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1	Introduction
RAN4#98 agreed with the way forward on HST deployment scenario in FR2 [1]. This contribution discusses the open issues related to UE demodulation requirements, i.e., the maximum supported speed and transmission schemes.
2	Discussion
2.1	Maximum supported speed
	· Numerology considered for maximum supported speed: 
· For FR2 HST evaluations and possible performance requirements definition: 
· Only consider 120kHz SCS as baseline assumption. 
· FFS the maximum supported speed from DL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· [bookmark: _Hlk66713011]Option-1: TRS (4 symbol interval)
· Option-2: DMRS (1+1+1)
· Option-3: TRS + PT-RS (1 and 2 symbol interval)
· FFS the maximum supported speed from UL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· Option-1: DM-RS (1+1+1) only
· Option-2: PT-RS (1 or 2 or 4) + DMRS
· Option-3: PT-RS (1 or 2 or 4)
· FFS under bi- and uni-directional deployment. 
· FFS the possible higher supported speed for uni-directional deployment.
· FFS Frequency error of +/-0.1ppm should be taken into consideration for both UL and DL.
· RAN4 shall check the maximum supportable speed from demodulation perspective and accordingly the possible enhancement:
· Candidate maximum speed values to be evaluated:
· 260kmph
· 350kmph 
· Other options if identified.



Reference signal for frequency offset tracking
RAN4 assumed to use TRS for frequency tracking considering the real deployment scenario where UE is located in the multi-path fading environment. In such a condition, UE need to perform channel analysis such as delay spread estimation and maximum Doppler frequency estimation. In FR2 HST WI, we are mainly discussing the single path scenario, however in the real network environment, we think UE should be in the multi-path fading environment. It is also important to note that DMRS and PT-RS are transmitted only when PDSCH is scheduled. We therefore prefer to use TRS (4 symbol interval) for frequency offset tracking.
Proposal 1: Assume UE uses TRS (4 symbol interval) for frequency offset tracking.
If FR2 HST UE uses TRS for frequency offset tracking, UE can estimate the Doppler shift up to 1/((4/14)*0.125e-3)/2 = 14,000Hz, because of 4 symbols interval of tracking reference symbol with SCS=120kHz where the symbol duration is (1/14)*0.125 (ms). If we consider the frequency error of 0.1ppm, then the maximum Doppler frequency becomes 11,000Hz (= 1/((4/14)*0.125e-3)/2 – 0.1e-6 * 30e9).
Observation 1: Maximum Doppler frequency based on TRS is 14,000Hz if we don’t assume frequency error.
Observation 2: Maximum Doppler frequency based on TRS is 11,000Hz if we assume frequency error of 0.1ppm at 30GHz. 

Maximum supportable speed from demodulation perspective
Table 1 summarizes the maximum Doppler frequency per UE speed according to the carrier frequency. Since the target carrier frequency is up to 30GHz according to the objective of WID [2], Table 1 lists the maximum Doppler frequency with the carrier frequencies of 26GHz, 28GHz, and 30GHz.  
[bookmark: _Ref66974368]Table 1	Maximum Doppler frequency options in FR2.
	UE speed 
	26 GHz
	28 GHz
	30GHz

	260 km/h
	6259 Hz
	6740 Hz
	7222 Hz

	350 km/h
	8425 Hz
	9074 Hz
	9722 Hz



We have studied the PDSCH demodulation performance impact due to different maximum Doppler frequency with different DMRS configurations based on WF [1]. The detailed parameters are shown in Appendix. For the propagation channel condition, we used the HST single tap models for unidirectional condition [3] and bidirectional condition (TS38.101-4 B.3.1). We also studied the performance with multi-path fading channel model with TDLA30. 
Figure 1 shows the PDSCH simulation results with the unidirectional HST single tap in Scenario B (Ds=700m, Dmin=150m) with DMRS configurations 1+1 and 1+1+1. Figure 2 and Figure 3 show the PDSCH simulation results with the bidirectional HST single tap in Scenario A (Ds=700m, Dmin=10m) and Scenario B, respectively. Note these simulation results assume UE does not perform the frequency offset compensation, that is, UE compensates the phase shift by using DMRS only. Figure 4 shows the Doppler shift trajectory for each channel model for information. 
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	(a) DMRS configuration 1+1
	(b) DMRS configuration 1+1+1


Figure 1	HST single tap with unidirectional deployment (Scenario B: Ds=700m, Dmin=150m, 350km/h, =1.0) without frequency offset compensation.
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	(a) DMRS configuration 1+1
	(b) DMRS configuration 1+1+1


Figure 2	HST single tap with bidirectional deployment (Scenario A: Ds=700m, Dmin=10m, 350km/h) without frequency offset compensation.
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	(a) DMRS configuration 1+1
	(b) DMRS configuration 1+1+1


Figure 3	HST single tap with bidirectional deployment (Scenario B: Ds=700m, Dmin=150m, 350km/h) without frequency offset compensation. 

[image: ]
Figure 4	Example of the Doppler shift trajectory with bidirectional/unidirectional deployment condition (fmax=1000Hz). 

It is observed from the simulation results that the maximum throughput is achieved with the maximum Doppler shift up to 12,000Hz regardless of the HST single tap parameters. 
According to the DPSCH demodulation parameters in the WF [1], RAN4 assumes PDSCH mapping Type A and DMRS type 1. In the case of DMRS configuration 1+1, the DMRS symbols are transmitted in l=2 and l=11 according to the TS38.211, which means the symbol duration is larger than the symbol duration for TRS. If we assume DMRS configuration 1+1+1, the symbol duration where DMRS is transmitted in l=2, l=7, and l=11, which is close to the symbol duration for TRS. 
Our simulation results also show the performance difference between DMRS configurations 1+1 and 1+1+1. If we compare (a) and (b) in Figure 1, Figure 2, and Figure 3, it is observed that the DMRS configuration 1+1+1 shows slight better performance compared with 1+1, as the maximum Doppler shift is larger. 
The benefit of DMRS 1+1+1 is even clearer in the case of the fading channel. Figure 5 shows the simulation results with TDLA30 multi-path fading channel and it shows the benefit of DMRS configuration 1+1+1. As it is observed from the simulation results, the peak rate can be reached with the maximum Doppler frequency up to 8000Hz if DMRS is configured with 1+1+1, although the maximum Doppler frequency becomes 4000Hz if we configure DMRS as 1+1. 
Observation 3: Considering the maximum throughput achievement, the maximum Doppler shift can be set up to about 12,000Hz for FR2 with SCS=120kHz if we configure DMRS 1+1+1 with the assumption UE does not perform frequency offset compensation. 
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	(a) DMRS configuration 1+1
	(b) DMRS configuration 1+1+1


Figure 5	Simulation results with TDLA30.

So far, we assumed that UE does not perform the frequency offset compensation. But if we assume UE can perform the frequency offset compensation before the demodulation, not so many DMRS symbols are required. Figure 6 shows the simulation results with one DMRS (no additional DMRS symbols) for HST single tap Scenario A but we assume UE performs the frequency offset compensation. Here we assume the Doppler shift is estimated from TRS. As it is observed from the simulation results, UE can achieve the peak rate with maximum Doppler shift up to 12000Hz even with one DMRS symbols. 
Observation 4: Considering the maximum throughput achievement, the maximum Doppler shift can be set up to about 12,000Hz for FR2 with SCS=120kHz even if we configure no additional DMRS symbols with the assumption UE performs frequency offset compensation. 
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[bookmark: _Ref67948826]Figure 6	HST single tap with bidirectional deployment (Scenario A: Ds=700m, Dmin=10m, 350km/h) with frequency offset compensation.

As we discussed for a couple of meetings, FR2 HST assumes the dedicated network deployment scenario and dedicated UEs mounted on the train. For such a UE, we think it is feasible to define PDSCH demodulation requirements with single DMRS configuration at least for Scenario A because RAN4 agreed that the single-tap can be assumed for a single TX-RX link at least for Scenario A [1]. We should also point out no addition DMRS symbols configuration reduces the DRMS overhead significantly compared with 2 additional DMRS configuration, which increases the UE peak rate. 
Proposal 2: Assume DMRS configuration with 1+1+1 for UE demodulation requirements. 
Proposal 3: Assume also DMRS configuration without additional DMRS symbols for single tap scenario.  
Based on our simulation results above, it is observed that it is possible to support the UE speed of 350km/h at the carrier frequency of 30GHz. 
Proposal 4: Set the maximum Doppler shift for PDSCH demodulation requirements for HST FR2 by assuming the UE speed of 350km/h at the carrier frequency of 30GHz.

2.2	Transmission scheme
RAN4 are discussing the transmission schemes used for UE demodulation requirements in HST FR2, and the candidate transmission schemes are HST-SFN joint transmission and Dynamic point selection (DPS) [1].
	Transmission Scheme Clarification: ​
· Clarification for different transmission schemes: ​
· Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH) – Full SFN;​
· Dynamic Point Selection (DPS) – based on Rel-15 beam management; ​
· Multi-DCI based Multi-TRP Transmission – based on Rel-16 eMIMO.​
· For transmission scheme to be discussed in FR2 HST: ​
· FR2 HST transmission schemes which are not compatible with Rel-15/16 NR shall be precluded in FR2 HST WI discussion. ​
· For Joint transmission (JT) used for FR2 HST, only full SFN (i.e., Joint Transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH, etc.)) is considered in Rel-17 FR2 HST WI. ​
· Multi-DCI based multi-TRP transmission is precluded from Rel-17 FR2 HST.



Although it is assumed the FR2 HST UEs have two Rx panels and it can receive signals from two RRHs simultaneously, it is important to ensure the maximum reception timing difference between two RRHs is within a CP, because UE is assumed to use single FFT receiver.
Table 2 summarizes the maximum reception timing difference between two RRHs for Scenarios A and B. Since we assume SCS=120kHz for FR2 HST scenario, the CP length is 0.59us. This means the reception difference between two RRHs exceeds the CP regardless of Scenarios A and B. 
[bookmark: _Ref66717277]Table 2	Maximum reception timing difference between two RRHs.
	Scenario
	Ds (meter)
	Dmin (meter)
	Max reception difference between two RRHs

	A
	700
	10
	2.30us

	B
	700
	150
	1.88us



Observation 5: Reception difference between two RRHs exceeds the CP with SCS=120kHz for both Scenarios A and B in the case of HST-SFN joint transmission. 
We therefore propose not to assume UE receive PDSCH from two or more RRHs simultaneously for UE demodulation requirements. However if RAN4 don’t preclude the multiple FFT receiver for FR2 HST UEs, we are open to define the PDSCH demodulation requirements for joint transmission. 
Proposal 5: For FR2 HST UE demodulation requirements, RAN4 should define the PDSCH demodulation requirements with the assumption UE receives PDSCH only from one RRH, e.g., HST single tap, multi-path fading (TDL), or HST-DPS, with the assumption of single FFT receiver. 
Proposal 6: RAN4 discuss whether to define PDSCH demodulation requirements for joint transmission assuming UE is capable of multiple FFT receiver. 
3	Summary
Proposal 1: Assume UE uses TRS (4 symbol interval) for frequency offset tracking.
Observation 1: Maximum Doppler frequency based on TRS is 14,000Hz if we don’t assume frequency error.
Observation 2: Maximum Doppler frequency based on TRS is 11,000Hz if we assume frequency error of 0.1ppm at 30GHz. 
Observation 3: Considering the maximum throughput achievement, the maximum Doppler shift can be set up to about 12,000Hz for FR2 with SCS=120kHz if we configure DMRS 1+1+1 with the assumption UE does not perform frequency offset compensation. 
Observation 4: Considering the maximum throughput achievement, the maximum Doppler shift can be set up to about 12,000Hz for FR2 with SCS=120kHz even if we configure no additional DMRS symbols with the assumption UE performs frequency offset compensation. 
Proposal 2: Assume DMRS configuration with 1+1+1 for UE demodulation requirements. 
Proposal 3: Assume also DMRS configuration without additional DMRS symbols for single tap scenario.  
Proposal 4: Set the maximum Doppler shift for PDSCH demodulation requirements for HST FR2 by assuming the UE speed of 350km/h at the carrier frequency of 30GHz.
Observation 5: Reception difference between two RRHs exceeds the CP with SCS=120kHz for both Scenarios A and B in the case of HST-SFN joint transmission. 
Proposal 5: For FR2 HST UE demodulation requirements, RAN4 should define the PDSCH demodulation requirements with the assumption UE receives PDSCH only from one RRH, e.g., HST single tap, multi-path fading (TDL), or HST-DPS, with the assumption of single FFT receiver. 
Proposal 6: RAN4 discuss whether to define PDSCH demodulation requirements for joint transmission assuming UE is capable of multiple FFT receiver. 
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Appendix	PDSCH demodulation parameters

	Parameter
	Unit
	Value

	CBW and SCS
	 
	120kHz, 100MHz (66PRB)

	Duplex mode
	 
	TDD

	TDD pattern
	 
	3D1S1U (FR2.120-1)
  S=10D:2G:2U

	Active DL BWP index
	 
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	 
	6 for CSI-RS resource 1 and 3
10 for CSI-RS resource 2 and 4 

	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4

	
	CSI-RS periodicity
	Slots
	80 (10ms)

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	 
	 
1/AL8

	PDSCH configuration
	Mapping type
	 
	Type A

	
	k0
	 
	0

	
	Starting symbol (S) 
	 
	1

	
	Length (L)
	 
	13

	
	PDSCH aggregation factor
	 
	1

	
	PRB bundling type
	 
	Static

	
	PRB bundling size
	 
	2

	
	Resource allocation type
	 
	Type 0

	
	RBG size
	 
	Config2

	
	VRB-to-PRB mapping type
	 
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	 
	N/A

	PDSCH DMRS configuration
	DMRS Type
	 
	Type 1

	
	Number of additional DMRS
	 
	Option 1: 1
Option 2: 2
Option3: 0

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	 
	1

	Propagation channel
	 
	Uni-directional: Derived based on agreed deployment scenario.
Bi-directional: Single-Tap channel in TS38.101-4 B.3 but updated parameters.

	Antenna configuration
	 
	2x2 ULA Low Correlation

	Number of MIMO layers
	 
	1

	MCS
	 
	Option 1: 16QAM 0.5 (MCS 13 with Table 1)
Other options are not excluded
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