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1	Introduction
RAN4#109 agreed with the WF on the UE demodulation requirements for Rel-18 FR2 HST [1]. This contribution shows our simulation results and discusses the remaining open issues on the simultaneous multi-Rx reception scenario.
2	Discission
2.1	UE demodulation requirements
RAN4#110 agreed with almost all the simulation parameters to define PDSCH demodulation requirements for FR2 HST simultaneous multi-Rx reception scenario [1].
	Agreement:
· Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition.
· RTD introduced
· 1.5xCP
· MCS pairs
· Option1: MCS 13
· Option2: MCS 11
· Test metric
· 70% Tput for each PDSCH
· Companies are encouraged to provide both ideal and impairments results for MCS pairs (MCS 19, MCS 13) and (MCS 19, MCS 11) based on RTD=1.5xCP in the RAN4#110 meeting, and make the down selection for specifying requirement in the next meeting  



Table 1 summarizes the simulation assumption for FR2 HST simultaneous multi-Rx reception scenario [2]. Figure 1 (a) shows our simulation results and Table 2 summarizes the simulation results regarding SNR to achieve 70% of the peak rate. The detailed FRC table is provided in Appendix. Note our simulation results do not apply any received power changes or received time drifts according to the agreements.

[bookmark: _Ref141711308]Table 1	PDSCH simulation parameters for FR2 HST multi-Rx simultaneous reception.
	Parameters
	TRP#1
	TRP#2

	Carrier frequency 
	30 GHz

	SCS/CBW
	120kHz / 200MHz

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

	Antenna configuration
	2x2 (Static channel matrix according to TS8.101-4 Annex B.1.)
	2x2 (Static channel matrix according to TS8.101-4 Annex B.1.)

	TRS periodicity
	10 ms (80 slots)
	10 ms (80 slots)

	Number of active TCI States
	1
	1

	Number of additional DMRS 
	2
	2

	rank 
	2
	2

	MCS index (MCS table 1)
	19
	Option 1: 13
Option 2: 11

	RTD (us) from TRP#1
	N/A
	1.5 x CP



[bookmark: _Ref140048325][image: ][image: ]
	(a) PDSCH relative throughput
	(b) RTD and Received power difference at UE with HST-DPS-FR2-BI-B1-MR 



[bookmark: _Ref149072406]Figure 1	Simultaneous multi-Rx panel reception simulation results with 2+2 (per Rx panel).

The remaining open issue for the UE demodulation requirements for this WI is the configured MCS for TRP#2. Figure 1 (b) shows the received time difference (RTD) and power difference according to HST-DPS-FR2-BI-B1-MR. According to the figure, the RTD at UE location of 300m is about 1.5CP, and the power difference between two TRPs is about 6.4dB. According to Table 2, we propose to set MCS11 because the power difference between MCS19 and MCS11 is 6.7dB, which is close to the UE location with RTD=1.5CP. 
Proposal 1: Set MCS 11 for TRP#2. 

[bookmark: _Ref149148886]Table 2	Summary of simulation results.
	
	Alignment results
	Impairment results

	TRP#1 (MCS19)
	11.1
	13.1

	TRP#2 (MCS13)
	6.2
	8.2

	TRP#2 (MCS11)
	4.4
	6.4



2.2	Scheduling
One of the remaining open issues is the MAC-CE scheduling and PDSCH transmission timing after the TCI state switching. Since RAN4 reuses the FR2 HST-DPS bi-directional deployment model specified in Rel-17 HST-DPS, basically we can reuse the scheduling specified in TS38.101-4 Table 7.2.2.2.4 Test 1-1. One difference from Rel-17 HST-DPS is that Rel-18 simultaneous Rx reception receives signals from two RRHs simultaneously. We therefore need to define two sets of scheduling: one for the forward-looking Rx panel and another one for the backward-looking Rx Panel.


[bookmark: _Ref157200322]Figure 2	Rel-18 FR2 HST multi-Rx simultaneous reception scheduling. 
Forward-looking Rx panel
Figure 2 illustrates the multi-Rx simultaneous reception scheduling, where P1 corresponds to the forward-looking Rx panel and P2 corresponds to the backward-looking Rx panel. The forward-looking Rx panel is basically same as Rel-17 HST-DPS as shown in Figure 3.
[image: ]
[bookmark: _Ref157200486]Figure 3	Detailed scheduling for the forward-looking Rx panel. 

Proposal 2: For the forward-looking Rx panel, scheduling TCI state switching command can be slot# 57600 x n, n=0, 1, 2, …
· PDSCH throughput statistics starts: THARQ + TMAC Proc + TfirstSSB + TSSB proc + TfirstTRSafterSSB + TTRS proc
· THARQ = 4 (slots), TMAC Proc = 24 (slots), TSSB proc = 16 (slots), and TTRS proc = 16 (slots)
· TfirstSSB =132 (= SSB period (160) - THARQ - TMAC Proc)
· TfirstTRSafterSSB = 69 (= TRS period (80) - TRS offset from SSB (5) - TTRS proc)

Backward-looking Rx panel
Backward-looking Rx panel start from the position 2 x Ds_offset before the TCI state switching position as illustrated in Figure 2. This means the TCI state switching command is scheduled at slots 57600 x n + 16457 as shown in Figure 4, where the offset 16457 is the number of slots corresponding to the time to move (2 x Ds_offset = 200m) with 350km/h. We should also point that slot numbers (57600 x n + 16457) are DL slot with TDD UL/DL configuration ‘DDDSU’.
[image: ]
[bookmark: _Ref157202769]Figure 4	Detailed scheduling for the backward-looking Rx panel (Option 1). 
Another simplified option is to schedule the MAC CE command in the SSB slot before the slot 2 x Ds_offset, as shown in Figure 5 (Option 2). In this option, the TCI state switching command is scheduled at slots 57600 x n + 16320, and both TfirstSSB and TfirstTRSafterSSB are same as the forward-looking Rx panel case. 
[image: ]
[bookmark: _Ref157203466]Figure 5	Detailed scheduling for the backward-looking Rx panel (Option 2). 
We slight prefer Option 2 because of the simplicity. 
Proposal 3: For the backward-looking Rx panel, scheduling TCI state switching command can be slot# 57600 x n + 16320, n = 0, 1, 2, …
· PDSCH throughput statistics starts: THARQ + TMAC Proc + TfirstSSB + TSSB proc + TfirstTRSafterSSB + TTRS proc
· THARQ = 4 (slots), TMAC Proc = 24 (slots), TSSB proc = 16 (slots), and TTRS proc = 16 (slots)
· TfirstSSB =132 (= SSB period (160) - THARQ - TMAC Proc)
· TfirstTRSafterSSB = 69 (= TRS period (80) - TRS offset from SSB (5) - TTRS proc)

3	Summary
Proposal 1: Set MCS 11 for TRP#2. 
Proposal 2: For the forward-looking Rx panel, scheduling TCI state switching command can be slot# 57600 x n, n=0, 1, 2, …
· PDSCH throughput statistics starts: THARQ + TMAC Proc + TfirstSSB + TSSB proc + TfirstTRSafterSSB + TTRS proc
· THARQ = 4 (slots), TMAC Proc = 24 (slots), TSSB proc = 16 (slots), and TTRS proc = 16 (slots)
· TfirstSSB =132 (= SSB period (160) - THARQ - TMAC Proc)
· TfirstTRSafterSSB = 69 (= TRS period (80) - TRS offset from SSB (5) - TTRS proc)
Proposal 3: For the backward-looking Rx panel, scheduling TCI state switching command can be slot# 57600 x n + 16320, n = 0, 1, 2, …
· PDSCH throughput statistics starts: THARQ + TMAC Proc + TfirstSSB + TSSB proc + TfirstTRSafterSSB + TTRS proc
· THARQ = 4 (slots), TMAC Proc = 24 (slots), TSSB proc = 16 (slots), and TTRS proc = 16 (slots)
· TfirstSSB =132 (= SSB period (160) - THARQ - TMAC Proc)
· TfirstTRSafterSSB = 69 (= TRS period (80) - TRS offset from SSB (5) - TTRS proc)
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Appendix: Channel model used for FR2 HST multi-Rx simultaneous reception
	Panel 1
	



	Panel 2
	






	Parameters
	Description
	HST-DPS-FR2-BI-B1-MR

	Ds
	Inter-RRH distance
	700 m

	Dmin
	Distance between rail track and RRH
	150 m

	v
	Train velocity
	350 km/h

	fd
	Maximum Doppler frequency shift
	9722 Hz

	fc
	Carrier frequency
	30 GHz

	Drx_panel
	Distance between two UE Rx panels
	0 m

	Ds_offset
	Switching transmission point between adjacent RRHs
	100 m





	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD 

	UL-DL configuration
	
	FR2.120-1

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	13

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	Antenna port indexes
	
	{1000,1001}
	{1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	full-overlapping

	Number of HARQ Processes
	
	8

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	As defined in Annex A.1.3

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity

	Note 1:	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1




	Parameter
	Unit
	Value

	Reference channel
	
	TRP#1
	TRP#2 (MCS11)
	TRP#2 (MCS13)
	
	

	Channel bandwidth
	MHz
	200
	200
	200
	
	

	Subcarrier spacing
	kHz
	120
	120
	120
	
	

	Allocated resource blocks
	PRBs
	132
	132
	132
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	9
	9
	9
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	
	13
	13
	13
	
	

	For Slot i = 1,2,3
	
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Allocated slots per 2 frames
	
	124
	124
	124
	
	

	MCS table
	
	64QAM
	64QAM
	64QAM
	
	

	MCS index
	
	19
	11
	13
	
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	
	

	Target Coding Rate
	
	0.50
	0.37
	0.48
	
	

	Number of MIMO layers
	
	2
	2
	2
	
	

	Number of DMRS REs
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	18
	18
	18
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	18
	18
	18
	
	

	For Slot i = 1,2,3
	
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Overhead for TBS determination
	
	6
	6
	6
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	67584
	32776
	42016
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	106576
	51216
	67584
	
	

	  For Slot i = 1,2,3
	Bits
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	24
	24
	24
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	24
	24
	24
	
	

	  For Slot i = 1,2,3
	Bits
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	CBs
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	CBs
	9
	4
	5
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	CBs
	13
	7
	9
	
	

	  For Slot i = 1,2,3
	CBs
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 5 and 85 (Note 3)
	Bits
	181968
	121312
	121312
	
	

	  For Slots i = 6 and 86 (Note 3)
	Bits
	181968
	121312
	121312
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {8,…,84, 87,…,159}
	Bits
	137808
	91872
	91872
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {7,…,84,87,…,159}
	Bits
	210672
	140448
	140448
	
	

	  For Slot i = 1,2,3
	Bits
	N/A (Note 1)
	N/A (Note 1)
	N/A (Note 1)
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	600.334
	288.957
	379.39
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0, slot #1, slot #2 and slot #3 with periodicity 20ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Binary Channel Bits are calculated under assumption of 52 PRBs TRS allocation when the number of allocated resource blocks are more than 52.
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