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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]
In this contribution, the view on remaining issue of test setup for PDSCH requirement are provided. Meanwhile, the initial simulation for Bi-directional scenario are provided.
2	Discussion
Doppler frequency for PDSCH requirement in Bi-directional scenario 
Regarding the Doppler frequency, the following is the agreement in the last meeting
	· The baseline assumption: No NWA signalling needed to differentiate the Deployment type, Intra/Inter-RRH TCI Switching type from RAN4 demodulation performance requirements perspective if no clear performance benefits identified with such new NWA signalling 
· Option 1 : 9722Hz for Bi-directional scenario,  and the assumption of RS for tracking is up to UE implementation
· Option 1a:  Introduce Network Signalling that informs the UE whether a jump is expected (including Deployment type, Intra/Inter-RRH TCI Switching type);
· Option 1b: Not introduce any Network Signalling to inform UE about the Doppler jump
· Option 2 : Two sets of requirement pending on UE capability for Bi-directional scenario
· 9722Hz
· 7000Hz
· Option 3: Two sets of requirement pending on UE capability for Bi-directional scenario
· 9722Hz
· 5652Hz with 0.1ppm FOE error and 10% safety margin



Generally, SSB will be used for initial timing/frequency tracking in case UE switching from one RRH to another RRH. It is expected that the residual frequency offset can be handled by other RS, such as DMRS, PTRS or TRS, considering the gap between adjacent RS in SSB is 2, which can achieve better Doppler tracking capability. Therefore, SSB+TRS is feasible implementation for frequency offset tracking to support 350km/h for Bi-directional RRH deployment. 
Regarding the network signaling, the purpose is to simplify the procedure for UE implementation for FO tracking during TCI state switching, where UE may use TRS for TO/FO tracking in case of intra-RRH switching, and may use SSB for TO/FO tracking in case of inter-RRH switching to handle large Doppler jump or large delay jump. As agreed, RS for FO tracking is up to UE implementation, from demod perspective, considering there is no PDSCH scheduling during TCI state switching, UE only apply SSB/TRS for timing/frequency adjustment, we do think there is benefit to inform UE whether a jump is expected (including Deployment type, intra/Inter-RRH TCI state switching type)
Proposal 1: Define PDSCH requirement for Bi-directional scenario with 9722Hz.
Proposal 2: No NWA signaling introduce to inform the UE whether a jump is expected (including Deployment type, intra/Inter-RRH TCI state switching type)

UE capability
	· Option 1: 
· Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional.
· Option 2: if found to be needed, define UE capability to support operation in HST FR2 bidirectional deployments with higher than 250 km/h speed. Define corresponding performance requirements with up to UE capability




The difference between Bi-directional and Uni-directional is that large frequency jump happens for Bi-directional scenario, while delay jump for Uni-directional scenario. The Doppler/Delay jump is due to the inter-RRH TCI state switching, during TCI state switching, UE will apply SSB/TRS for FO/TO adjustment. From FO/TO tracking processing perspective, we don't see any different for Bi/Uni-directional.

Proposal 3: Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional scenario
Test procedure
	· FFS on test procedure of DPS scheme 1a and DPS scheme 1b for Unidirectional and Bi-directional scenario 
· Option 1: Do not consider throughput statistics until the UE has received and processed at least one instance of SSB, followed by one instance of TRS and including respective RS processing time.
· THARQ +TMAC Proc+TfirstSSB + TSSB proc+ TfirstTRSafterSSB+ TTRS pro  
where
·  is the number of slots between PDSCH and corresponding HARQ-ACK information, 
· TMAC Proc is the 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
· Option 2: 
· THARQ +TMAC Proc +TfirstRS + TRS_proc
where
· TfirstRS is the larger number of slots to the first SSB transmission and the first TRS transmission after MAC CE command is decoded by the UE
· TRS_proc is the larger number of slots for SSB processing and TRS processing
· Option 3: 
· Bi-directional scenario DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc
· Uni-directional scenario DPS scheme 1b, THARQ +TMAC Proc
· Option 4 
· Bi-directional scenario  DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc + TfirstTRSafterSSB+ TTRS pro
· Uni-directional scenario DPS scheme1b, THARQ +TMAC Proc




In FR1 HST, DPS transmission scheme was introduced for PDSCH requirements, where the PDSCH is not scheduling during the TCI state switching. The period for not considering the throughput statistics is pending on the number of active TCI states of UE supported. The related period was agreed as 
	· DPS scheme 1a:  THARQ +TMAC Proc +TfirstTRS + TTRS proc
· DPS scheme 1b:  THARQ +TMAC Proc 
Where 
· THARQ is the number of the number of slots between PDSCH and corresponding HARQ-ACK information
· TMAC Proc is the number of slots for MAC CE processing
· TfirstTRS  is the number of slots to the first TRS transmission occasion after MAC CE command is decoded by the UE
· TTRS proc  is the number of slots for TRS processing



As agreed, RAN4 introduce two cases for FR2 HST, 
	· Number of test cases
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· 



Regarding DPS scheme 1b in Unidirectional A, since the signal is transmitted with same TX beam by two neighbor RRH, therefore, there is no need to include SSB processing.  Same test procedure of PDSCH allocation timeline as HST FR1 should be applied. 
Regarding DPS scheme 1a in Bi-directional B, since only 1 panel is activated, UE cannot do pre-tracking for new TCI state, it seems that additional delay for SSB processing.
 Proposal 4:  Do not consider the following period after receiving MAC CE active TCI switching from the throughput statistics
· Bi-directional scenario  DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc + TfirstTRSafterSSB+ TTRS pro
· Uni-directional scenario DPS scheme1b, THARQ +TMAC Proc

Test Setup for PDSCH requirement.
Regarding SSB and TRS period configuration, the following is agreed in the previous meeting
	· SSB and TRS period configuration 
· Option 1: 20ms for SSB, 10ms for TRS
· Option 2: 20ms for both SSB and TRS
· Other options are not precluded



In existed FR2 PDSCH demodulation test, the default SSB period configuration is 20ms, TRS period configuration is 20m.
For FR1 HST scenario, where TRS period configuration is 10ms. With short period, it can benefit the Doppler tracking accuracy, we are fine to configure 20ms for SSB period configuration, and 10ms for TRS period configuration  
Proposal 5:  Configure SSB period configuration as 20ms, and 10ms for TRS period configuration 
3	Simulation Results
In this subsection, the initial simulation results for Uni-directional scenario A/B, and Bi-directional scenario B are 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 ULA Low

	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 (Note1)

	
	
	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 (Note1)

	
	
	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 (Note 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 and B,
Bi-directional Scenario B 
The details can be found in [R4-2120702]

	Maximum Doppler shift
	9722

	Test metric
	SNR at 70% of maximum throughput

	Note 1: For further study
Note 2: As a starting point
Note 3: 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
Table 3-3: Simulation results for NR FR2 PDSCH @ maxDoppler9722Hz, DPS scheme 1a
	Case Number
	CHBW/ SCS
	MIMO
	Max Doppler shift fd (Hz)
	MCS
	Rank
	Scenario
	SNR(dB)@70% Max TP

	1
	200MHz/120kHz

	2Tx 2Rx ULA Low

	9722
	17
	2
	Uni-directional A
	10.5

	2
	
	
	
	
	
	Uni-directional B
	10.5

	3
	
	
	
	
	
	Bi-directional B
	11.2



[bookmark: _GoBack]Observation 1: Similar performance can be achieved for Uni-directional scenario with A and B
Observation 2: About 1 dB performance loss for Bi-directional compared with Uni-directional scenario
Proposal 6: MCS 17 with Rank2 is feasible for FR2 HST PDSCH requirement.

4	Conclusion 
In this contribution, the view on the test scope and test setup for PDSCH requirement is provided.
Proposal 1: Define PDSCH requirement for Bi-directional scenario with 9722Hz.
Proposal 2: No NWA signaling introduce to inform the UE whether a jump is expected (including Deployment type, intra/Inter-RRH TCI state switching type)
Proposal 3: Do not introduce the UE capability to differentiate requirement for Bi/Uni-directional scenario
Proposal 4:  Do not consider the following period after receiving MAC CE active TCI switching from the throughput statistics
· Bi-directional scenario  DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc + TfirstTRSafterSSB+ TTRS pro
· Uni-directional scenario DPS scheme1b, THARQ +TMAC Proc

Proposal 5:  Configure SSB period configuration as 20ms, and 10ms for TRS period configuration 
Observation 1: Similar performance can be achieved for Uni-directional scenario with A and B
Observation 2: About 1 dB performance loss for Bi-directional compared with Uni-directional scenario
Proposal 6: MCS 17 with Rank2 is feasible for FR2 HST PDSCH requirement.
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