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1	Introduction
RAN4#107 agreed with the WF on the UE demodulation requirements for Rel-18 FR2 HST [1]. This contribution discusses the open issues on the simultaneous multi-Rx reception scenario.
2	Discussion
2.1	Channel model
RAN4#107 agreed with the channel model used for the simultaneous multi-Rx reception by reusing the Rel-17 bi-directional deployment model shown in Figure 1. 


[bookmark: _Ref140069523]Figure 1	RRH coverage area for simultaneous multi-Rx reception scenario.
RAN4 also agreed to consider the deployment parameter options shown in Table 1.
[bookmark: _Ref134109131]Table 1	Deployment parameters
	Parameters
	Description
	Scenario A
	Scenario B-1
	Scenario B-2

	Ds
	Inter-RRH distance
	700 m
	700 m
	700 m

	Dmin
	Distance between rail track and RRH
	10 m
	150 m
	150 m

	v
	Train velocity
	350 km/h
	350 km/h
	350 km/h

	fd
	Maximum Doppler frequency shift
	9722 Hz
	9722 Hz
	9722 Hz

	fc
	Carrier frequency
	30 GHz
	30 GHz
	30 GHz

	Drx_panel
	Distance between two UE Rx panels
	0 m
	0 m
	0 m

	Ds_offset
	Switching transmission point between adjacent RRHs
	10 m
	100 m
	350 m



If we assume the starting point (t=0) of the simulation is at the beginning of coverage area to the coming TRxP (TRxP#1 in the figure), the Doppler shift trajectory is given as follows. Note the difference from the WF in [1] is the minus sign for the range  in Panel 2.
	Panel 1
	



	Panel 2
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[bookmark: _Ref141711078]Figure 2	Doppler shift trajectory.
Figure 2 compares the Doppler shift trajectories according to the UE location for each scenario. It is observed from the figure that the Scenario B-1 gives the largest Doppler shift jump. 
Proposal 1: Use the modified channel models for simultaneous multi-Rx reception scenario. 
2.2	Initial evaluation results
This section shows our initial simulation results for different Doppler shift model options according to the parameters in Table 2. 
[bookmark: _Ref141711308]Table 2	PDSCH simulation parameters
	Parameters
	Values

	Carrier frequency 
	30 GHz

	SCS/CBW
	120kHz / 200MHz

	Antenna configuration
	Two Rx panels, 2x2 for each panel

	TDD Pattern
	DDDSU, S=10D2G2U
Schedule PDSCH in special slots

	MCS/Rank
	Option 1: MCS 17, 1+1
Option 2: MCS 17, 2+2

	TRS periodicity
	10 ms (80 slots)

	Number of active TCI States
	2

	Number of additional DMRS 
	2



Figure 3 and Figure 4 show our initial simulation results of PC6 simultaneous multi-Rx reception with layer combinations 1+1 and 2+2, respectively. In both the figures, (a) and (b) show the PDSCH throughputs for Left Rx panel and Right Rx panel, respectively. The results do not show any performance difference among scenarios.
Observation 1: No performance difference among Scenario A, Scenario B-1, and Scenario B-2.
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	(a) Left Rx panel
	(b) Right Rx panel


[bookmark: _Ref140048322]Figure 3	Simultaneous multi-Rx panel reception simulation results with 1+1. 
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	(a) Left Rx panel
	(b) Right Rx panel


[bookmark: _Ref140048325]Figure 4	Simultaneous multi-Rx panel reception simulation results with 2+2. 
Regarding the number of MIMO layer combinations, thanks to the no correlation assumption between two Rx antenna panels and dedicated TRS transmission from each TRxP, the required SNR to achieve 70% of the peak rate is close to Rel-17 FR2 HST-DPS requirements if we assume MCS17 rank 2 if each RRH transmits the signal will full power. Because of the full-overlapping transmission from two TRxPs, however, we think the PDSCH signal should be scaled by , as same as Rel-16 multi-TRP SDM transmission scheme requirements (e.g., TS38,101-4 Table 5.2.2.1.11-3). In this case, the expected SNR to achieve 70% of the peak rate is about 9.5dB for rank 1 and 12.5dB for rank 2.
RAN4#107 also discussed whether to assume the power scaling according to the distance between the train and TRxPs. In TS38.101-4, HST-SFN channel model assumes the relative power scaling, but it is assumed the total signal level at the receiver antenna port is constant. On the other hand, HST-DPS channel model uses the constant transmit power regardless of the UE location. We think the purpose of the PDSCH demodulation requirements for FR2 HST simultaneous multi-Rx reception is to verify the two Rx panels can track the Doppler shift independently. We also want to make the test setup as simple as possible. Therefore it is not necessary to model the relative transmit power.
From the Doppler shift change point of view, Scenario B-1 is most challenging as shown in Figure 2. We propose to specify the simultaneous multi-Rx requirements with Scenario B-1 with rank 2.
Proposal 2: Define the simultaneous multi-RX requirements with Scenario B-2 with MCS 17 2+2.
Proposal 3: For the simultaneous multi-Rx requirements, apply a constant scaling factor  to the transmitted PDSCH signal from each TRxP, as same as Rel-16 multi-TRP SDM transmission scheme.
2.3	Open issues
	Transmission schemes 
· FFS on sDCI schemes



RAN4#107 agreed to prioritize the multi-DCI (mDCI) based transmission scheme with full-overlapping, but it was open whether to consider the single-DCI (sDCI) based SDM transmission scheme or not. From RAN1 specification, when gNB uses sDCI-based SDM transmission scheme, gNB assigns PDSCH layers on different DMRS ports (e.g, ports 1000/1001 from TRxP#1 and 1002/1003 from TRxP#2). This means UE is expected to demodulate PDSCH at the same time. For this purpose, the reception time difference from two TRxPs should be within a CP according to RAN1 agreements. However according to the deployment scenario parameters in Table 1, the receive time difference from two TRxPs exceeds the CP (0.59us with SCS=120kHz) most of the test time, as shown in Figure 5, regardless of the deployment scenario parameters.
 [image: ]
[bookmark: _Ref140073933]Figure 5	Received time difference between two TRxPs. 

It is possible to schedule PDSCH is transmitted only when the expected received time difference at the UE is within a CP, however it makes the test setup complex, and it is not realistic in the actual deployment scenario because gNB may not know the exact UE antenna panel location on the train. We therefore don’t think the sDCI-based transmission scheme is suitable for the simultaneous multi-Rx reception scenario in Rel-18.
Observation 2: The received time difference between two TRxPs exceeds a CP most of the time for the FR2 HST simultaneous multi-Rx reception scenario. 
Proposal 4: Not assume single-DCI based transmission schemes for FR2 HST multi-Rx simultaneous reception scenario.
3	Summary
Proposal 1: Use the modified channel models for simultaneous multi -Rx reception scenario. 
Observation 1: No performance difference among Scenario A, Scenario B-1, and Scenario B-2.
Proposal 2: Define the simultaneous multi-RX requirements with Scenario B-2 with MCS 17 2+2.
Proposal 3: For the simultaneous multi-Rx requirements, apply a constant scaling factor  to the transmitted PDSCH signal from each TRxP, as same as Rel-16 multi-TRP SDM transmission scheme.
Observation 2: The received time difference between two TRxPs exceeds a CP most of the time for the FR2 HST simultaneous multi-Rx reception scenario. 
Proposal 4: Not assume single-DCI based transmission schemes for FR2 HST multi-Rx simultaneous reception scenario.
[bookmark: _Ref16604413]References
[1] [bookmark: _Ref89866727][bookmark: _Ref101821050][bookmark: _Ref130824703][bookmark: _Ref130993589]R4-2309825, “WF for FR2 HST demodulation requirements”, Samsung.

3

Microsoft_Visio_Drawing.vsdx
TRxP
TRxP#0
TRxP#1
TRxP#2
Dmin
Ds
Ds_offset
a
Starting point (a=0)
P2
P1
Ds_offset
vt



image2.emf
0 500 1000 1500

Train position (m)

-1

0

1

D

o

p

p

l

e

r

 

o

f

f

s

e

t

 

(

H

z

)

10

4

Scenario A

P1

P2

0 500 1000 1500

Train position (m)

-1

0

1

D

o

p

p

l

e

r

 

o

f

f

s

e

t

 

(

H

z

)

10

4

Scenario B-1

P1

P2

0 500 1000 1500

Train position (m)

-1

0

1

D

o

p

p

l

e

r

 

o

f

f

s

e

t

 

(

H

z

)

10

4

Scenario B-2

P1

P2


image3.emf
0 5 10 15

SNR (dB)

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

Left-Rx Scenario A

Left-Rx Scenario B-1

Left-Rx Scenario B-2


image4.emf
0 5 10 15

SNR (dB)

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

Right-Rx Scenario A

Right-Rx Scenario B-1

Right-Rx Scenario B-2


image5.emf
0 5 10 15

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

Left-Rx Scenario A

Left-Rx Scenario B-1

Left-Rx Scenario B-2


image6.emf
0 5 10 15

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

Right-Rx Scenario A

Right-Rx Scenario B-1

Right-Rx Scenario B-2


image7.emf
0 500 1000 1500

Train position (m)

0

1

2

A

b

s

 

t

i

m

e

 

d

i

f

f

 

(

u

s

)

Scenario A

0 500 1000 1500

Train position (m)

0

0.5

1

A

b

s

 

t

i

m

e

 

d

i

f

f

 

(

u

s

)

Scenario B-1

0 500 1000 1500

Train position (m)

0

1

2

A

b

s

 

t

i

m

e

 

d

i

f

f

 

(

u

s

)

Scenario B-2


image1.emf
TRxP TRxP#0 TRxP#1 TRxP#2

D

min

D

s

D

s_offset

a

Starting point 

(a=0)

P2

P1

D

s_offset

vt


