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1. Introduction 
In RAN4#98e UE demodulation for FR1 HST was discussed and way forward [1] was agreed. In this contribution we present our views on the open issues related to UE demodulation requirements for FR1 HST.

2. Discussion
Requirements for CA 
The agreements in [1] related to requirements for CA with HST:
	· Maximum doppler shift
· Reuse Maximum Doppler shift and corresponding configuration from Rel-16 HST-SFN requirements ( 870 Hz for 15 kHz SCS; 1667 Hz for 30 kHz SCS)
· Transmission schemes
· Define HST CA requirements for HST-SFN joint transmission
· FFS whether to define HST CA requirements for DPS transmission scheme (with one active TCI state and/or two active TCI states)
· Antenna configuration
· 2x2 and 2x4 
· Define PDSCH CA demodulation requirements with the combination of following component carriers:
· for 15KHz SCS, specify PDSCH requirements on single carrier of BW of {5, 10, 15, 20, 25, 30, 40, 50} MHz
· for 30KHz SCS, specify PDSCH requirements on single carrier of BW of {5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 90, 100} MHz
· for FDD 10MHz/15kHz SCS and TDD 40MHz/30kHz SCS, reuse SNR from the Rel-16 NR HST WI, and run simulation for other cases
· SCS configuration
· At least cover following cases:
· FDD 15 kHz + FDD 15 kHz 
· TDD 30 kHz + TDD 30 kHz
· FDD 15 kHz + TDD 30 kHz
· HARQ process
· Reuse HARQ process number and k1 values for HST CA requirements as in normal CA requirements
· Add 1 dB margin to all CA requirements for HST-SFN JT similar to single carrier requirements
· Applicability rule for PCell configuration
· Use same applicability rule for Pcell configuration for HST CA requirements as in normal CA requirements



The open issues related to requirements for CA:
· Transmission schemes
· FFS whether to define HST CA requirements for DPS transmission scheme (with one active TCI state and/or two active TCI states)
· SCS configuration
· FFS whether following need to be included or not:
· FDD 15 kHz + TDD 15 kHz CA
· TDD 15 kHz + TDD 30 kHz CA
· Applicability rule for SCS configuration
· FFS whether reuse CA CQI applicability rule on CA duplex modes for testing: If UE supports both FDD 15 kHz + TDD 30 kHz and FDD 15 kHz + FDD 15 kHz CA duplex modes, apply requirements only to the first one

In RAN#91e the WID for the WI was updated to include the CA requirements in HST-DPS will also be included. HST-DPS for single carrier requirements has requirements with UE supporting single TCI state and two or more active TCI states. In order to reduce the workload, we propose to only consider one of the test cases for CA requirements and not both. Since the testcase with 1 active TCI state is not subject to additional UE capability, we propose to introduce only requirements for CA with 1 active TCI state.
Proposal #1: Introduce requirements for CA for HST-DPS with one active TCI state only. 
In the revised WID [2], it was also included that applicability rules shall be defined. For the applicability rule, if UE is capable of handling demodulation in HST-SFN JT, then it should only be tested for CA requirements for HST-SFN JT, otherwise it should be tested for CA requirements for HST-DPS. 
Proposal #2: Define applicability rule for CA requirements in HST scenario as - If UE supports demodulationEnhancement-r16, only HST-SFN JT requirements shall apply, otherwise HST-DPS requirements shall apply for CA.
On additional SCS configurations for CA case, the agreed SCS combinations cover most deployments and we don’t see the necessity to introduce FDD 15KHz + TDD 15KHz CA and TDD 15 kHz + TDD 30 kHz CA.
Proposal #3: Do not introduce requirements in HST for FDD 15KHz + TDD 15KHz CA and TDD 15 kHz + TDD 30 kHz CA.
For HST CA test cases the same applicability rule on CA duplex modes as CA CQI can be used to reduce the testing burden.
Proposal #4: Use same applicability rule on CA duplex mode for HST CA as CA CQI requirements. 
Channel Model for HST-DPS
In Rel-16 under HST WI PDSCH demodulation requirements were introduced for HST-SFN JT and HST-DPS transmission. The channel model and deployment parameters are captured in TS 38.101-4, Annex B. 
Table 1: Deployment parameters for HST Scenarios
	Table B.3.2-1: HST-SFN scenario
	Parameter
	Value

	

	700 m

	

	150 m

	

	500 km/h

	

	870 Hz for 15 kHz SCS test;
1667 Hz for 30 kHz SCS test



	Table B.3.2-1: HST-DPS scenario
	Parameter
	Value

	

	700 m

	

	150 m

	

	500 km/h

	

	870 Hz for 15 kHz SCS test;
1667 Hz for 30 kHz SCS test






The deployment parameters for both HST-SFN JT and HST-DPS are the same. Also, the visibility of the RRH for HST-DPS is within -Ds/2 to Ds/2 of the RRH and for HST-SFN JT it is -2Ds to 2Ds. 
The relative power and path delay from each RRH is time varying based on the train position for HST-SFN-JT channel model, whereas for HST-DPS the path power is 0dB and delay is 0. Given the distances between the RRH and distance between track and RRH are the same for both scenarios, it is impractical to assume the same power and 0 delay for HST-DPS irrespective of the train position. There would be some path-loss that needs to be modeled based on the train position, as it would be optimistic to assume same signal power for 700m. 
Observation #1: The deployment parameters for HST-SFN JT and HST-DPS are the same, yet HST-DPS doesn’t consider time varying path power or delay.
We evaluated the performance for HST-DPS with the existing channel model and also a modified channel model that considers non-zero path delay and a time varying path power -varying from 0 to -3dB from center of RRH to mid-point between RRHs. 
Table 2: Performance in HST-DPS with modified channel model
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	10 / 15
	64QAM, 0.43
	HST-DPS
	1
	2x2
	70
	10.96

	10 / 15
	64QAM, 0.43
	 HST-DPS-Mod
	1
	2x2
	70
	13.0



We observe about 2dB performance degradation with a more practical channel model.
Observation #2: With modified channel model for HST-DPS with time varying path power or delay, we observe 2dB degradation in performance for 2x2.
Also, the current channel model for HST-DPS assumes visibility of single RRH at a time.  The signals are transmitted as: SSB # (k mod 2) , CSI-RS (for tracking) resource set # ((k mod 2) + 1) and CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3) are transmitted by kth RRH. With the current visibility, the UE cannot measure and report L1-RSRP for signals from RRHk+1 while in the vicinity of RRHk. It also will not be able to track the TRS from RRHk+1 prior to TCI state switch if supports 2 active TCI states. Also, PDCCH and PDSCH from RRHk is only received within -Ds/2 to Ds/2 of the RRH, whereas SSB, CSI-RS from tracking and CSI acquisition should have larger visibility. 
Observation #3: For HST-DPS the visibility is 1 RRH and UE will not be able to measure L1-RSRP or track TRS from next RRH prior to TCI state switch.
Based on the observations above, we need to further discuss if the current channel model is practical for HST-DPS and also how to update it to capture practical deployment aspects.
Proposal #5: RAN4 further evaluates if HST-DPS channel model is practical in actual deployment and update the channel model if necessary. 
Simulation results for HST-SFN JT
For the simulation parameters agreed in [1], we present for different CBW for FDD and TDD duplex modes. 
Table 3: Simulation Results for FDD 2x2 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition 
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	5 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-2
	15 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-3
	20 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-4
	25 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-5
	30 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-6
	40 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	

	1-7
	50 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	70
	



Table 4: Simulation Results for TDD 2x2 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	TDD UL-DL pattern
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	5 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-2
	10 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-3
	15 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-4
	20 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-5
	25 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-6
	30 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-7
	50 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-8
	60 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-9
	80 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-0
	90 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	

	1-11
	100 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	70
	



Table 5: Simulation Results for FDD 2x4 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition 
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	5 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-2
	15 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-3
	20 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-4
	25 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-5
	30 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-6
	40 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	

	1-7
	50 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	70
	



Table 6: Simulation Results for TDD 2x4 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	TDD UL-DL pattern
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	5 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-2
	10 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-3
	15 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-4
	20 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-5
	25 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-6
	30 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-7
	50 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-8
	60 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-9
	80 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-0
	90 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	

	1-11
	100 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	70
	




3. Conclusion
In this paper, we provide our views on the remaining open issues CA requirements for HST scenarios and also the HST-DPS channel model. Our observations and proposals are captured below:
Proposal #1: Introduce requirements for CA for HST-DPS with one active TCI state only. 
Proposal #2: Define applicability rule for CA requirements in HST scenario as - If UE supports demodulationEnhancement-r16, only HST-SFN JT requirements shall apply, otherwise HST-DPS requirements shall apply for CA.
Proposal #3: Do not introduce requirements in HST for FDD 15KHz + TDD 15KHz CA and TDD 15 kHz + TDD 30 kHz CA.
Proposal #4: Use same applicability rule on CA duplex mode for HST CA as CA CQI requirements. 
Channel Model for HST-DPS
Observation #1: The deployment parameters for HST-SFN JT and HST-DPS are the same, yet HST-DPS doesn’t consider time varying path power or delay.
Observation #2: With modified channel model for HST-DPS with time varying path power or delay, we observe 2dB degradation in performance for 2x2.
Observation #3: For HST-DPS the visibility is 1 RRH and UE will not be able to measure L1-RSRP or track TRS from next RRH prior to TCI state switch.
Proposal #5: RAN4 further evaluates if HST-DPS channel model is practical in actual deployment and update the channel model if necessary. 
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