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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]It was agreed in RAN#84 for the working item on NR support for high speed train scenario [1]:
	Objective of SI or Core part WI or Testing part WI:
· Investigate and specify the following scenarios: 
· NR SA single carrier scenario.
· Study the EN-DC scenario considering the LTE HST performance.
· The channel model: 
· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.
· HST single tap channel model 
· Other channel models are not precluded
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· The carrier frequency is up to 3.6GHz covering both TDD and FDD.
· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.
· …
Objective of Performance part WI:
…
· Specify the UE demodulation requirements and test cases for NR PDSCH 
· Other requirements are not precluded if needed. 
…


In this document, we’d like raise the discussion on NR-HST deployment and corresponding channel model. Some proposals for simulation assumptions on PDSCH demodulation test are also provided. 
2	Considerations on NR-HST deployment and channel model
The single tap channel model has been already agreed in [2] for R15 HST. Further, it was captured in [1] that the SFN scenario should be discussed in this WI. 
It has been well discussed in LTE R14 about the HST-SFN channel model. Figure 1 shows the deployment where multiple RRHs are connected to the same eNB and therefore share same cell ID. The resulting 4-tap channel model captured the characteristic of Doppler shift, delay, and power trajectories of the paths from different RRHs. Furthermore, in early NR HST deployment, it is very likely gNB will be co-located with LTE eNB for quick launch. In this regard, it is sensible to reuse the LTE 4-tap channel model as a baseline for PDSCH demodulation tests. 


[bookmark: _Ref15898986]Figure 1. Deployment of HST-SFN (defined in B.3A of 36.101)
Proposal 1: For NR HST-SFN, reuse the RRH deployment and corresponding 4-tap channel models applied in LTE HST-SFN as the baseline for DEMOD performance requirement. 
Note that this does not preclude the possibility NR could deploy HST with different topology or incorporate with certain beamforming scheme. The 4-tap channel model may not be applicable in this case. Some other channel model (ex. geometric channel model defined in 38.901) could be considered and further studied.
3	Simulation assumption for PDSCH demodulation  
In RAN4#90bis, it has been agreed about the simulation assumptions for single-tap HST channel model [2]. TRS with periodicity of 10ms is assumed for better time/frequency synchronization; while 2 additional DMRS symbols was adopted for better channel estimation quality. We believe the same configuration should be applied as well in the case of HST-SFN.  
Proposal 2: Consider following configuration for HST-SFN PDSCH DEMOD tests 
· DMRS configuration: Type 1, Single symbol, 2 additional DMRS
· TRS configuration: 10ms, 2 slots, offset 1

On the other hand, R15 single-tap HST model PDSCH demodulation tests only considered rank 1 and low-to-moderate MCS for evaluation. This provides a baseline test and conservative setting that is easier to achieve. The resulting throughput, however, may not be easy to meet IMT-2020 requirement for DL experience data rate as 50Mbps with mobility up to 500km/hr [3]. 
In this regard, we conducted some evaluations to investigate the maximum achievable throughput under the 4-tap HST-SFN channel, as shown by the topology in Figure 2.1.  In order to simplify the test and eliminate the estimation error of CSI, the throughput of each location is maximized by sweeping a set of MCS and rank values at SNR of each location. According to the suggested SNR range in [4], we consider two extreme positions for our test: 7~16dB for a Position A (right below RRH) and -1~7dB for Position F (between two RRH). More simulation parameters are captured in Appendix. 
	[image: ]


Figure 2.1 4-tap HST model
The simulation results in Figure 2.2~2.5 shows the maximum Tput under 3.5GHz and mobility 500km/h (Maximum Doppler shift = 1620Hz). The corresponding best MCS is listed on the following figures. We observe that for 2RX cases, Tput of rank 2 is better than that of rank 1 in both A and F position. For 4RX cases, rank 4 can achieve the best Tput in position A. But in position F, rank 2 provides best Tput mostly under the considered SNR range with adequate MCS. 
Moreover, it is observed that Tput (and the corresponding rank/MCS) can be quite different in Position A and Position F, even under the same SNR. This could be also the case in real network deployment, where UE’s CSI feedback takes effect. Therefore it may not be practical to fix a rank/MCS throughout the whole traverse of RRH1 to RRH4 in a test. It’s more appropriate to define different positions for PDSCH FRC tests. 
Proposal 3: For PDSCH FRC test in HST-SFN:
· Properly define the rank/MCS for different UE positions throughout the test
· Consider PDSCH with rank up to 2/4 for 2RX/4RX test, respectively  
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Figure 2.2 Maximum Tput with different rank and MCS number (Position A and 2RX case)
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Figure 2.3 Maximum Tput with different rank and MCS number (Position F and 2RX case)
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Figure 2.4 Maximum Tput with different rank and MCS number (Position A and 4RX case)
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Figure 2.5 Maximum Tput with different rank and MCS number (Position F and 4RX case)

4	Conclusions
In the contribution, we raise the discussion on the simulation assumptions for PDSCH demodulation test under NR-HST with following proposals:
Proposal 1: For NR HST-SFN, reuse the RRH deployment and corresponding 4-tap channel models applied in LTE HST-SFN as the baseline for DEMOD performance requirement. 
Proposal 2: Consider following configuration for HST-SFN PDSCH DEMOD tests 
· DMRS configuration: Type 1, Single symbol, 2 additional DMRS
· TRS configuration: 10ms, 2 slots, offset 1

Proposal 3: For PDSCH FRC test in HST-SFN:
· Properly define the rank/MCS for different UE positions throughout the test
· Consider PDSCH with rank up to 2/4 for 2RX/4RX test, respectively  
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Appendix 
Table A.1 The setting of four tap HST model
	Parameter
	Setting

	Ds
	720 m

	Dmin
	120 m

	v
	500 km/h

	fd
	1620 Hz




Table A.2 PDSCH four tap HST test case parameter
	Parameter
	Setting

	Channel bandwidth and SCS
	FDD: 20 MHz, SCS 30 kHz

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	DMRS configuration
	Type 1, Single symbol, 2 additional DMRS

	TRS configuration
	10ms, 2 slots, offset 1

	PDSCH precoding
	Random precoding with freq. domain bundle 4

	PDSCH MCS/Rank
	Choose MCS/Rank with max Tput for each SNR in Position A and Position F
Rank  {1, 2, 4}, MCS  {0~28}
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