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1	Introduction
During the last RAN4 meeting, the remaining issue on the scope and test parameters of PDSCH requirement for Rel-17 FR2 HST were further discussed. The related agreement was captured in the WF [1]
	· WF1: Network Assistance signalling
· From demodulation requirements aspect, no need to define network assistance signalling to indicate TCI state switching type or deployment type
· Whether this needed or not from RRM aspect subject to RRM session discussion
· The practical issue related to Rx beam switching management in test set-up subject to RRM session discussion
· WF2: UE capability and Doppler Frequency
· Don’t introduce UE capability for Uni-directional and Bi-directional deployment scenario from UE demodulation aspect.
· Define PDSCH requirement in Bi-directional scenario with Doppler Frequency as 9722Hz
· WF3: UE feature list
· No need to define additional signalling to indicate UE supporting of demodulation  requirements for FR2 HST, if UE indicates supporting FR2 HST operation with FR2 UE power class PC6 signalling
· WF4: Test setup for PDSCH requirement 
· Test case definition and test applicability rule 
· RAN4 define UE demodulation requirements with transmission schemes as
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· Test applicable rule
· Option 1
· If UE is capable of more than 1 activated TCI state, UE should pass test both case 1 
and case 2, otherwise, UE should only pass test of case 2
· Option 2
· If UE is capable of more than 1 activated TCI state, UE should pass test both case 1 and case 2, otherwise, UE should only pass test of case 2
· If UE passes case 1 (Uni-directional scenario A with DPS scheme 1b), the performance of Uni-directional scenario B with DPS scheme 1b are also guaranteed.
· Channel Model names for DPS transmission schemes
· Bi-directional scenario B: HST-DPS-FR2-BI-B
· Uni-directional scenario A: HST-DPS-FR2-UNI-A
· WF5: SSB and TRS transmission period configuration
· Test case definition and test applicability rule Configure SSB  transmission period as 20ms and TRS transmission period as 10ms for FR2 HST UE PDSCH demodulation requirement test
· Configuration SSB slot offset as 0 as baseline
· WF6: TCI switching scheduling for uni-directional
· Schedule  the active TCI switching for PDSCH demodulation test with the channel model assuming the Uni-directional Scenario A as follows
· Switch from RRH #(k-1) to RRH #k at the location of (k-1)⋅D_s-D_(s_offset),k=0,1,2,



· Number of RRH and SSB(TRS) per Cell for test
· Infinite RRHs per Cell , configure the maximum number 4 of SSB and TRS index
· Assuming PDSCH is not scheduled in slots #160n, n=0,1,2
· WF7: PDSCH allocation time for Uni-directional scenario with DPS scheme 1b
· Do not consider the following period after receiving MAC CE active TCI switching from the throughput statistics
· THARQ, TMAC Proc, as baseline
· THARQ: Number of slots between PDSCH and corresponding HARQ-ACK information
· TMAC Proc : Number of slots for MAC CE processing 
· FFS the value of THARQ, TMAC Proc,
· The output of RRM discussion regarding FR2 HST TCI switching time line can be considered
· WF8: TCI switching scheduling for Bi-directional scenario 
· Schedule the active TCI switching for PDSCH demodulation test with the channel model assuming the Bi-directional Scenario B as follows
· Switch from RRH #(k-1) to RRH #(k+1) at the location of 
· Switch from RRH #(k+1) to RRH #k at the location of 


· Number of RRH and SSB(TRS) per Cell for test
· Infinite RRHs per Cell , configure the maximum number 8 of SSB and TRS index
· Assuming PDSCH is not scheduled in slots #160n and #160n+1, n=0, 1, 2…
· WF9: PDSCH allocation timeline for Bi-directional scenario with DPS scheme 1a
· Do not consider the following period after receiving MAC CE active TCI switching from the throughput statistics
· THARQ+TMAC Proc+TfirstSSB + TSSB proc +TfirstTRSafterSSB+ TTRS pro as baseline
· THARQ: Number of slots between PDSCH and corresponding HARQ-ACK information
· TMAC proc: Number of slots for MAC CE processing
· TfirstSSB is the number of slots to the first SSB transmission occasion after MAC CE command is decoded by the UE
· TSSB proc is the number of slots for SSB processing
· TfirstTRSafterSSB is the number of slot to the first TRS transmission occasion available after (TfirstSSB + TSSB proc) 
· TTRS pro is the number of slots for TRS processing
· FFS the value of THARQ, TMAC Proc, TfirstSSB, TfirstTRSafterSSB, TTRS pro
· The output of RRM discussion regarding FR2 HST TCI switching time line can be considered



In this contribution, the view on remaining issue of test setup for PDSCH requirement are provided. Meanwhile, the initial simulation for Uni-directional scenario are provided.
2	Discussion
Test case for FR2 HST
Regarding the number of test cases defined for FR2 HST, as agreed in previous meeting, two cases are specified to verify the UE baseband processing with large Doppler frequency jump in Bi-directional B and large Doppler experienced in Uni-directional scenario. To reduce the test effort, test applicability rule are defined pending on the number of activated TCI state. Compared with option 2, one additional test applicable rule is considered by companies for Uni-directional scenario. Compared with Uni-directional scenario A and B with DPS scheme 1b, the only difference is the value of Doppler frequency experienced by UE, where it is about 9721Hz for scenario A and 9558Hz for scenario B. From UE receiver perspective, there is no difference foreseen for scenario A and B. The performance of Uni-directional scenario B with DPS scheme 1b can be guaranteed naturally if the performance of Uni-directional scenario A with DPS scheme 1b can be passed. Therefore, it is no necessary to introduce additional test applicability rule. 
Proposal 1: RAN4 define UE demodulation requirements with transmission schemes as
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· Test applicable rule 
· If UE is capable of more than 1 activated TCI state, UE should pass test both case 1 and case 2, otherwise, UE should only pass test of case 2

PDSCH allocation time for Uni-directional scenario A with DPS scheme 1b
Regarding the PDSCH allocation time, the value of THARQ, TMAC Proc are further discussion. 
For FR1 HST with TDD 30KHz SCS, the value of THARQ, TMAC Proc are set as following
· THARQ = 8
· TMAC Proc  =  6
The number of slots between PDSCH and corresponding HARQ-ACK information is pending on the TDD pattern. As agreed, the TDD pattern specified for FR2 HST is DDSSU with 120 KHz SC, THARQ = 4 can be applied in FR2 HST 
The MAC CE decoding time is 3ms, then, TMAC proc = 2 should be applied for MAC CE processing in FR2 HST
Proposal 2: RAN4 apply the following value for PDSCH allocation timeline for Uni-directional scenario A with DPS scheme 1b
· THARQ = 4
· TMAC  =  24

Test setup for PDSCH requirement for Uni-directional scenario
As agreed in the last meeting, for Uni-directional scenario A, the active TCI switching for PDSCH demodulation test with the channel model is assuming as follows
· Switch from RRH #(k-1) to RRH #k at the location of (k-1)⋅D_s-D_(s_offset),k=0,1,2,
Meanwhile, maximum number 4 of SSB and TRS index can be configured.
Similar with FR1 HST, the following test setup for PDSCH can be considered:
· Step 1: Two RRHs of RRH#(2k), RRH#(2k+1) are assumed, and SSB#(2k mod 4) and SSB#((2k+1) mod 4) are transmitted for each TRPs, separately, where k is the RRH number with k =0, 1, 2, ….
· UE is configured with TCI#(2k mod 4) and TCI #((2k+1) mod 4) that are associated with TRS #(2k mod 4) and TRS#((2k+1)mod 4) transmitted from RRH#(2k) and RRH#(2k+1) respectively by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
· All the configured TCI states are known to UE. UE is configured with NZP-CSI-RS resource for L1-RSRP measurements by RRC signaling nzp-CSI-RS-ResourceSet within the CSI-ResourceConfig and periodic CSI reporting by setting reportConfigType to periodic and reportQuantity to cri-RSRP (Note: reported L1-RSRP measurements are not tested)
· Step 2: TE actives TCI #1 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 3: PDSCH associated with TCI #1 is transmitted during the slots from 0 to [n-1 +  THARQ + TMAC]
· Step 4: In slot n TE start triggering TCI state switching command to TCI #2 by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 5: PDSCH associated with TCI #2 is transmitted in slots from [n+1 + THARQ + TMAC] to [2n + THARQ + TMAC -1]
· PDSCH associated with TCI#(k mod 4) (k=1) is transmitted in slot from 0 to [n-1 + THARQ + TMAC]
· PDSCH associated with TCI #(k mod 4) (k=2, 3,…) is transmitted in slot from [(k-1)*n+1 + THARQ + TMAC]  to [(k)n-1+ THARQ + TMAC], where n =72000 is the number of slots between the location of (k-1)Ds- DS_offset and the location of (k)⋅DS-DS_offset. And k is the RRH number in the channel model.

Meanwhile, based on current RRM core requirement discussion, the TCI switching delay requirement is under discussion for FR2 HST, whether one more slot is allowed for interruption during TCI switching for FR2 HST scenario due to the inter-symbol interference cannot be accommodated by CP length of the OFDM symbol from the target RRH [2]. Therefore, the output of RRM discussion regarding FR2 HST TCI state switching time line can be considered to PDSCH requirement test setup.
In summary, during test, TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot#i that satisfy mod (i, n)= n, 
PDCCH and PDSCH associated with TCI# (k mod 4) (k=1) is transmitted by the kth RRH from slot # 0 to slot# [n-1+ THARQ + TMAC];
PDCCH and PDSCH associated with TCI # (k mod 4) (k=2, 3,…) is transmitted by the kth RRH from slot #
(k-1) n +1 + THARQ + TMAC
to slot#
(k) n-1 + THARQ + TMAC
where n =72000 is the number of slots between the location of (k-1)Ds- DS_offset and the location of (k)⋅DS-DS_offset.
PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered
Proposal 3: RAN4 apply the following test setup for Uni-directional scenario A with DPS scheme 1b
· Step 1: Two RRHs of RRH#(2k), RRH#(2k+1) are assumed, and SSB#(2k mod 4) and SSB#((2k+1 )mod 4) are transmitted for each TRPs, separately, where k is the RRH number with k =0, 1, 2, ….
· UE is configured with TCI#(2k mod 4) and TCI #((2k+1)mod 4) that are associated with TRS #(2k mod 4) and TRS#((2k+1)mod 4) transmitted from RRH#(2k) and RRH#(2k+1) respectively by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
· All the configured TCI states are known to UE. UE is configured with NZP-CSI-RS resource for L1-RSRP measurements by RRC signaling nzp-CSI-RS-ResourceSet within the CSI-ResourceConfig and periodic CSI reporting by setting reportConfigType to periodic and reportQuantity to cri-RSRP (Note: reported L1-RSRP mesurements are not tested)

· Step 2: TE actives TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 3: PDSCH associated with TCI #0 is transmitted during the slots from 0 to [n-1 + THARQ + TMAC ]
· Step4 : In slot n TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 5: PDSCH associated with TCI #1 is transmitted in slots from n+1 + THARQ + TMAC to [N-1].
· PDSCH associated with TCI#(k mod 4) (k=1) is transmitted in slot from 0 to [n-1 + THARQ + TMAC]
· PDSCH associated with TCI # (k mod 4) (k=2, 3,…) is transmitted in slot from [(k-1)*n+1 + THARQ + TMAC]  to [(k)n-1+ THARQ + TMAC], where n =72000 is the number of slots between the location of (k-1)Ds- DS_offset and the location of (k)⋅DS-DS_offset. And k is the RRH number in the channel model.
· PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered
· The output of RRM discussion regarding FR2 HST TCI state switching time line can be considered to PDSCH requirement test setup.

3	Simulation Results
In this subsection, the initial simulation results for Uni-directional scenario for scenario A is provided.
Table 3-1:  PDSCH simulation assumpion 
	Parameter
	Value

	Carrier frequency
	30 GHz

	Duplex mode
	TDD

	SCS
	120 kHz

	CBW
	200 MHz

	Antenna configuration
	2x2

	TDD pattern
	DDDSU, S: 10D + 2G + 2U
Schedule PDSCH in special slots (Note 1)

	PDSCH DMRS configuration
	DMRS type

	Type 1

	
	Number of additional DMRS 
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	1

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S)
	1

	
	Length (L)
	13

	
	PRB bundling size
	2

	
	Resource allocation type
	Type 0

	
	RGB size
	Config2

	CSI-RS for tracking
	Resource set #1
	First OFDM symbol in the PRB used for CSI-RS
	l0 = 5 for CSI-RS resource 1 and 3
l0 = 9 for CSI-RS resource 2 and 4

	
	
	CSI-RS density
	3

	
	
	CSI-RS periodicity
	80 slots for CSI-RS resource 1,2,3,4 

	
	
	CSI-RS offset
	2 for CSI-RS resource 1 and 2
3 for CSI-RS resource 3 and 4

	
	
	Frequency occupation
	Start PRB 0
Number of PRB =
ceil(BWP size/4)*4

	
	
	QCL info
	TCI state #2

	
	Resource set #2
	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resource 5 and 7
l0 = 10 for CSI-RS resource 6 and 8

	
	
	CSI-RS density
	3

	
	
	CSI-RS periodicity
	80 slots for CSI-RS resource 5,6,7,8

	
	
	CSI-RS offset
	2 for CSI-RS resource 5 and 6
3 for CSI-RS resource 7 and 8

	
	
	Frequency occupation
	Start PRB 0
Number of PRB =
ceil(BWP size/4)*4

	
	
	QCL info
	TCI state #3

	TCI state #0
	Type 1 QCL information
	CSI-RS resource
	CSI-RS for resource 1 from “CSI-RS for tracking Resource set #1” configuration

	
	
	QCL type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS for resource 1 from “CSI-RS for tracking Resource set #1” configuration

	
	
	QCL type
	Type D

	TCI state #1
	Type 1 QCL information
	CSI-RS resource
	CSI-RS for resource 5 from “CSI-RS for tracking Resource set #2” configuration

	
	
	QCL type
	Type A

	
	Type 12QCL information
	CSI-RS resource
	CSI-RS for resource 5 from “CSI-RS for tracking Resource set #2” configuration

	
	
	QCL type
	Type D

	TCI state #2
	Type 1 QCL information
	SSB index
	SSB #0

	
	
	QCL type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL type
	Type D

	TCI state #3
	Type 1 QCL information
	SSB index
	SSB #1

	
	
	QCL type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #1

	
	
	QCL type
	Type D

	PTRS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (TPT-RS)
	1

	MCS and Rank
	MCS 17 and Rank 2 

	Number of HARQ processes
	8

	SSB and CSI-RS for tracking assumptions
	2 SSBs associated with 2 CSI-RS resources sets for PDSCH requirement, where SSB # (k mod 2), CSI-RS (for tracking) resource set # ((k mod 2) + 1), CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3) and CSI-RS (for beam refinement) resource set # ((k mod 2)+5) are transmitted by kth RRH

	SSB periodicity
	20ms 

	Propagation conditions
	Uni-directional Scenario A
The details can be found in [R4-2203094]

	Maximum Doppler shift
	9722

	Test metric
	SNR at 70% of maximum throughput

	Note 1: For further study
Note 2: Other remaining parameters can be found in TS 38.101-4 Table 7.2-1 and Table 7.2.2.2.1-2  



The following the summary of SNR @ 70% of maximum throughput
[bookmark: _GoBack]Table 3-2: Simulation results for NR FR2 PDSCH @ maxDoppler9722Hz, DPS scheme 1b
	Case Number
	CHBW/ SCS
	MIMO
	Max Doppler shift fd (Hz)
	MCS
	Rank
	Scenario
	SNR(dB)@70% Max TP
(ideal)
	SNR(dB)@70% Max TP
(impairment)

	1
	200MHz/120kHz
	2Tx 2Rx ULA Low
	9722
	17
	2
	Uni-directional A
	10.5
	13.0




4	Conclusion 
In this contribution, the view on the remaining issue of test setup for PDSCH requirement with DPS scheme 1b in Uni-directional scenario is provided. Meanwhile, the initial simulation result is provided for alignment.
Proposal 1: RAN4 define UE demodulation requirements with transmission schemes as
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· Test applicable rule 
· If UE is capable of more than 1 activated TCI state, UE should pass test both case 1 and case 2, otherwise, UE should only pass test of case 2

Proposal 2: RAN4 apply the following value for PDSCH allocation timeline for Uni-directional scenario A with DPS scheme 1b
· THARQ = 4
· TMAC  =  24
Proposal 3: RAN4 apply the following test setup for Uni-directional scenario A with DPS scheme 1b
· Step 1: Two RRHs of RRH#(2k), RRH#(2k+1) are assumed, and SSB#(2k mod 4) and SSB#((2k+1 )mod 4) are transmitted for each TRPs, separately, where k is the RRH number with k =0, 1, 2, ….
· UE is configured with TCI#(2k mod 4) and TCI #((2k+1)mod 4) that are associated with TRS #(2k mod 4) and TRS#((2k+1)mod 4) transmitted from RRH#(2k) and RRH#(2k+1) respectively by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
· All the configured TCI states are known to UE. UE is configured with NZP-CSI-RS resource for L1-RSRP measurements by RRC signaling nzp-CSI-RS-ResourceSet within the CSI-ResourceConfig and periodic CSI reporting by setting reportConfigType to periodic and reportQuantity to cri-RSRP (Note: reported L1-RSRP mesurements are not tested)

· Step 2: TE actives TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 3: PDSCH associated with TCI #0 is transmitted during the slots from 0 to [n-1 + THARQ + TMAC ]
· Step4 : In slot n TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
· Step 5: PDSCH associated with TCI #1 is transmitted in slots from n+1 + THARQ + TMAC to [N-1].
· PDSCH associated with TCI#(k mod 4) (k=1) is transmitted in slot from 0 to [n-1 + THARQ + TMAC]
· PDSCH associated with TCI #(k mod 4) (k=2, 3,…) is transmitted in slot from [(k-1)*n+1 + THARQ + TMAC]  to [(k)n-1+ THARQ + TMAC], where n =72000 is the number of slots between the location of (k-1)Ds- DS_offset and the location of (k)⋅DS-DS_offset. And k is the RRH number in the channel model.
· PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered
· The output of RRM discussion regarding FR2 HST TCI state switching time line can be considered to PDSCH requirement test setup.
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