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1	Introduction
RAN4#95-e agreed to define PDSCH demodulation requirements with dynamic point switching for HST condition [1]. 
	Whether to define new requirements and tests for DPS transmission scheme​
· Introduce test cases for DPS transmission schemes 1a; FFS for 1b ​
· Define RAN4 requirements with the assumption of frequency tracking up to UE implementation. ​
· In test cases, TCI states is known to UE (FFS for detailed test case set-up)
· FFS for test applicable rule among 1a/[1b] with HST-SFN requirements ​



We discuss the detailed test setup for HST-DPS and show the initial simulation results. We also discuss the applicability rule.
2	Discussion
2.1	Test setup
Channel model
[image: ]
[bookmark: _Ref46252809]Figure 1	Example of PDCCH/PDSCH transmission with HST-DPS.
Figure 1 illustrates an example of the scenario for PDSCH demodulation requirements with HST-DPS. In our understanding, the dynamic point switching (DPS) discussed in Rel-16 NR HST WI is one of the transmission schemes under SFN (single frequency network) deployment, where all the transmission points (TRPs or TPs) are synchronized. 
In HST WI, RAN4 are discussing the PDSCH demodulation requirements with HST-SFN, where 4 TRPs transmit the same PDCCH/PDSCH simultaneously (joint transmission, JT). For HST-DPS transmission scheme, on the other hand, it is assumed gNB transmits PDCCH/PDSCH only from one TRP closest to the UE.
[bookmark: _Hlk46316106]Similar to HST-SFN, TRPs in HST-DPS are deployed along the railway track with the same distance (inter-TRP distance), where inter-TRP distance is given by Ds (m) and distance between TRP and railway track is given by Dmin (m). 
By reusing the HST-SFN channel model specified in TS36.101 B.3A, the location of TRP k is given by:

Where the origin is the initial train location, , and . The train location is denoted as:

Where  and  means distance in meters, which means the train is right on the rail track.
The HST-DPS scenario for the test of baseband performance is a non fading propagation channel with one tap, namely only one nearest TRP. This TRP k is visible for the train in the range:

Doppler shift  (Hz) from k-th TRP is given by

In the above, v (m/s) is the moving speed of the train, fc (Hz) is the carrier frequency, and C (m/s) is the velocity of light. 
Figure 2 shows the example of Doppler shift with Ds=1000m, Dmin=50m, v=350km/h and fc=2.7GHz. It is observed from the channel model is that it is enough to assume two TRPs for HST-DPS scenario. 
Proposal 1: Assume two TRPs for HST-DPS transmission scenario. 
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[bookmark: _Ref46255692]Figure 2	Example of Doppler shift (Ds=1000m, Dmin=50m, v=350km/h, fc=2.7GHz)

TCI configuration
For SFN JT discussed in Rel-16 HST WI, RAN4 assumes gNB configures one TCI state for PDCCH/PDSCH although Doppler shift and average gain are different per TRP. For HST-DPS, on the other hand, UE receives PDCCH/PDSCH only from one TRP. Theoretically it is enough to configure one TRS and it is transmitted only from the visible TRP k. However in the real deployment, the gNB always transmits different TRS per TRP. We therefore propose to configure two TRS in HST-DPS, i.e., TRS#0 from TRP#(2k) and TRP#1 from odd TRP#(2k+1), where k=0, 1, 2, … 
Figure 3 shows an example of TCI configuration for HST-DPS, where SSB#0 is transmitted from TRP#(2k), and both TRS#0 and TRP#1 are configured as QCLed with SSB#0. HST-DPS scenario configures 2 TCI states for each TRS (TCI#1 and TCI#2). During the test, TE switches TCI depends on the UE location (a in Figure 1). 
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[bookmark: _Ref46256909]Figure 3	TCI configuration for HST-DPS. 

TCI switching time
RAN4 discussed the TCI switching is based on MAC-CE, and it is assumed PDCCH/PDSCH is DTXed during the TCI switching period. According to TS38.133 8.10.3, MAC-CE based TCI state switch delay depends on the condition. For example, if UE knows the activated TCI, the switching delay is THARQ + 3 ms. If UE does not know the new TCI, the TCI state switch delay becomes longer because UE needs to find SSB and perform L1-RSRP according to TS38.133.
Observation 1: for HST-DPS tests, TCI should be known if the TCI state switch delay to be ensured as (THARQ + 3ms).
According to TS 38.133 8.10.2, it is specified the condition of know TCI states, i.e.,
	· During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
· TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement
· The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
· The TCI state remains detectable during the TCI state switching period
· The SSB associated with the TCI state remain detectable during the TCI switching period
· SNR of the TCI state ≥ -3dB



In order the new TCI state to be ‘known’, we need to configure NZP-CSI-RS for each TCI#1 and TCI#2 for CSI reporting (CRI/L1-RSRP) as shown in Figure 3 and also configure the periodic CRI/L1-RSRP reporting during the tests.
Proposal 2: Configure NZP-CSI-RS for TCI#1 and TCI#2. 
Proposal 3: Configure periodic CSI reporting where UE reports CRI/L1-RSRP. 
After the gNB switches TCI, UE is going to perform channel analysis with TRS transmitted from the new TRP (TCI). This means gNB should schedule PDSCH after the UE reads the first TRS from the new TRP. We therefore propose that PDSCH is DTXed from the time gNB indicates MAC CE TCI state switch to the time UE receives the first TRS from the new TRP.   
Proposal 4: PDCCH/PDSCH are DTXed from the time gNB indicates MAC CE TCI state switch to the time UE receive the first TRS from the new TRP. 

2.2	Simulation results
This section shows our initial simulation results based on the parameters in Table 1. The detailed configuration is listed in Appendix. For channel model parameters, we reused the HST-SFN scenario. 
[bookmark: _Ref46258300]Table 1	Test parameters for HST-DPS. 
	[bookmark: _Hlk46315911]Parameters​
	Values​

	Antenna configuration​
	2x2, 2x4​

	DMRS type​
	Type 1​

	Number of DMRS symbols​
	1+1+1​

	TDD pattern​
	7D1S2U, S=6D:4G:4U​
[PDSCH is scheduled in the special slots] 

	MCS (64QAM table)
	MCS 13 (rank 2) (cf. HST-SFN), 
MCS 17 (rank 1 or rank 2) (cf. HST single tap)​

	TRS periodicity​
	10ms, 2 slot pattern​

	PDSCH mapping​
	Type A, Start symbol 2, Duration 12​

	Ds and Dmin​
	Ds=700m, Dmin=150m​

	Rank ​
	2​

	BW/SCS​
	10MHz/15kHz for FDD, 40MHz/30kHz for TDD​

	Maximum Doppler shift​
	870Hz for FDD, 1667Hz for TDD​



[image: ][image: ]
	(a) PDSCH with HST-DPS (2Rx)
	(b) PDSCH with HST-DPS (4Rx)


[bookmark: _Ref47561278]Figure 4	Initial simulation results for HST-DPS. 
Figure 4 shows our simulation result for HST-DPS according to Table 1. For reference we also put our simulation results for HST single tap. It is observed from our simulation result that HST-DPS performance is very similar to HST single tap if we use the same MCS/Rank and Doppler shift. This means PDSCH can be scheduled in the special slot. On the other hand HST single tap assumes rank 1 because it uses 1Tx. Since we can assume 2Tx for HST-DPS, and HST-DPS is based on HST-SFN deployment, we propose to reuse HST-SFN setting. 
Proposal 5: Set MCS13/Rank2 for HST-DPS.
Proposal 6: Set the following channel model parameters for HST-DPS scenario:
· Ds=700ms
· Dmin=150m
· Max Doppler shift for FDD to 870Hz (350km/h at fc=2.7GHz)
· Max Doppler shift for TDD to 1667Hz (500km/h at fc=3.6GHz)
Proposal 7: Schedule PDSCH in TDD special slots.

2.3	Applicability rule
Since the channel model for HST-DPS is the special case of HST-SFN (only one TRP is visible), it is natural to consider UE should pass HST-DPS test if UE can pass HST-SFN test. 
Proposal 8: UE can skip HST-DPS test if UE can pass HST-SFN test. 
Since the HST-DPS test setup is based on Rel-15 features, HST-DPS test can be release independent like HST single tap or fading channel test defined in Rel-16 HST WI.
Proposal 9: HST-DPS test is release independent from Rel-15. 
3	Summary
Observation 1: for HST-DPS tests, TCI should be known if the TCI state switch delay to be ensured as (THARQ + 3ms).
Proposal 1: Assume two TRPs for HST-DPS transmission scenario. 
Proposal 2: Configure NZP-CSI-RS for TCI#1 and TCI#2. 
Proposal 3: Configure periodic CSI reporting where UE reports CRI/L1-RSRP. 
Proposal 4: PDCCH/PDSCH are DTXed from the time gNB indicates MAC CE TCI state switch to the time UE receive the first TRS from the new TRP. 
Proposal 5: Set MCS13/Rank2 for HST-DPS.
Proposal 6: Set the following channel model parameters for HST-DPS scenario:
· Ds=700ms
· Dmin=150m
· Max Doppler shift for FDD to 870Hz (350km/h at fc=2.7GHz)
· Max Doppler shift for TDD to 1667Hz (500km/h at fc=3.6GHz)
Proposal 7: Schedule PDSCH in TDD special slots.
Proposal 8: UE can skip HST-DPS test if UE can pass HST-SFN test. 
Proposal 9: HST-DPS test is release independent from Rel-15. 
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Appendix
	Duplex mode 
	FDD 
	TDD 

	TDD UL/DL configuration 
	N/A 
	FR1.30-1 (7DS2U, 6D+4G+4U) 

	 
	Common serving cell parameters 

	Physical Cell ID 
	0 

	SSB position in burst  
	First SSB in Slot #0 

	SSB periodicity  
	20ms 

	Transmit TRP of SSB 
	TRP#(2k)  

	 
	TRS#1 (configuration for TCI state #1) 

	Transmit TRP 
	TRP#(2k) 

	CSI-RS periodicity 
	10 slots 
	20 slots 

	CSI-RS offset 
	1 for CSI-RS resources 1 and 2 
2 for CSI-RS resources 3 and 4 
	1 for CSI-RS resources 1 and 2 
2 for CSI-RS resources 3 and 4 

	Density 
	3 
	3 

	First subcarrier index in the PRB used for CSI-RS 
	k0=0 
	k0=0 

	First OFDM symbol in the PRB used for CSI-RS 
	l0 = 6 for CSI-RS resources 1 and 3 
l0 = 10 for CSI-RS resources 2 and 4
	l0 = 6 for CSI-RS resources 1 and 3 
l0 = 10 for CSI-RS resources 2 and 4 

	QCL Info 
	TCI state #0 
	TCI state #0 

	 
	TRS#2 (configuration for TCI state #2) 

	Transmit TRP 
	TRP#(2k+1) 

	CSI-RS periodicity 
	10 slots 
	20 slots 

	CSI-RS offset 
	1 for CSI-RS resources 1 and 2 
2 for CSI-RS resources 3 and 4 
	1 for CSI-RS resources 1 and 2 
2 for CSI-RS resources 3 and 4 

	Density 
	3 
	3 

	First subcarrier index in the PRB used for CSI-RS 
	k0=1 (Baseline, Non-colliding) 
k0=0 (FFS, Colliding) 
	k0=1 (Baseline, Non-colliding) 
k0=0 (FFS, Colliding) 

	First OFDM symbol in the PRB used for CSI-RS 
	l0 = 6 for CSI-RS resources 1 and 3 
l0 = 10 for CSI-RS resources 2 and 4 
	l0 = 6 for CSI-RS resources 1 and 3 
l0 = 10 for CSI-RS resources 2 and 4 

	QCL Info 
	TCI state #0 
	TCI state #0 

	 
	TCI State configuration #0 

	Type 1 QCL information 
	SSB index #0, QCL type C 

	Type 2 QCL information 
	N/A 

	 
	TCI State configuration #1 

	Type 1 QCL information 
	CSI-RS resource: TRS#1, QCL type A 

	Type 2 QCL information 
	N/A 

	 
	TCI State configuration #2 

	Type 1 QCL information 
	CSI-RS resource: TRS#2, QCL type A 

	Type 2 QCL information 
	N/A 
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