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Background
[bookmark: _Hlk84866164]During RAN#100-e meeting, WF [1] on FR2 HST demodulation was approved. In this contribution, we share our views about PUSCH demodulation requirements for FR2 HST.
Discussion
Requirement for scenario A/B and uni/bi-directional deployment
	· 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



Here we provide the simulation results to evaluate performance under different HST scenarios the with other parameters same.
Table 2.1-1 Simulation results for different HST scenarios
	Case number
	Scenario
	SNR@70%maximum throughput (dB)

	1
	Uni-ScenarioA
	12.76

	2
	Uni-ScenarioB
	11.19

	3
	Bi-ScenarioB
	11.73
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Figure 2.1-1 Simulation results for different HST scenarios
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Figure 2.1-2 Doppler trajectory for different HST scenarios
From the Doppler trajectory we can see that the Uni-ScenarioA case can provide largest frequency offset among all cases and the Bi-ScenarioB case provide largest frequency jump among all cases. The Uni-ScenarioA case shows the best demodulation performce among all cases and the baseband processing verification under Uni-ScenarioA can be covered by the other two cases. To ensure the test coverage and reduce the test load at the same time, we propose to only define Uni-ScenarioA case and Bi-ScenarioB case, if feasible.
Only define Uni-ScenarioA case and Bi-ScenarioB case.
RS configuration, MCS and FOC implementation
	· 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
· MCS
· Option 1: MCS16
· Option 2: MCS 17
· Option 3: MCS20
· Encourage companies bring the simulation results for MCS 16, MCS17 and MCS20 in the next meeting
· Decide whether to define MCS 16, MCS 17 or MCS 20 based on the simulation results
· [bookmark: _Hlk84865501]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



Here we perform simulations to select RS configuration, MCS and FOC implementation, as following Figure shows.
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Figure 2.2-1 Pre FOC implementation
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Figure 2.2-2 Post FOC implementation
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Figure 2.2-3 residual frequency offset for FOE

Table 2.2-1 Simulation results for different RS configuration, MCS and FOC implementation
	[bookmark: _Hlk84923895]Case number
	DMRS
	FOC
	SNR@70%maximum throughput (dB)

	
	
	
	MCS16
	MCS17
	MCS20

	1
	1
	Pre-FFT
	6.71
	7.43
	10.14

	2
	1+1
	Pre-FFT
	6.40
	6.65
	9.76

	3
	1+1+1
	Pre-FFT
	6.39
	6.71
	9.75

	4
	1
	Post-FFT
	13.25
	16.55
	N/A

	5
	1+1
	Post-FFT
	11.92
	13.65
	N/A

	6
	1+1+1
	Post-FFT
	11.73
	14.04
	N/A



From above simulations we can get some observations as following:
When the BS select pre FOC implementation,
· There is negligible difference between different RS configuration.
When the BS select post FOC implementation,
· There is negligible difference between RS configuration of DMRS 1+1 and DMRS 1+1+1.
· There is a large difference between RS configuration with additional DMRS and without additional DMRS.
· Maximum throughput cannot be achieved for MCS 20.
For the residual frequency offset for FOE,
· There is negligible difference between RS configuration of DMRS 1+1 and DMRS 1+1+1.
· There is a large difference between RS configuration with additional DMRS and without additional DMRS
At most of cases, post-FOE is used at the BS side, it should not be expected that the BS used in HST scenario must be special designed. In our view, FOE should be up to BS implementation and should not be limited since the requirements we defined are minimum requirements, the worst case should be selected.
Use post-FOE as the worst case for PUSCH demodulation requirements for FR2 HST.
Considering that maximum throughput cannot be achieved for MCS 20 using post FOC implementation, only MCS 16 and MCS 17 is discussed. Here we derive the MCS table from TS 38.214 as following:
	MCS Index IMCS
	Modulation Order Qm
	Target code Rate R x [1024]
	Spectral efficiency

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664



As per above table and our evaluations, we can see that MCS 16 has higher spectral efficiency but requires lower SNR to achieve 70% maximum throughput than MCS 17. Also for FR1 HST uplink, MCS 16 is selected for requirements definition, we don’t see any necessary to use MCS 17. Therefore, we propose to use MCS 16 for HST FR2 PUSCH requirements definition.
Use MCS 16 for PUSCH demodulation requirements for FR2 HST.
For the RS configuration, performance degradation is observed without additional DMRS. Also DMRS 1+1+1 is benefit for some implementation that perform phase noise tracking by DMRS, we don’t think such implementation should be prevented. Notice that the demodulation performance for DMRS 1+1 and DMRS 1+1+1 is very close, we propose to define one set of performance requirements with either DMR-RS 1+1 or 1+1+1 based on BS declaration, like 2-step RACH WI did.
Define one set of performance requirements with either DMR-RS 1+1 or 1+1+1 based on BS declaration, like Rel-16 2-step RACH WI did.
Proposals
In this contribution, we discuss on PUSCH demodulation performance requirements for FR2 HST. Our observations and proposals are:
1. When the BS select pre FOC implementation,
· There is negligible difference between different RS configuration.
When the BS select post FOC implementation,
· There is negligible difference between RS configuration of DMRS 1+1 and DMRS 1+1+1.
· There is a large difference between RS configuration with additional DMRS and without additional DMRS.
· [bookmark: _GoBack]Maximum throughput cannot be achieved for MCS 20.
For the residual frequency offset for FOE,
· There is negligible difference between RS configuration of DMRS 1+1 and DMRS 1+1+1.
· There is a large difference between RS configuration with additional DMRS and without additional DMRS
1. Only define Uni-ScenarioA case and Bi-ScenarioB case.
Use post-FOE as the worst case for PUSCH demodulation requirements for FR2 HST.
Use MCS 16 for PUSCH demodulation requirements for FR2 HST.
Define one set of performance requirements with either DMR-RS 1+1 or 1+1+1 based on BS declaration, like Rel-16 2-step RACH WI did.
Reference
[bookmark: _Ref84840730][bookmark: _Hlk84866220]R4-2115726, WF on FR2 HST demodulation, RAN4#100-e, Samsung
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