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Backgroud
Agreed WFs for FR2 HST WI in the previous meeting
· R4-2017828, WF on NR support for HST in FR2”, Samsung. RAN4#97-e meeting
· R4-2103240, WF on Deployment Scenario and UE RF Requirement for FR2 HST”, Samsung. RAN4#98-e meeting
· R4-2106100, WF on FR2 HST Deployment scenario Analysis, Samsung, RAN4#98b-e meeting
· R4-2106101, WF on Channel Modelling for FR2 HST, Nokia, RAN4#98b-e meeting
· R4-2106102, WF on Demodulation requirement for FR2 HST”, Samsung, RAN4#98b-e meeting
· R4-2108860, WF on FR2 HST Deployment Scenario Analysis, Samsung,RAN4#99-e meeting
· R4-2108661, WF on FR2 HST Channel model , Nokia, RAN4#99-e meeting
· R4-2108637, WF on FR2 HST demodulation,  Samsung, RAN4#99-e meeting
· R4-2115725, WF on Remaining issues on FR2 HST deployment scenario and channel modelling, Samsung, RAN4#100-e, 
· R4-2115334, WF on FR2 HST RRM requirement, Nokia, RAN4#100-e,
· R4-2115335, WF on FR2 HST RRM requirement, Samsung, RAN4#100-e
· R4-2115726, WF on FR2 HST Demodulation, Samsung, RAN4#100-e
Introduction
This WF included tentative agreement made in the 1st round discussion and open issue of [101-e][321] NR_HST_FR2_Demod. Companies are encouraged to further discuss the general and UE demodulation based on FR2 HST deployment scenarios, and the related test setup for each identified requirements.
General
Channel Model
Issue 1-1-1: Channel model for Uni-directional RRH deployment
GTW agreement
· For Uni-directional deployment, one channel model (either toward to serving beam or away from serving beam) is applied for demodulation requirement even if UE can travel in two directions in practice.
· Use the HST-DPS channel model below as a starting point for FR2 HST Uni-Directional RRH Deployment
· UE is moving towards serving beam
· The cosine of angle θ(t)  used in Doppler shift  is provided as


0 

Issue 1-1-2: Channel model for Bi-directional RRH deployment
GTW agreement
· Apply channel modelling as option 2a for FR2 HST Bi-directional RRH deployment
· Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH.




Issue 1-1-3:  Whether to incorporate propagation delay/delay jump in DL demodulation channel model
GTW agreement
· TCI switching belongs RRM scope, no need to be modelling and considering in demodulation requirements
· Demodulation requirements will not verify the PDSCH performance during TCI switching period.
· No propagation delay and  delay jump modelling in channel model for DL PDSCH demodulation  


OTA test for UE and BS
Tentative agreement in 1st round 
· Assuming single panel for FR2 HST UE and BS Bi-directional RRH deployment scenario testing

UE demodulation requirements
Test setup for PDSCH requirements
Issue 2-1-1: Scope for UE performance requirements 
Issue 2-1-5: DPS transmission schemes for Uni-directional RRH scenario
Issue 2-1-6: DPS transmission schemes for Bi-directional RRH scenario
Issue 2-1-7: Number of Sets of requirement for Uni-directional and Bi-directional scenario

Way forward [combine with Issue 2-1-5/6/7]
· Define PDSCH demodulation requirements with channel model derived base on Uni-directional deployment scenario and Bi-directional deployment scenario
· FFS on the naming of channel model captured in the spec
· Introduce PDSCH requirement with DPS transmission scheme 1a and 1b
· Number of test cases
· Case 1: Uni-directional scenario A with DPS scheme 1b
· Case 2: Bi-directional scenario B with DPS scheme 1a
· Test applicability  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  

Issue 2-1-2: Doppler Frequency for Bi-directional scenario
Way forward:
· [bookmark: _GoBack]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

Issue 2-1-3: UE capability 
Way forward:
· 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

Issue 2-1-4: Test applicability rule for two sets requirement for Bi-directional rule
Way forward:
· Option 1: If bi-directional requirements will be defined for two different speeds and define applicability rule that if UE has passed requirement with higher speed it does not need to pass requirement with lower speed.
· Reference:

Requirements for Bi-directional scenario if agreed
	Deployment
	DPS Tx scheme
	Speed
	Comment
	Test #

	Bi-directional
	Scenario B
	1a
	350 km/h
	If it is introduced, will be up to UE capability 
	2

	
	Scenario B
	1a
	250 km/h
	Mandatory
	3




Issue 2-1-8: Deployment scenario for demodulation test for Bi-directional scenario
Way forward:
· Appling the following test setup for Bi-directional deployment for PDSCH requirement as baseline assumption 
· For PDSCH Demodulation Tests with bidirectional deployment, assume that the FR2 HST UE is connected to the 2nd nearest RRH according to the deployment model depicted in the picture as
[image: ]

	Assume that FR2 HST UEs:
· Are always connected to the 2nd-nearest RRH, to avoid coverage holes when the train is located close or right below the RRH location;
· According to the principle listed below, the switching points between connecting to one RRH to another RRH are located at:
· At the midpoint between 2 RRH location [(2k+1)*Ds/2] 
· where the UE switches between adjacent RRHs, ie. from RRH#(2k+1) to RRH#(2k) or from RRH#(2k-1) to RRH#(2k), and;
· Exactly at the RRH location (ie, (2k)*Ds), 
· where the UE switches between non-adjacent RRH, ie. from RRH#(2k+1) to RRH#(2k-1) or vice versa;



Issue 2-1-10: UE FO/TO Tracking 
Way forward:
· FFS on introduction higher layer signalling (ie. System Information, RRC)) to inform the UE of the FR2 HST deployment typology (Uni-directional and Bi-directional scenario) for PDSCH demodulation requirement
· FFS on introduction MAC-CE signalling to inform the UE of the TCI switching typology (Intra/Inter -RRH) for PDSCH demodulation requirement 
· Encourage companies to analysis the impact on PDSCH demodulation requirement, the UE receiver processing , as well as the pros and cons with and without NW signalling, from demodulation perspective


Issue 2-1-11: Test procedure of DPS transmission scheme
Issue 2-1-12: Throughput statistics during TCI state switching

Way forward (Combine Issue 2-1-11 and 2-1-12)
· Apply the conclusion of RRM discussion about TCI switching delay about PDSCH allocation time line for test procedure set up of PDSCH requirement 
· No PDSCH is scheduling during the period of TCI state switching 
· 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  it 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


Issue 2-1-13: Test setup for PDSCH requirement
Way forward:
· Antenna configuration: 2x2
· DMRS type 1 with additional DMRS symbols (i,e., DMRS configuration with 1+1+1)
· SCS =120kHz, CBW=200MHz
· SSB position in burst: 1
· CRS-RS offset: 2 for CSI-RS resource 1 and 2, 3 for CSI-RS resource 3 and 4
· Configure 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
· TDD pattern: 3D1S1U, S=10D:2G:2U
· Scheduled PDSCH in TDD special slots as baseline
· MCS and Rank 
· MCS 17, Rank 2 as starting point
· Other options are not precluded
· 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
· Encourage interesting companies bring the simulation results in the next meeting for alignment based on R4-2120704


CR work split for FR2 HST UE Demod (information) 
· As rapporteur and moderator, my suggestion is to focus on the technical discussion about the detail test scope and test setup for this meeting, postpone the related CR work split discussion.
Highly appreciated companies contributed FR2 HST demodulation requirement. About 22 CR works split was expected. Suggest companies to balance the CR work load. If other companies are willing to contribute, 
	Section number
	Section title
	Responsible company

	TS 38.101-4

	
	Big CR
	[Samsung]

	7.11
	Applicability of requirements
	Intel

	7.2.2.2.x
	Minimum requirements for PDSCH HST-DPS
	Huawei

	A.3.2
	Reference measurement channels for PDSCH performance requirement 
	Ericsson

	B.3
	High speed Train Scenarios 
	Qualcomm



Reference 
· R4-2120736, Email discussion summary for [101-e][321] NR_HST_FR2_Demod, Samsung, RAN4#101-e meeting
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