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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Work on RRM requirements for train-mounted UE in high speed train scenario in FR2 [1] continued during the RAN4#100e meeting, with outcome in terms of agreements and open issues captured in WFs [2, 3].
Two of the open issues concern effects of propagation delay differences when the UE moves out of the coverage of one beam and into the coverage of another beam in a uni-directional deployment.
In this contribution we provide our views on how timing changes due to propagation delay difference between beams can be handled.
Discussion
The following pertaining to timing was captured in the WF.  
	Downlink timing
· In FR2 HST scenario, PSS/SSS detection is robust enough to handle the ISI and time difference
· RAN4 will not introduce the SSB index allocation limitation in the specifications for FR2 HST scenarios 
Uplink timing 
· RAN4 will further study the below options to address uplink timing issues 
· Option 1: One shot UE autonomous large uplink timing adjustment
· Option 2: Other implementation/deployment based solution 
Scheduling restriction 
· Study the impact of timing different between beams on measurement and demod to decide whether scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc) used for L1-RSRP measurements.



Regarding timing, two open issues remain:
· How to handle uplink timing when UE goes out of one beam and into the next
· Whether to introduce scheduling restrictions in OFDM symbols before and after resources used for L1-RSRP measurements

Uplink timing

Dynamic point selection (DPS) is to be used for unicast transmissions on downlink in FR2 HST uni-directional deployments. In DPS, there is a single transmission point at a time, unlike in single frequency network (SFN) where multiple points may transmit simultaneously. Moreover, different beams under each RRH are associated with different TCI states. Connected mode mobility therefore is based on that UE is reporting L1-RSRP measurements which indicate to network that UE is within coverage of the target beam, by which network commands the UE to switch TCI state from the one associated with current beam to the one associated with the target beam.

When switching to target beam, the UE may experience a large change in downlink timing since the propagation between transmission point for source and target beams differ by one inter-site distance. With the assumed 700m ISD, the receive time difference between source and target beams becomes 2.33µs.

For the FR2 HST deployment scenario it is further assumed that the UE is transmitting on uplink using the same spatial transmission filter as when receiving on the downlink. In other words, it is assumed that the same RRH is both downlink transmitter point and uplink receiver point. Concretely UE may be configured with PUCCH and PUSCH settings as specified in TS 38.213 and TS 38.214 (see below), such that a change in TCI state for PDCCH also leads to a corresponding change in spatial transmission filter on the uplink without the need for additional explicit configuration of spatial relation. Then when TCI state is changed on the downlink, and the downlink timing changes say 2.33µs, the optimal change of timing advance is 4.66µs.

	TS 38.213
[bookmark: _Toc12021477][bookmark: _Toc20311589][bookmark: _Toc26719414][bookmark: _Toc29894849][bookmark: _Toc29899148][bookmark: _Toc29899566][bookmark: _Toc29917303][bookmark: _Toc36498177][bookmark: _Toc45699203][bookmark: _Toc74762942]9.2.2	PUCCH Formats for UCI transmission
[...]
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPL-ForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell. For a PUCCH transmission over multiple slots, a same spatial setting applies to the PUCCH transmission in each of the multiple slots.
[...]



	TS 38.214
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc75165351]6.1	UE procedure for transmitting the physical uplink shared channel
[bookmark: _Hlk498514022][...]
[bookmark: _Hlk512252948]For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Clause 9.2.1 of [6, TS 38.213]. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPL-ForPUSCH0-0 is set 'enabled', the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPL-ForPUSCH0-0 is set 'enabled', the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell.
[...]



We propose that when the UE is commanded to carry out TCI state switching and spatial relation switching (implicitly following TCI state switching, or explicitly commanded in the same MAC PDU as providing the TCI state activation), the UE shall carry out a one-shot timing adjustment for the UL transmit timing, i.e. UE shall modify the timing advance relative to the new DL timing by twice the receive time difference. One-shot timing adjustment has been discussed before (see TS 38.133 V15.8.0 below), but was removed from the Rel-15 baseline in 2020 since companies could not agree on under which conditions the UE should carry out the one-shot timing adjustment.


	TS 38.133 V15.8.0 (2019-12)
7.1.2.2 	One shot timing adjustment
When the magnitude of the T exceeds H then the UE shall adjust its transmission timing in one adjustment only once provided that the following conditions are met at the UE. Otherwise when the the magnitude of the T ≤ H then the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
-	SSB_RP and SSB Ês/Iot according to Annex B.2.6.1 for a corresponding operating Band,
The UE transmit timing immediately after applying the one shot timing adjustment shall be: . After applying the one shot timing adjustment the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
Where: 
-	T1 is the reception time at the UE just before the one shot timing adjustment,
-	T2 is the reception time to be used at the UE just after the one shot timing adjustment,
-	H is defined in table 7.1.2.2-1.
Table 7.1.2.2-1: The value of H
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals s(kHz)
	H [Tc]

	1
	15
	15
	TBD

	
	
	30
	TBD

	
	
	60
	TBD

	
	30
	15
	TBD

	
	
	30
	TBD

	
	
	60
	TBD

	2
	120
	60
	TBD

	
	
	120
	TBD

	
	240
	60
	TBD

	
	
	120
	TBD






Our view here is that for the one-shot timing adjustment applicable to HST FR2 scenarios, there would be no need to consider whether the timing change is large enough to allow a one-shot timing adjustment (threshold H in earlier discussions; see above). Instead UE shall always adjust the timing advance when changing TCI state. The network node would additionally be aware of the point in time at which the is UE modifying its uplink timing, since the TCI state change is commanded by the network node which additionally is to receive uplink transmissions from the UE through the RRH transmitting the target beam on downlink.

Proposal 1: UE in FR2 HST uni-directional deployment scenario shall carry out one-shot timing adjustment when commanded by network to carry out a TCI state change.

To summarize, the flow would be as follows.

1. UE is configured by network node to monitor a set of beam indexes in serving cell.
2. UE detects new beam among the set of beam indexes to monitor.
3. UE reports beam measurements to the network node.
4. Network node configures UE with TCI state that is based on the reported beam.
5. UE switches to using the TCI state associated with the reported beam, and carries out a one shot timing adjustment
6. Network node transmits using the new TCI state.


Scheduling restrictions

For measurements in SMTC windows (L3 measurements), a scheduling restriction that applies to an OFDM symbol immediately before and immediately after consecutive SSB symbols has been specified (see below), with the justification that there may be receive time differences between serving and neighbour cells. 

	The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.



For L1-RSRP measurements on SSB bursts, existing scheduling restriction only applies for the symbols carrying the SSB, i.e., there is no restriction in symbols before or after.

	The following scheduling restriction applies due to L1-RSRP measurement.
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-perssitent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on serving cell where L1-RSRP measurement is performed apply to all serving cells in the band on the symbols that fully or partially overlap with restricted symbols.



Without scheduling restrictions in one symbol before and after consecutive SSB symbols, L1-RSRP measurements for beam management may partly overlap e.g. PDCCH or PDSCH reception due to the timing differences of e.g. 2.33µs when ISD 700m is assumed. Although the network can avoid such clashes by proper configuration, it would complicate the UE receiver design to have to take such potential clashes into account. We therefore propose the following restriction on the network scheduler.
 
Proposal 2: Introduce limitation on that for HST FR2 operation, scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc) used for L1-RSRP measurements.
Summary and Conclusion
In this contribution we have provided our views on how timing changes due to propagation delay difference between TCI states can be handled in HST FR2 uni-directional scenario. The following proposals are made:

Proposal 1: UE in FR2 HST uni-directional deployment scenario shall carry out one-shot timing adjustment when commanded by network to carry out a TCI state change.

Proposal 2: Introduce limitation on that for HST FR2 operation, scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc) used for L1-RSRP measurements.
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