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1	Introduction
RAN4#93 discussed the transmission scheme used for UE demodulation requirements with high speed train scenario and agreed with the way forward [1]. We discuss the transmission scheme used for UE demodulation requirements for HST.  
	Transmission scheme
· DPS transmission scheme 1a is feasible in HST scenario for both UE and BS. Whether to define new requirements and tests for DPS transmission scheme 1a are FFS.
· DPS transmission scheme 1b is feasible in HST scenario for both UE and BS. Whether to define new requirements and tests for DPS transmission scheme 1b are FFS.
· Further study feasibility and performance benefits of transmission scheme 2 when its details are finalized by RAN1
· Transmission scheme 3
· Further check whether Rel-16 eMIMO WI can support transmission scheme 3
· If it is supported in Rel-16 eMIMO WI, further study feasibility and performance benefits of transmission scheme 3 in Rel-16 HST WI when its details are finalized by RAN1
· If it is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. Companies can bring analysis on the performance benefits and feasibility 



2	Discussion
2.1	Transmission scheme 3
RAN#86 approved Rel-17 WI “Further enhancements on MIMO for NR” where one of the objectives is the Enhancement on the support for multi-TRP deployment is as follows:
	1. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



In our understanding, the item 4.a. above corresponds to the transmission scheme 3 RAN4 discussed so far. According to the way forward, we propose not to define the PDSCH demodulation requirements in Rel-16 HST WI.
Proposal 1: RAN4 does not define the PDSCH demodulation requirement with Transmission scheme 3 in Rel-16 HST WI.
2.2	Transmission scheme 2
Transmission scheme 2 is so called multi-DCI based non-coherent joint transmission (NC-JT), and it is a scope of Rel-16 eMIMO WI. This feature enables gNB to schedule two different PDSCH from two TRPs, where each DCI for PDSCH scheduling is transmitted from the corresponding TRP.
In our understanding, companies have proposed to define the multi-DCI based PDSCH transmission in NR HST WI because this WI assumes the HST-SFN deployment scenario where gNB transmits PDSCH from two or more TRPs. However RAN1 studied this feature to improve the performance for eMBB scenario and it is not limited to ‘high speed train’ scenario, which means multi-DCI based multi-TRP transmission should be applicable for lower speed and/or FR2. Therefore we suggest discussing it in the Rel-16 eMIMO WI performance part.
Proposal 2: RAN4 should discssus whether to define PDSCH demodulation requirements with multi-DCI (Transmission scheme 2) under Rel-16 eMIMO WI performance. 
2.3	Transmission scheme 1
RAN4 has discussed two transmission schemes for Transmission scheme 1 depending of the number of TCI status: 
· Transmission scheme 1a: UE only needs to track 1 TCI state
· Transmission scheme 2a: UE needs to track more than 1 TCI states
RAN4 concluded both the schemes were feasible in HST scenario for both UE and BS, however it is FFS whether to define the UE demodulation requirements.
2.3.1	Scheme 1a
Scheme 1a is the case the UE monitors one active TCI state as illustrated in Figure 1. In this option, the UE monitors PDCCH with TCI#0 from TRP0, but the UE receives PDSCH with TCI#0 from TRP0 or PDSCH with TCI#1 from TRP1 according to the Transmission configuration indication in DCI 1_1. If we don’t assume TCI state changes for PDCCH via MAC CE, UE needs to receive PDCCH only from one TRP, e.g., TRP0 in Figure 1. Since PDCCH is robust compared with PDSCH, we think UE can receive PDCCH only with TCI#0 (i.e., TRP0). 


[bookmark: _Ref23175886]Figure 1	DPS with single active TCI states (Scheme 1a). 
Figure 2 is the possible reference signal configuration for the transmission scheme 1a. The TCI configuration used for TRP#0 is the same configuration used for Rel-15 PDSCH demodulation requirements in TS38.101-4. In this configuration, one SSB is configured as TCI state 1, and TRS#1, which is QCLed with SSB, is configured as TCI state 2. PDCCH, PDSCH, and CSI-RS for CSI acquisition from TRP0 is QCL’ed with TCI state 2. 
To simulate TRP1, we configure the second TRS (TRS#2) which is transmitted from TRP1 and it is configured as TCI state 3. CSI-RS for CSI acquisition and PDSCH from TRP#1 are QCL’ed with TCI state 3. During the test, TCI state 2 is configured as active TCI state for PDCCH CORESET. PDSCH transmissions are switched between TCI state 2 and 3 using DCI 1_1. 


[bookmark: _Ref23255685]Figure 2	Reference signal configuration for transmission scheme 1a. 

2.3.2	Scheme 1b
Scheme 1b is the case the UE monitors two active TCI states as illustrated in Figure 3. In this option, the UE monitors PDCCH with TCI#0 from TRP0 and PDCCH with TCI#1 from TRP1 simultaneously. In the test, TE transmits PDCCH and PDSCH with the same TCI state only from one TRP in the slot. As we discussed in RAN4#92bis/93, this option requires UE capable of two active TCI state monitoring. 


[bookmark: _Ref23252476]Figure 3	DPS with two active TCI states (Scheme 1b).

Figure 4 is the possible reference signal configuration considering transmission scheme 1b. The TCI configuration used for TRP#0 is same as Scheme 1a in Figure 2. Only the difference is to configure the second PDCCH that is QCL’ed with TCI state 3. During the test, both TCI states 2 and 3 are configured as active TCI states for PDCCH CORESET, but TE transmits PDCCH only from one TCI state (TRP) in slot.


[bookmark: _Ref31975957]Figure 4	Reference signal configuration for transmission scheme 1b.
2.4	Test setup of transmission scheme 1
2.4.1	Channel model
As we discussed in RAN4#92bis/93 the correct TRP selection is crucial for the final UE throughput. In the real network environment, the network may rely on the CRI/L1-RSRP feedback from UE to decide the TRP for the PDCCH/PDSCH transmission. However if TE switches TRP based on the L1-RSRP reporting from the UE, the final throughput is impacted not only be PDCCH/PDSCH demodulation performance but also L1-RSRP measurement performance. Since it is UE demodulation requirements, the test should avoid the impact due to the L1-RSRP measurement error. 
According to the discussion in RAN#92bis/93, DPS assumes the SHT-SFN channel model but with 2 TRPs. Figure 5 left shows the relative path power of from each TRP where Ds=1000ms and Dmin=50ms. Since the HST-SFN channel model changes the strongest path (TRP) according to the simulated UE position, TE knows the strongest path based on Ds. This means, for example, TE can transmit PDSCH from TRP#0 for distance from 0m to 500m, TRP#1 for distance from 500m to 1500m, TRP#2 for distance from 1500m to 2500, etc. With this deterministic selection, it is possible to simulate the DPS without CRI/L1-RSRP feedback from UE. 
Observation 1: It is feasible to test the DPS with HST-SFN channel model without CRI/L1-RSRP feedback. 
Figure 5 right shows the Doppler shift when the strongest TRP is selected where it is assumed v=350km/h and fc=2.7GHz. From UE point of view, this is a single tap channel model but the difference from HST single tap model is the huge Doppler shift jump from -875Hz to +875Hz when TE switches the TRP. However it is the same Doppler shift change for the HST-SFN model, and we can assume UE can compensate the frequency error based on TRS. 
[image: ] [image: ]
[bookmark: _Ref23265496]Figure 5	Relative path power from TRP with 2-tap HST SFN (left) and Doppler shift from the strongest TRP (right). 
2.4.2	Channel configuration
In 3GPP RAN4 HST-SFN deployment model, there is an infinite number of RRHs distributed equidistantly along the track with the same Cell ID as shown in Figure 6. This means the visible TRSs changes as UE moves, for example, only TRP#0 and TRP#1 are visible at initial time but TRP#1 and TRP#2 become visible as UE moves. 
Since we actives one or two TCI states for PDCCH monitoring in this test, we need to specify which TCI is configured for each TRP. Figure 6 shows an example of channel configuration for transmission scheme 1a/1b. In this example, all the TRPs configure TCI#1 for SSB transmission, but TRP#(2n) and TRP#(2n+1) configure TCI#2 and TCI#3, respectively, where n=0,1,2… 


[bookmark: _Ref31978343]Figure 6	Channel configuration for transmission scheme 1a/1b.
3	Summary
We studied how to set up the transmission scheme 1a/1b in RAN4 UE demodulation requirements without L1-RSRP feedback from UE. We don’t think UE needs advanced receiver used for the joint transmission in HST-SFN, but UE needs to handle the big Doppler shift jump. We think RAN4 need discuss further the motivation to define PDSCH demodulation requirement assuming DPS in HST WI.
Proposal 1: RAN4 does not define the PDSCH demodulation requirement with Transmission scheme 3 in Rel-16 HST WI.
Proposal 2: RAN4 should discssus whether to define PDSCH demodulation requirements with multi-DCI (Transmission scheme 2) under Rel-16 eMIMO WI performance. 
Observation 1: It is feasible to test the DPS with HST-SFN channel model without CRI/L1-RSRP feedback. 
Proposal 3: RAN4 need discuss further the motivation to define new PDSCH demodulation requirements assuming DPS in HST WI.
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Appendix
	· Transmission scheme 1 - DPS: PDSCH is only transmitted from one TRP at one time
· Transmission scheme 1a: UE only needs to track 1 TCI state (detail can be found in R4-1911003)
· Transmission scheme 1b: UE needs to track more than 1 TCI states (detail can be found in R4-1911091)
· Transmission scheme 2: PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI(detail can be found in R4-1911091)
· Transmission scheme 3: Joint transmission + Distributed reference signal (detail can be found in R4-1911003)
· joint transmission + Distributed TRS
· joint transmission + Distributed DMRS



3

Microsoft_Visio_Drawing.vsdx
TRS1
PDCCH
PDSCH
TRS2
UE
TRP0
TRP1
TRS1
TRS2
PDSCH
UE
TRP0
TRP1
PDCCH
TCI#0
TCI#1
Transmission from TRP0
Transmission from TRP1



image2.emf
SSB (TCI#1)

TRS#1 (TCI#2) TRS#2 (TCI#3)

PDCCH CSI-RS#1 CSI-RS#2

PDSCH#1 PDSCH#2

TCI#1

TRP#0 TRP#1


Microsoft_Visio_Drawing1.vsdx
SSB (TCI#1)
TRS#1 (TCI#2)
TRS#2 (TCI#3)
PDCCH
CSI-RS#1
CSI-RS#2
PDSCH#1
PDSCH#2
TCI#1
TRP#0
TRP#1



image3.emf
UE

TRP0 TRP1

UE

TRP0 TRP1

TCI#0

TCI#1

TCI#1

Transmission from TRP0 Transmission from TRP1


Microsoft_Visio_Drawing2.vsdx
TRS1
PDCCH
PDSCH
TRS2
UE
TRP0
TRP1
TRS1
TRS2
PDCCH
PDSCH
UE
TRP0
TRP1
TCI#0
TCI#1
TCI#1
Transmission from TRP0
Transmission from TRP1



image4.emf
SSB (TCI#1)

TRS#1 (TCI#2) TRS#2 (TCI#3)

PDCCH#1 CSI-RS#1 CSI-RS#2

PDSCH#1 PDSCH#2

TCI#1

TRP#0 TRP#1

PDCCH#2


Microsoft_Visio_Drawing3.vsdx
SSB (TCI#1)
TRS#1 (TCI#2)
TRS#2 (TCI#3)
PDCCH#1
CSI-RS#1
CSI-RS#2
PDSCH#1
PDSCH#2
TCI#1
TRP#0
TRP#1
PDCCH#2



image5.emf
0 500 1000 1500 2000 2500 3000 3500 4000

Distance (m)

-25

-20

-15

-10

-5

0

R

e

l

a

t

i

v

e

 

p

o

w

e

r

 

(

d

B

)

TRP0

TRP1

TRP2

TRP3

TRP4


image6.emf
0 500 1000 1500 2000 2500 3000 3500 4000

Distance (m)

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

D

o

p

p

l

e

r

 

s

h

i

f

t

 

(

H

z

)

TRP0

TRP1

TRP2

TRP3

TRP4


image7.emf
TRP#0 TRP#1 TRP#2 TRP#3 TRP#2n

TRP

#(2n+1)

TCI#1

TCI#2

TCI#1

TCI#3

Distance

TCI#1

TCI#2

TCI#1

TCI#3

TCI#1

TCI#2

TCI#1

TCI#3


Microsoft_Visio_Drawing4.vsdx
TRP#0
TRP#1
TRP#2
TRP#3
TRP#2n
TRP #(2n+1)
TCI#1
TCI#2
TCI#1
TCI#3
Distance
TCI#1
TCI#2
TCI#1
TCI#3
TCI#1
TCI#2
TCI#1
TCI#3



image1.emf
UE

TRP0 TRP1

UE

TRP0 TRP1

TCI#0

TCI#1

Transmission from TRP0 Transmission from TRP1


