation results we do not observe a significant difference in pre-FFT and post-FFT FOC. SNR corresponding to 70% of maximum throughput for MCS 20 is around 10 dB, what is far from the limits of the test equipment.
	RS configuration
	MCS
	SNR at 70%maxTP, 50MHz
	SNR at 70%maxTP, 200MHz

	DMRS 1+0
	 MCS16
	6.72 
	6.64 

	
	 MCS17
	7.42 
	7.22 

	
	 MCS18
	7.94 
	7.73 

	
	 MCS19
	9.12 
	8.85 

	
	 MCS20
	10.15 
	9.86 

	DMRS 1+1

	 MCS16
	6.57 
	6.58 

	
	 MCS17
	7.18 
	7.20 

	
	 MCS18
	8.06 
	7.75 

	
	 MCS19
	8.94 
	8.71 

	
	 MCS20
	10.16 
	9.80 

	DMRS 1+1+1

	 MCS16
	6.48 
	6.61 

	
	 MCS17
	7.21 
	7.23 

	
	 MCS18
	7.71 
	7.71 

	
	 MCS19
	8.73 
	9.02 

	
	 MCS20
	10.17 
	10.02 


Use simulation results from Table 1 above for the definition of PUSCH performance requirements in HST FR2.
RAN4 to define PUSCH requirements with two MCSs: MCS16 (16QAM) and MCS 20 (64QAM).
RAN4 to define an applicability rule, that the PUSCH performance requirements needs to be tested only with highest supported MCS.
If a large span in the PUSCH simulations results still persists, RAN4 to verify and compare the PUSCH perfromance in a simpler channel model: AWGN + fixed maximum Doppler offset of 19458 Hz.
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