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Introduction
In RAN4 #101-e meeting WF on HST FR2 demodulation requirements was agreed[1]. Channel model parameters and scope of UE performance requirements was mainly confirmed. In this paper we provide our view on the remaining open issues related to max Doppler frequency for bi-directional deployment and test setup for DPS Tx scheme. 
[bookmark: _Hlk61630765]Discussion
Doppler frequency for PDSCH requirements
In the previous meeting it was agreed to consider 9722 Hz max Doppler frequency for uni-directional deployment scenario. For bi-directional deployment there are three options still: 
	· [bookmark: _Hlk71207272]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 requirements pending on UE capability for Bi-directional scenario
· 9722Hz
· 7000Hz
· Option 3: Two sets of requirements pending on UE capability for Bi-directional scenario
· 9722Hz
· 5652Hz with 0.1ppm FOE error and 10% safety margin
· 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 3 with 5652 Hz Doppler frequency was derived based on an assumption on 0.1 PPM frequency error + additional 10% safety margin for estimation errors. However, in RAN4 #99e it was agreed to not consider UE frequency error for max Doppler frequency calculations [2]. Similar procedure was used during the HST FR1 requirements definition. 
Observation #1: Option 1 contradicts with previous agreement to not take into account any extra UE frequency error margins to derive max supported Doppler frequency. 
Option 1 proposes to define requirements only with 9722Hz max Doppler frequency. Support of this frequency requires SSB+TRS frequency tracking in case of inter-RRH TCI state switching type. In addition, Option 1a proposes network assistance to indicate to HST FR2 UE TCI switching and deployment types.
The following enhancements were proposed for further discussion:

	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
Way forward:
· FFS on introduction higher layer signaling (i.e. 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 signaling 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 signaling, from demodulation perspective


As we see baseline assumption is no new network assistance because clear benefits are not identified.
In general, after receiving TCI state switching command UE should apply new QCL assumptions associated with a new configured SSB beam. From UE perspective there is no difference whether switching is performed within same RRH or to another RRH. In this case, even in low mobility conditions after TCI state switching UE should perform SSB based frequency measurements to address possible difference of LO frequency between different RRHs. 
In our understanding, described procedure is a conventional UE behaviour after switching of Tx beam and associated TCI state regardless of low of high-speed conditions. 
Observation #2: Conventional UE implementation assumes implementation of SSB based frequency estimation. 
Proposed network assistance allows in HST-FR2 bi-directional deployment to skip SSB based frequency measurement when intra-RRH TCI state switching is configured. However, considering 700m as an inter-RRH distance, 350 km/h train speed, Tx scheme 2, and 2 Tx beams from each RRH in each direction, UE needs 14.4s to reach RRH #n+2 from RRH #n. Within this 14.4s UE needs to perform only 7 TCI state switches where 3 out of 7 is inter-RRH. Additional 4 SSB based frequency measurements per 14.4s for intra-RRH switches cannot impact UE implementation complexity or requirement on UE power consumption. In this case we do not see necessity to introduce network assistance signalling to indicate type of TCI state switching. The same logic is applicable for the indication of the deployment type. 
Observation #3: Network assistance signaling on TCI state switching type or deployment type does not provide reasonable performance or implementation benefits. 
Considering that UE always implemented with SSB based rough frequency offset estimations we also do not see a value to define two sets of requirements for different speeds. Therefore, we propose to define HST-FR2 performance requirements for bi-directional deployment only with 9722 Hz Doppler frequency and new without network assistance. 
Proposal #1:	Define HST-FR2 performance requirements for bi-directional deployment only with 9722 Hz Doppler frequency. Do not define network assistance signalling to indicate TCI state switching type or deployment type (Option 1b).

DPS Tx scheme configuration
There are some remaining open issues for DPS Tx scheme configuration. One of the issues relates to throughput statistics calculation:
	· 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  
· Option 2: 
· THARQ +TMAC Proc +TfirstRS + TRS_proc
· Option 3: 
· Bi-directional scenario DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc
· Uni-directional scenario DPS scheme 1b, THARQ +TMAC Proc
· Option 4 
· [bookmark: _Hlk92639646]Bi-directional scenario DPS scheme1a, THARQ +TMAC Proc +TfirstSSB + TSSB proc + TfirstTRSafterSSB+ TTRS pro
· Uni-directional scenario DPS scheme1b, THARQ +TMAC Proc


In Rel-16 FR1 HST-DPS test cases different interruption time for PDSCH statistic calculation is assumed for DPS scheme 1a and 1b. In scheme 1b UE does pre-tracking of second TCI state hence after processing of TCI state switching command UE can receive PDSCH with new TCI state without waiting of new SSB and TRS resources. In this case interruption time is limited only by THARQ +TMAC Proc. However, for scheme 1a UE needs to wait new SSB and TRS resource. Since HST-DPS FR1 test setup guarantees that new SSB will be received before new TRS, interruption time is defined as THARQ +TMAC Proc +TfirstTRS +TTRS Proc. We think that the same test setup can be reused for FR2. In this case we propose modified Option 3 from the previous meeting:
Proposal #2:	PDSCH allocation timeline should include:
· Bi-directional 1a scheme: THARQ +TMAC Proc +TfirstTRS +TTRS Proc
· Test setup should ensure that new SSB is received before new TRS.
· Uni-directional 1b scheme: THARQ +TMAC Proc

The following options we proposed for further discussion on TRS and SSB periodicity:
	· 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


The intention of Option 2 is to enable reception of the first new SSB is before the first new TRS. However, FR1 HST requirements for multi-RRH deployment assume 10ms TRS periodicity. We prefer to consider the same value that is more typical for high-speed conditions. We can modify test setup to ensure reception of SSB before TRS by changing SSB position configuration. Conventional assumption is that SSB is transmitted from the first slot. Considering that THARQ = 4 slots, TMAC Proc = 24, start SSB position in a burst can be 29.
Proposal #3:	Consider 20ms and 10ms SSB and TRS periodicity receptively. Consider SSB position in the burst as 29.

Simulation results
In this section we provide PDSCH performance evaluation according to the agreed simulation assumptions summarized in Table 1.
Table 1. PDSCH simulation assumptions
	Parameter
	Values

	CBW and SCS
	200 MHz + 120 kHz

	Antenna configuration
	2x2

	Channel model
	HST Unidirectional A, Bidirectional B. 
9722 Hz max Doppler frequency

	Number of additional DMRS
	2

	MCS, Rank
	MCS 17 + Rank 2



	[image: ]

	Figure 1. PDSCH demodulation performance in HST FR2


Table 2 summarizes ideal and impairments results.
Table 2. PDSCH link-level performance
	
	Ideal results, dB
	Impairment results, dB

	Scenario A
	10.8
	13.3

	Scenario B
	10.8
	13.3


 
UE feature to support HST-FR2 operation
A dedicated UE PC 6 for “High Speed Train Roof-Mounted UE” was defined in the previous meeting [3]. Such type of UE should meet all corresponding RF, and enhanced RRM and demodulation requirements to guarantee reliable operation in HST FR2 deployments. Since these requirements are defined for a specific UE and will not be applicable separately for other UEs, we suggest defining a single UE feature as “Support of FR2 HST operation” with components that capture RF, RRM and demod aspects. FR2 UE PC6 signaling will be sufficient to indicate support of the whole feature group. In this case granularity of this feature should be per-band since FR2 PC indication is defined per-band granularity. The detailed proposed feature group can be found in our companion paper [4].
Proposal #4:	Define UE feature to support HST-FR2 operation according to the following Table:
	Feature group
	Components

	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note
	Mandatory/Optional

	Support of FR2 HST operation
	1) Support of FR2 UE PC6
2) Support of enhanced RRM requirements for FR2 HST
3) Support of demodulation processing for FR2 HST 
	Yes
	UE is not able to meet the enhanced requirements in HST FR2
	Per Band
	FR2 UE power class PC6 signalling is used to indicate support of feature group
	Optional with capability signalling




Conclusion
In this paper we provide our view on HST FR2 DL demodulation requirements. In summary, we make the following proposals:
Proposal #1:	Define HST-FR2 performance requirements for bi-directional deployment only with 9722 Hz Doppler frequency. Do not define network assistance signalling to indicate TCI state switching type or deployment type (Option 1b).
Proposal #2:	PDSCH allocation timeline should include:
· Bi-directional 1a scheme: THARQ +TMAC Proc +TfirstTRS +TTRS Proc
· Test setup should ensure that new SSB is received before new TRS.
· Uni-directional 1b scheme: THARQ +TMAC Proc
Proposal #3:	Consider 20ms and 10ms SSB and TRS periodicity receptively. Consider SSB position in the burst as 29.
Proposal #4:	Define UE feature to support HST-FR2 operation according to the following Table:
	Index
	Feature group
	Components

	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note
	Mandatory/Optional

	x-1
	Support of FR2 HST operation
	1) Support of FR2 UE PC6
2) Support of enhanced RRM requirements for FR2 HST
3) Support of demodulation processing for FR2 HST 
	Yes
	UE is not able to meet the enhanced requirements in HST FR2
	Per Band
	FR2 UE power class PC6 signalling is used to indicate support of feature group
	Optional with capability signalling
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