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1. Introduction
In the RAN4 98e-bis meeting, several issues of reference signal for UL and DL were discussed but there are some issues open in the agreed WF[1] as below.
In this contribution, some discussion on reference signal for UL and DL in FR2 HST are provided.
2. Discussion
RS for PUSCH:
	DMRS+PTRS configuration for PUSCH demodulation requirement with single-tap channel model :
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 1+1 DMRS +PTRS (L=1,K=2) 
· Option 3: 1+1+1 DMRS+PTRS(L=1, K=2) 



In last meeting, the agreement[1] that it is feasible to support maximum speed with 350km for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120KHz SCS was reached. 
Reference signal configuration for PUSCH demodulation requirement was discussed but this issue is still open, there are three options for this open issue in WF[1].
in our understanding, the doppler frequency offset estimated by PTRS(L=1,K=2) can cover the max doppler offset in 30GHz carrier frequency with speed of 350km/h. 1 DMRS is enough to demodulation requirement and less overhead could get higher throughput.
Proposal 1: one DMRS is enough to demodulation requirement for PUSCH.
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RS for PDSCH:
	RS as baseline for frequency offset tracking to support 350km/h :
· Option 1: SSB+TRS
· Option 2: 
· SSB+TRS+PTRS for bi-directional deployment
· SSB+TRS for unidirectional deployment
· Option 3:Other options are not precluded

DMRS configuration for PDSCH demodulation requirement :
· Option 1: 1 DMRS
· Option 2: 1+1+1 DMRS



Because SSB and TRS are transmitted periodically, we assume UE perform frequency offset compensation before demodulation, there would be residual frequency offset(RFO) after frequency offset compensation in each SSB/TRS period. RFO is relate to the channel model, switching point, period of SSB/TRS.
It have not agreed whether channel model is used, we list the optional channel model in discussion of FR2 HST channel model[3] and analysis the doppler tracking trajectory for different channel with different switching point and different period of SSB.
The period of SSB can be configured to 5/10/20/40/80/120ms, the period of TRS can be configured to 10/20/40/80ms.we think the final RFO is decided by the short period RS if the RFO compensated by long period RS is within the estimation range of short period RS.
Table 1: FR2 HST deployment scenario
	Parameters
	Value

	
	Scenario-A
	Scenario-B

	Ds(m)
	700
	700

	Dmin(m)
	10
	150


Channel model for uni-directional RRH deployment:
· Single-tap propagation channel:
[image: ]
· DPS propagation channel
· UE move towards:
[image: ]
· UE move away:
[image: ]
Channel model for bi-directional RRH deployment:
· Modified single-tap propagation channel:
[image: ]
· DPS propagation channel
[image: ]
Table 2: value of maximum RFO
	Maximum RFO(Hz) under different period of RS
	Dmin=10m
	Dmin=150m

	
	10ms
	20ms
	40ms
	80ms
	120ms

	Uni- Single-tap channel
	846
	1761
	3429
	5874
	748

	Uni- DPS channel-move toward
	846
	1761
	3429
	5874
	748

	Uni- DPS channel-move away
	847
	1766
	3447
	5922
	748

	Bi- modified-Single-tap channel
	847
	1766
	3447
	5922
	748

	Bi- DPS channel
	0.02
	0.04
	0.08
	0.2
	44



Table 3: value of maximum RFO in different Ds_offset
	Maximum RFO(Hz)
	Dmin=10m，RS=120ms

	
	Ds_offset=Ds
	Ds_offset=Ds±0.1Ds

	Uni- DPS channel-move toward
	7287
	25(+0.1Ds)

	Uni- DPS channel-move away
	7355
	25(-0.1Ds)


The maximum doppler frequency offset is 9722Hz in 30GHz carrier frequency with 350km/h velocity, maximum doppler frequency offset estimated by SSB is 28000Hz, maximum doppler frequency offset estimated by TRS is 14000Hz, from table 3, the maximum RFO with 120ms RS period is within the estimation range of TRS. So it is feasible to use SSB+TRS for frequency offset tracking to support 350km/h.
Proposal 2 : It is feasible to use SSB+TRS for frequency offset tracking to support 350km/h


Tc is Coherence time ,fm is maximum frequencyoffset
Table 4 value of coherence time
	Coherence time(ms)
	Coherence time

	
	Dmin = 10m,
40ms period of RS
	Dmin = 150,
120ms period of RS

	Uni- Single-tap channel
	0.123
	0.565

	Uni- DPS channel-move toward
	0.123
	0.565

	Uni- DPS channel-move away
	0.122
	0.565

	Bi- modified-Single-tap channel
	0.122
	0.565

	Bi- DPS channel
	5287
	9.6



Duration of a slot with SCS 120KHz is 0.125ms, from the table 4, the coherence time in bi-directional DPS channel with 120ms SSB periodis much larger than a slot duration, the coherence time inothers channel in scenario-B with 120ms SSB period is also larger than a slot duration. 
The coherence time in another channel in scenario-A with 40ms SSB period is slight larger than a slot duration, so the coherence time would less than a slot duration in this deployment if SSB period larger than 40ms.
It would be no time selective fading in a slot when the coherence time larger than a slot duration, it means 1 DMRS is enough to demodulation.
Proposal 3 :TRS or SSB period <40ms  
Proposal 4 :one DMRS is enough to demodulation requirement for PDSCH based on Proposal 3.
3. Conclusion
In this contribution, we provide the view and analysis on discussion on reference signal for PUSCH and PDSCH in FR2 HST, based on these analysis, the following proposals are given:
Proposal 1 : one DMRS is enough to demodulation requirement for PUSCH.
Proposal 2 : Do not define a new HST network assisted signaling or UE capability for HST CA scenario
Proposal 3 : TRS or SSB period < 40ms  
Proposal 4 : one DMRS is enough to demodulation requirement for PDSCH based on Proposal 3.
4. Reference
R4-2106102 WF on Demodulation requirement for FR2 HST
R4-2106100 WF on FR2 HST Deployment Scenario Analysis
R4-2106101 Way Forward on Channel Modeling for FR2 HST
5. Appendix
The figure of Doppler trajectory and Doppler estimation trajectory with different period RS and Dmin, and the figure of RFO trajectory with different Dmin, in Uni-directional Single-tap channel are as follows.
6. [image: ]
[image: ][image: ]
The figure of Doppler trajectory and Doppler estimation trajectory with different period RS and Dmin and D_s_offset, and the figure of RFO trajectory with different Dmin and D_s_offset, in Uni-directional DPS move toward channel are as follows.
[image: ][image: ]
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The figure of Doppler trajectory and Doppler estimation trajectory with different period RS and Dmin and D_s_offset, and the figure of RFO trajectory with different Dmin and D_s_offset, in Uni-directional DPS move away channel are as follows.
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The figure of Doppler trajectory and Doppler estimation trajectory with different period RS and Dmin, and the figure of RFO trajectory with different Dmin, in Bi-directional modified Single-tap channel are as follows.
[image: ]
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The figure of Doppler trajectory and Doppler estimation trajectory with different period RS and Dmin, and the figure of RFO trajectory with different Dmin, in Bi-directional DPS channel are as follows.
[image: ]
[image: ][image: ]
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