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1	Introduction
RAN4#97-e agreed the work plan for the WI of enhancement for HST in FR1 [1]. According to the work plan, RAN4#98-e will discuss the enhanced transmission schemes for HST scenario as follows:
	Enhanced transmission schemes for NR HST demodulation
· Study whether to specify the PDSCH requirements for transmission scheme 2 (PDSCHs are transmitted from two or more adjacent TRPs scheduled by multi-DCI)



We show our view on the PDSCH demodulation requirements with enhanced transmission schemes in high speed scenario. 
2	Discussion
2.1	Assumption of Rel-16 HST-SFN requirements
In our understanding the motivation of this objective comes from the discussion in Rel-16 eMIMO and Rel-16 HST UE demodulation performance. In Rel-16 HST WI, RAN4 discussed the PDSCH demodulation requirements with the multi-DCI based PDSCH transmission (e.g. Scenario 3 in [2]), however it was not introduced because RAN1 discussed the multi-DCI based transmission scheme in Rel-16 eMIMO WI and RAN4 had to wait for the completion of the physical layer design.  
In Rel-16 HST WI, RAN4 specified two PDSCH demodulation requirements assuming HST-SFN deployment; HST-SFN (joint transmission) and HST-DPS. Figure 1 illustrates an example of PDSCH transmission in HST-SFN deployment, where all the visible RRHs transmits the same TRS (and SSB), PDCCH, and PDSCH. It is also called joint transmission. In this scenario, RAN4 assumed an advanced receiver to handle the multiple paths with different Doppler shift.


[bookmark: _Ref59118086]Figure 1	Example of the (single-DCI based) PDSCH transmission with HST-SFN (joint transmission).
Since not all the UEs are capable of the advanced receiver for HST-SFN joint transmission, RAN4 also specified the PDSCH demodulation requirements with dynamic point switching where gNB transmits PDCCH/PDSCH only from one RRH according to the UE location, as illustrated in Figure 2. In this scenario, unlike HST-SFN joint transmission, it is assumed gNB transmits the dedicated TRS per TRP to ensure UE can track time/frequency for each TRP. From the UE demodulation point of view, this scenario is equivalent to the single tap condition, which does not need special advanced receiver algorithm. 



[bookmark: _Ref59118088]Figure 2	Example of the (single-DCI based) PDSCH transmission with HST-DPS.

2.2	Multi-DCI transmission in HST-SFN deployment
2.2.1	Scenario
3GPP introduced the multi-DCI based PDSCH transmission schemes in Rel-16 eMIMO, where UE monitors multiple DCIs in each slot, and DCI can schedule the transport block independently. Figure 3 illustrates an example when multi-DCI based PDSCH transmission is applied to the HST-SFN deployment, where TRP#0 transmits PDCCH#0/PDSCH#0 and TRP#1 transmits PDCCH#1/PDSCH#1. In order to ensure the time/frequency tracking for each TRP, gNB also need to transmit the dedicated TRS per TRP, as same as HST-DPS.


[bookmark: _Ref59118090]Figure 3	Example of the multi-DCI based PDSCH transmission in HST-SFN scenario.
In the multi-DCI based PDSCH transmission, each TRP transmits different transport blocks simultaneously and it is different from Rel-16 HST-SFN requirement where the one TB is transmitted from all the RRHs or Rel-16 HST-DPS requirement where one TB is transmitted only from one TRP. We therefore propose to define multi-DCI PDSCH transmission requirement with HST-SFN deployment scenario. 
Proposal 1: Define multi-DCI PDSCH transmission requirement with HST-SFN deployment scenario. 

Since Rel-16 eMIMO defines multi-DCI based PDSCH transmission with 2 CORESET pool indexes, we propose reuse the same assumption. This means UE receives PDSCH from 2 TRPs according to the UE location and it is illustrated in Figure 4. In this example, when UE is between the points (a) and (b), UE receives PDSCH TB#0 and TB#1 from TRP#0 and TRP#1, respectively. When UE is between (b) and (c), UE receives PDSCH TB#0 and TB#1 from TRP#1 and TRP#2, respectively. 


[bookmark: _Ref59138749]Figure 4	PDSCH transmission according to UE location.

Proposal 2: In multi-DCI based transmission in HST-SFN, assume transport block (TB) #0 scheduled by DCI #0 is transmitted from TRP #(2i) and TB #1 scheduled by DCI #1 is transmitted from TRP #(2i+1) simultaneously, where, i=0,1,2,… 

2.2.2	Test setup
In the multi-DCI based transmission, each DCI can schedule transport block independently. It is therefore possible to overlap two PDSCHs in frequency domain and/or in time domain. We propose to reuse the same PRB allocation as Rel-16 eMIMO multi-DCI transmission requirements, that is, overlapped in time domain but not in frequency domain, e.g., RPB#0 to #25 from TRP#0 and PRB#26 to #51 from TRP#1, for CBW=10MHz with SCS=15kHz. 
Proposal 3: RAN4 reuse the same PRB allocation as Rel-16 eMIMO multi-DCI based transmission, i.e., overlapped in time domain but not overlapped in frequency domain. 
From the UE demodulation point of view, each PDSCH demodulation is considered as single tap scenario. We therefore prefer to reuse the HST-DPS configuration, i.e., MCS17, rank 2, DMRS configuration 1+1+1, and TRP periodicity of 10ms. On the other hand, DMRS ports should be set to 1000/1001 for TRP #(2i) and 1002/1003 for TRP (2i+1) because of multi-DCI based transmission. 
Proposal 4: RAN4 reuse the same MCS and rank as Rel-16 HST-DPS.
· Antenna configuration: 2x2 and 2x4
· MCS: 17 (64QAM table)
· Rank 2
· DMRS ports 1000/1001 from TRP #(2i)
· DMRS ports 1002/1003 from TRP #(2i+1)
· DMRS Type 1 and 2 additional DM-RS symbols
· For TDD, use TDD pattern of 7D1S2U with S=6DL:4GP:4UL
· No PDSCH data transmission in the special slots
· TRS periodicity: 10ms

For the propagation channel model, we propose to reuse the HST-SFN channel model defined in Rel-16 HST-SFN including power level. We also propose the same channel model parameters: Ds=700m (inter-TRP distance), Dmin=150m (distance between UE and TRP), v=500km/h (UE speed), and fd=870/1667Hz (maximum Doppler shift). 
Proposal 5: RAN4 reuse the HST-SFN channel model (TS38.101-4 B.3.2) and parameters for multi-DCI based PDSCH transmission requirements, where the number of visible RRHs are 2.  
	Parameters
	SCS=15kHz
	SCS=30kHz

	Ds (inter-RRH distance)
	700 m
	700 m

	Dmin (distance between RRH and UE)
	150 m
	150 m

	v (UE velocity)
	500 km/h
	500 km/h

	fd (maximum Doppler shift)
	870 Hz
	1667 Hz



2.2.3	Applicability and capability signaling
[bookmark: _GoBack]In our understanding this scenario does not require the advanced frequency tracking algorithm assumed for Rel-16 HST-SFN requirements, but UE should be capable of multi-DCI transmission.
Proposal 6: For the multi-DCI based transmission requirements in HST-SFN, 
· UE does not require to be capable of demodulationEnhancement and gNB does not need to configure highSpeedDemodFlag. 
· UE should be capable of multiDCI-MultiTRP.
· No new UE capability signaling and network assigned signaling are necessary. 
3	Summary
Proposal 1: Define multi-DCI PDSCH transmission requirement with HST-SFN deployment scenario. 
Proposal 2: In multi-DCI based transmission in HST-SFN, assume transport block (TB) #0 scheduled by DCI #0 is transmitted from TRP #(2i) and TB #1 scheduled by DCI #1 is transmitted from TRP #(2i+1) simultaneously, where, i=0,1,2,… 
Proposal 3: RAN4 reuse the same PRB allocation as Rel-16 eMIMO multi-DCI based transmission, i.e., overlapped in time domain but not overlapped in frequency domain. 
Proposal 4: RAN4 reuse the same MCS and rank as Rel-16 HST-DPS.
· Antenna configuration: 2x2 and 2x4
· MCS: 17 (64QAM table)
· Rank 2
· DMRS ports 1000/1001 from TRP #(2i)
· DMRS ports 1002/1003 from TRP #(2i+1)
· DMRS Type 1 and 2 additional DM-RS symbols
· For TDD, use TDD pattern of 7D1S2U with S=6DL:4GP:4UL
· No PDSCH data transmission in the special slots
· TRS periodicity: 10ms
· Proposal 5: RAN4 reuse the HST-SFN channel model (TS38.101-4 B.3.2) and parameters for multi-DCI based PDSCH transmission requirements, where the number of visible RRHs are 2.  
	Parameters
	SCS=15kHz
	SCS=30kHz

	Ds (inter-RRH distance)
	700 m
	700 m

	Dmin (distance between RRH and UE)
	150 m
	150 m

	v (UE velocity)
	500 km/h
	500 km/h

	fd (maximum Doppler shift)
	870 Hz
	1667 Hz



Proposal 6: For the multi-DCI based transmission requirements in HST-SFN, 
· UE does not require to be capable of demodulationEnhancement and gNB does not need to configure highSpeedDemodFlag. 
· UE should be capable of multiDCI-MultiTRP.
· No new UE capability signaling and network assigned signaling are necessary. 
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