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1	Introduction
RAN4#100-e agreed with the way forward on the UE/BS demodulation requirements for HST FR2 [1] and channel model. This contribution discusses the open issues related to UE demodulation requirements. 
2	Discussion
2.1	Deployment scenario and channel model
RAN4 agreed with the following way forward on deployment scenario and channel model for FR2 HST [2].
	Introducing performance requirements for both uni-directional and bi-directional deployment in scenario B which pending on further discussion on following aspect:
· The test applicable rules can be further discussed and introduced if needed
· FFS whether single test case cover both uni-directional and bi-directional deployment
· BS declaration for applicable test cases can be further discussed 
· Test feasibility for bi-directional deployment under performance test cases 
· Performance comparision among uni-directional and bi-directional deployment



We will show our simulation results to discuss the channel model(s) used for UE/BS demodulation requirements. 
2.1.1	Channel model for Uni-directional deployment
RAN4 has agreed to assume the following frequency shift model for Uni-directional deployment scenario. 



Unlike the traditional HST single tap channel model or HST-DPS/HST-SFN channel model, the frequency shift model based on the Uni-directional deployment requires an additional parameter Ds_offset, and it was agreed to set 10m for Scenario A and 100m for Scenario B as shown in Table 1. Figure 1 shows the Doppler shift trajectory according to the parameters in Table 1 , where we set fmax=9722Hz.

[bookmark: _Ref82088574]Table 1	Parameters for FR2 HST Uni-directional deployment channel model. 
	
	Ds
	Dmin
	Ds_offset

	Scenario A
	700m
	10m
	10m

	Scenario B
	700m
	150m
	100m
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	(a) Scenario A
	(b) Scenario B


[bookmark: _Ref82088805]Figure 1	Doppler shift trajectory for Uni-directional channel model.
2.1.2	Channel model for Bi-directional deployment
RAN4 is discussing three channel model options for the frequency shift model with the bi-directional deployment as shown below [2]:
	Companies are encouraged to draw conclusion in this meeting for RAN4 demodulation aspect. All feasible transmission schemes with assioated channel modelling can be included into TR.
The baseline assumption was to consider option 2a for demodulation if introducing test cases pending on further checking by Nov 2021 RAN4 meeting.
· Note: From frequency jump performance verification aspect, option 2a is more simple option.




Option 2(a)


Option 2(b)


Option 2(c)



Option 2a is similar to the traditional HST single tap model used from Rel-15 NR. On the other hand, option 2b and 2c requires additional parameters Ds_offset for option 2b and Aoffset/Boffset for option 2c. For the PDSCH demodulation performance comparision, we set Ds_offset=100ms which is same as Ds_offset for the Uni-directional deployment scenario in Scenario B, and Aoffset/Boffset=0.25Ds/0.75Ds, as shown in Table 2. Figure 2 shows the Doppler shift trajectory according to Table 2, where we set fmax=9722Hz. 
[bookmark: _Ref82089653]Table 2	Parameters for FR2 HST Bi-directional deployment channel model.
	
	Ds
	Dmin
	Ds_offset
	Aoffset
	Boffset

	Scenario B option 2a
	700m
	150m
	N/A
	N/A
	N/A

	Scenario B option 2b
	700m
	150m
	100m
	N/A
	N/A

	Scenario B option 2c
	700m
	150m
	N/A
	175m
	525m
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	(a) Option 2a
	(b) Option 2b, Ds_offset=100m
	(c) Option 2c, Aoffset=0.25Ds, Boffset=0.75Ds


[bookmark: _Ref82089679]Figure 2	Doppler shift trajectory for the bi-directional deployment scenario.
2.1.3	Performance comparison
Figure 3 compares the PDSCH demodulation performance with different channel models discussed so far. The detailed simulation assumption is given in Appendix. Since RAN4 usually sets the PDSCH requirements with the SNR achieving the 70% of the maximum throughput, Table 3 summarizes the required SNRs for each scenario. It is observed from our simulation result that PDSCH performance difference is negligible with regard to different frequency shift trajectory.  
Observation 1: Different channel model options do not show significant PDSCH performance difference with regard to the SNR to achieve 70% of the maximum throughput.
Based on the observation, we propose to confirm the baseline assumption, i.e., Option 2a. 
Proposal 1: Confirm Option 2a for bi-directional deployment scenario.
[image: ]
[bookmark: _Ref82089909]Figure 3	PDSCH simulation result with different FR2 HST channel models. 
[bookmark: _Ref82090642]Table 3	Summary of PDSCH simulation result with different channel model.
	Scenario
	Scenario A
	Scenario B
	Scenario B
	Scenario B
	Scenario B

	RRH deployment
	Uni-directional 
	Uni-directional
	Bi-directional
Option 2a
	Bi-directional
Option 2b
	Bi-directional
Option 2c

	SNR to achieve 70% of maximum throughput
	7.7 dB
	7.6 dB
	7.6 dB
	7.5 dB
	7.6 dB



2.1.4	Delay in the channel model
For the Uni-directional deployment scenario, one of the open issues is whether the channel model captures the propagation delay on top of Ds_offset and frequency shift [2].  
	The factor needed to be considered for channel model
· For UL PUSCH demod test cases, no delay modelling needed.
· For UL TA adjustment demod test cases, further discuss delay modelling
· For DL PDSCH demod test cases, FFS whether delay jump need to be considered in channel modelling pending on the further decision on RRM session



In RAN4 UE demodulation requirements, the reception delay factor has been considered only for the scenarios UE receives signals from two or more transmission points or carriers simultaneously, e.g., multi-TRP transmission scenario, HST-SFN deployment scenario, inter-cell interference scenario, or dual connectivity. This means the delay is defined as a timing offset between two cells, carriers, or RRHs. For HST-DPS, on the other hand, we don’t assume that UE receives PDSCH from two RRHs simultaneously. Also we are not sure the test equipment can implement the absolute timing delay at the UE receive antenna specified in TS38.101-4 especially in OTA test environment. We should also point out the timing adjustment, using e.g., SSB, is not a part of UE demodulation requirements. We therefore propose not to model absolute propagation delay in the HST-DPS channel model. 
Proposal 2: Channel model for HST FR2 should not model the delay jump.

2.2	Maximum Doppler frequency offset for PDSCH requirement
	Ui-directional scenario
· Introduce PDSCH requirement with the maximum Doppler frequency offset as 9722Hz in Uni-directional deployment scenario
Bi-directional scenario
· Option 1: 5652Hz with 0.1ppm FOE error and 10% safety margin
· Option 2: 9722Hz
· Option 3: Define two sets of PDSCH requirement with 9722Hz and 7000Hz
· FFS on whether introduce separate requirements for Uni- and Bi-directional based on UE capability with larger and smaller Maximum Doppler Frequency if needed



As it is observed from Figure 3, we don’t see any significant performance difference between Uni-directional scenario and Bi-directional deployment model with the maximum Doppler shift of 9722Hz. We therefore propose to assume to set the maximum Doppler frequency offset to 9722Hz for Bi-directional deployment scenario. 
Proposal 3: Set 9722Hz to the maximum Doppler frequency offset for PDSCH requirement in Bi-directional deployment scenario.
2.3	DPS transmission schemes for Uni-directional scenario
	· Introduce DPS scheme 1a and scheme 1b for PDSCH requirement in Uni-directional scenario if the feasibility of Uni-directional deployment is confirmed 
· FFS on whether both schemes are defined in Uni-directional scenario for both Scenario A and B or not
· FFS on define different DPS schemes for scenario A and scenario B 
· FFS on the test applicable if needed



As it is observed from Figure 3, we don’t see any significant performance difference between Scenario A and Scenario B. We therefore propose to select one of scenarios for HST-DPS transmission schemes for the Uni-directional deployment scenario. We can choose Scenario A if we focus on the larger maximum Doppler shift, although we can choose Scenario B if we focus on the Doppler shift changes during the test.
Proposal 4: RAN4 should choose one of scenarios for DPS transmission schemes for Uni-directional scenario.
Since we think the DPS transmission with the Uni-directional deployment is feasible, we propose to define both DPS 1a and 1b. 
Proposal 5: RAN4 defines both DPS scheme 1a and 1b for PDSCH requirement in Uni-directional scenario. Test applicability depends on UE capability of active TCI states. 
2.4	DPS transmission schemes for Bi-directional scenario
	· Introduce DPS scheme 1a for PDSCH requirement in Bi-directional scenario of scenario B 
· FFS on applicability of DPS scheme 1b
· Encourage companied to further discuss the following aspect in the next meeting
· Test procedure or test feasibility between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B
· Pros and Cons between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B



The difference between DPS schemes 1a and 1b is whether UE is capable of monitoring 1a) only one active TCI state or 1b) two or more active TCI states. We think RAN4 should define both test cases, and it is up to UE implementation which capability is reported for HST FR2 test cases.
Proposal 6: RAN4 defines both DPS scheme 1a and 1b for PDSCH requirement in Bi-directional scenario. Test applicability depends on UE capability of active TCI states.
RAN4#100-e also discussed the testability for bi-directional deployment scenario. In the bi-directional deployment environment, UE need to receive signals from two RRHs, and we think UE need to switch two Rx panels according to the active TCI states. If two RRH environment is set in the OTA environment, the Rx panel switching delay may affect to the final test results because the Rx panel switching time depends on the UE. One possibility is to assume enough DTX period considering FR2 TCI switching time. However the purpose of demodulation requirements is to verify the baseband performance and we should avoid the impact due to RF/RRM parts as much as possible. We therefore prefer to assume UE uses single Rx panel even for bi-directional deployment scenario.
[bookmark: _Hlk85465393]Proposal 7: Bi-directional testing for UE demodulation requirements is based on a single panel. This means the OTA test environment has one transmitter and it changes the Doppler shift according to the channel model. 
2.6	PDSCH demodulation requirements for HST FR2
2.6.1	Simulation parameters
Based on the observations/proposals so far, we propose to set the requirements with the following test parameters. 
Proposal 8: Assume the following parameters for PDSCH demodulation requirements for FR2 HST.
· Antenna configuration 2x2
· MCS 17, Rank 1
· SCS=120kHz, CBW=200MHz
· DMRS type 1 with 2 additional DMRS symbols (i.e., DMRS configuration with 1+1+1)
· TRS transmitted every 10ms
2.6.2	Channel models
According to our simulation results in Figure 3 and Table 3, we don’t observe any performance difference regardless of between Uni-directional Scenario A/B and Bi-directional Scenario B with regard to the SNR to achieve 70% of the maximum throughput. We are also proposing that the Bi-directional deployment tests should use the single transmitters as well as the Uni-directional case to avoid the complexity of OTA test setup. If those are acceptable, we don’t see any benefit to specify difference requirements for Scenario A/B with Uni-directional and Scenario B with and Bi-directional. We therefore propose to define one PDSCH demodulation test. 
Proposal 9: RAN4 should define a single PDSCH demodulation test case covering all the deployment scenarios (Scenarios A/B with Uni-directional and Scenario B with Bi-directional deployment).
3	Summary
Observation 1: Different channel model options do not show significant PDSCH performance difference with regard to the SNR to achieve 70% of the maximum throughput.
Proposal 1: Confirm Option 2a for bi-directional deployment scenario.
Proposal 2: Channel model for HST FR2 should not model the delay jump.
Proposal 3: Set 9722Hz to the maximum Doppler frequency offset for PDSCH requirement in Bi-directional deployment scenario.
Proposal 4: RAN4 should choose one of scenarios for DPS transmission schemes for Uni-directional scenario.
Proposal 5: RAN4 defines both DPS scheme 1a and 1b for PDSCH requirement in Uni-directional scenario. Test applicability depends on UE capability of active TCI states. 
Proposal 6: RAN4 defines both DPS scheme 1a and 1b for PDSCH requirement in Bi-directional scenario. Test applicability depends on UE capability of active TCI states.
Proposal 7: Bi-directional testing for UE demodulation requirements is based on a single panel. This means the OTA test environment has one transmitter and it changes the Doppler shift according to the channel model. 
Proposal 8: Assume the following parameters for PDSCH demodulation requirements for FR2 HST.
· Antenna configuration 2x2
· MCS 17, Rank 1
· SCS=120kHz, CBW=200MHz
· DMRS type 1 with 2 additional DMRS symbols (i.e., DMRS configuration with 1+1+1)
· TRS transmitted every 10ms
Proposal 9: RAN4 should define a single PDSCH demodulation test case covering all the deployment scenarios (Scenarios A/B with Uni-directional and Scenario B with Bi-directional deployment).
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Appendix Simulation assumption
	Parameters
	Value

	Maximum Doppler
	9722Hz

	CBW/SCS
	100MHz/120kHz

	PDCSH mapping
	Type A, start symbol 1, duration 13

	DMRS
	1+1+1

	PTRS
	KPTRS=2, LPTRS=1

	TRS period
	10ms

	Antenna configuration
	2x2

	MCS
	17

	Rank
	1

	Dmin
	Scenario A: 10m
Scenario B: 150m

	Ds
	700m

	Velocity
	350km/h
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4 Bi-directional, Scenario B, fmax=9722Hz
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4 Bi-directional, Scenario B, fmax=9722Hz
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4 Bi-directional, Scenario B, fmax=9722Hz
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