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[bookmark: _Toc116995841]Introduction
There are two aspects that require further discussion in relation to UL TX timing requirements in HST FR2 scenarios.
Firstly, there is a number of issues that left open and require correction from NR HST FR2 Rel-17. These open issues are listed in the WF from RAN4#104-e meeting [1], and include both the requirements when large one-shot UL Timing adjustment mechanism is enabled or disabled. If not completely resolved in HST FR2 Rel-17, they should be treated in Rel-18 WI.
Secondly, in the paper we share our view on the enhancements needed in Rel-18 NR_HST_FR2_enh WI and discuss the open issues listed in the WF from the previous RAN4#105 meeting [2], as follows:
· Network signalling/configuration needed for distinguishing inter-RRH and intra-RRH TCI state switches
· UL beam switching when simultaneous reception in DL is enabled
· behavior of UE MAC time alignment timer
· support of UL timing towards two serving RRHs
It is also proposed to send an LS to RAN2 and requires for feedback on the considered signalling and UE MAC behaviour in case of inter-RRH TCI state switch. The draft of the LS can be found in the Appendix to this paper.

[bookmark: _Toc116995842]Discussion
The current requirement on UL TX timing in HST FR2 scenarios is defined in TS 38.133, Clause 7.1.2.3:
	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE

When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
Above,
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.




Clarification and enhancements in Large One-Step UL timing adjustment
Following the WF on UL TX timing from RAN#104-e meeting [1], there are multiple open issue in the way how the requirement above is formulated:
	1 UL timing
1.1 Large one-step UL timing adjustment
Way forward on large one-step UL timing adjustment
Open issue needs further discussion:
· Option 1: Clarify the requirement if target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4]
· Option 1a: If target TCI state is not in the active TCI state list and the DL timing difference is larger than [CP/4], limit the time needed for the UE to follow again clause 7.1.2.1 requirements and to adjust its UL timing within ±Te. It should happen not later than Trs + 2ms after the TCI state switch.
· Option 1b: Same as above, but Tssb is used instead of Trs
· Option 1c: Tq requirement in 7.1.2.1 applicable to UL slots except the first after TCI state switch.
· Option 1d: The gradual timing adjustment step of Tq shall be applied after the one shot uplink timing adjustment after TCI state switch.
· Option 1e: The gradual timing adjustment in 7.1.2.1 with reference timing T_new - (N_TA + N_TA_offset) + 2*(T_old - T_new) is applicable to UL slots except the first after TCI state switch.
· Other options are not precluded
· Option 2: Keep current specification as it is.

Way forward on the value of relaxed UL transmit timing accuracy
Open issue needs further discussion:
· Option 1: Remove square brackets and use ±7Ts as relaxed UL transmit timing accuracy in the current requirement.
· Option 1a: Remove square brackets and use ±7*64*Tc as relaxed UL transmit timing accuracy in the current requirement.
· Option 2: Do not distinguish the case “new target TCI state is not in the active TCI state list” and “in the active TCI state” and use ±7Ts accuracy for both.




Our main concern is that it is still unclear what should be the UE behaviour when the error of ±7*64*Tc (i.e., above ±Te) is present after the TCI state switch. There was no agreement to relax UL TX timing accuracy for HST UE in all conditions, and “The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive.”
[bookmark: _Toc126831978][bookmark: _Toc127537448]It is still not clear from the current Large One-shot UL timing adjustment requirement (clause 7.1.2.3) what requirements on UL TX timing shall be applied after the TCI state switching in a longer term. There is no agreement that relaxed UL TX timing accuracy shall stay and replace existing accuracy of Te in a longer term.

In general, there are only two mechanisms that can by used to adjust UE UL Tx timing within Te after large one-shot UL TX timing adjustment:
1) UL gradual adjustment procedure (7.1.2.1):
“When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te.”
a. However, following the previous discussion it seems that not all of the UEs are capable of following the frame timing change accurate enough to adjust accuracy within Te
b. Moreover, the maximum adjustment that can be done by UE autonomously after the TCI state switch is limited by Tq = 4.5*64*Tc that might not be sufficient to compensate the whole error of ±7*64*Tc.
2) TAC from the NW (7.1.3):
a. The minimal step of TAC at 120KHz SCS is 2*64*Tc. Hence, it can be expected that the NW may identify the error in UL TX timing above Te, that can be up to 3.5*64*Tc, and signal necessary UL timing adjustment to the UE.
In principle, the Tq step should be sufficient to return UL TX timing accuracy within Te if the accuracy is within ±7*64*Tc. Therefore, the UE after some period of time, i.e., after it has received and processed one or several RSs (SSB or TRS), should be able to track DL timing accurately again so that UL TX timing is returned within Te. Hence, one approach would be to limit the period when relaxed accuracy is allowed.
[bookmark: _Toc127537449]The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms, RS can be TRS or SSB.

If gradual UL TX timing adjustment mechanism (1) is not feasible, after the TCI state switch, then it is expected that TAC is issued by the NW because UL TX timing error is above Te. After that, all the requirements, including 7.1.2.1, are applicable again.
[bookmark: _Toc126831979][bookmark: _Toc127537450]UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment.

[bookmark: _Hlk126829743]Another issue that is not taken into account in One-step UL Transmit timing requirements is that the reference timing  is dependent on the value of the timing advance (TA) . The value of TA is signalled to the UE from the NW. However, after the first beam switch with one-shot timing adjustment the information about the value of the TA at the UE and in the NW will get out of synch. Therefore, at the next TCI state switch with large one-step timing adjustment  cannot be used as a reference timing anymore. Whereases the requirements in 7.1.2 explicitly says that
	The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ].






[bookmark: _Ref126827310]Figure 1: An illustration of UE/CPE mobility in HST FR2 scenario.

In the example from Figure 1, UL TA value is defined as follows:
1) RRH1-3 and RRH2-1 belong to different cells. Hence, a HO will be used to switch in between those. HO procedure includes RACH, and TA will be defined by RAR. The value of the TA both at the UE and the NW will be .
2) When the UE is connected to RRH2-1 it may adjust TA either autonomously within Tq or TAC will be issued again in order to return UL TX timing error within Te. Thus, the value of TA at the UE and in the NW before the TCI state switch to RRH2-2 will be .
3) After the TCI state switch from RRH2-1 to RRH2-2, the UE updates TA autonomously with large one-step timing adjustment procedure. Thus,
a. The value of TA at the UE becomes 
b. The value of TA at the NW side is still 
4) While connected to the RRH2-2, the UE again can adjust TA either within Tq or based on TAC. Thus, before the next beam switch
a. The value of TA at the UE becomes 
b. The value of TA at the NW side will be 
5) After the TCI state switch from RRH2-2 to RRH2-3, the UE updates TA autonomously with large one-step timing adjustment procedure.
a. The value of TA at the UE becomes 
b. The value of TA at the NW side will be still 
There is no mechanism defined now for the NW to get information about the timing adjustment performed by the UE during large one-step UL TX timing adjustment procedure. Hence, formally, the requirements neither in 7.1.2.1 or, in general in 7.1.2, cannot be followed directly, especially after the first TCI state switch.
[bookmark: _Toc126831980][bookmark: _Toc127537451]Since the UE adjusts the value of TA autonomously (i.e., independently from the NW) in the case of large one-step UL TX timing adjustment,  cannot be used as a reference in the requirements (clause 7.1.2) after the first TCI state switch.
This ambiguity can be avoided if the NW and the UE can share information about the exact value of one-step UL timing adjustment, i.e., the value of  can be updated based on .
[bookmark: _Toc126831981][bookmark: _Toc127537452]UE needs to report the value of large one-step UL timing adjustment back to the NW.


On NW signalling for inter-RRH TCI state indication
A discussion of the need of inter-RRH indication at the TCI state switch has continued at RAN4#105 meeting [2]:

	2.1 General view on UL timing adjustment solution
Way forward:
The issue requires further study:
· Clarify the improvement or the performance gain compared with existing R17 solution.
· Details on network signalling (based upon Option 3 and 4 captured in WF R4-2120416):
· Option 1: MAC-CE based solutions to inform UE of the TCI state switch is across RRH
· Option 2: Embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signalled in RRC solution
· Other options are not precluded
· Proponents of network signaling are encouraged to provide design details in next RAN4 meeting.



In the current version of UL TX timing requirements, when large one-shot UL timing adjustment is in use (Clause 7.1.2.3), the decision on whether TCI state switch in inter- or intra-RRH is based on difference in DL timing for source and target beams. As we discussed in one of our previous papers [3], the errors in the  can be significant due to the errors in DL timing and also due to the synchronization error in between the source (old) and target (new) RRHs. Therefore, large one-shot adjustment may not be triggered when it is needed causing longer periods of UL TX with wrong timing. For example, it was noted in the WF [4] at RAN4#103-e:
	Issue 1-1-2: The value of DL timing difference threshold
Agreement:
The value of DL timing difference threshold equals 4.5*64*Tc = Tq= CP/4
NOTE: the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.



[bookmark: _Toc127537453]Current condition for large one short UL TX timing adjustment based on  is not very reliable due to possible errors in DL timing and inter-RRH synchronization errors. It was noted in Rel-17 the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.

In the WF from RAN4#104-e meeting [1] these is a related open issue about UL TX timing requirement when large one-step mechanism is disabled:
	1.2 Other remaining UL transmit timing issues
Way forward on UL timing requirement when large one-step mechanism is disabled:
Open issue needs further discussion:
· Option 2: No impact on UE behavior (no additional requirements)
· Option 4: After the TCI state switch, the UE shall not transmit except for RACH preamble in the new target TCI before one of the following conditions is fulfilled:
· the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3;
· the UL transmission is scheduled by the gNB.
In this case, the requirements in clause 7.1.2.1 apply.
· Option 6: Power Class 6 UE initial transmission timing error after the TCI state switch shall be less than or equal to ±Te. Enhance the requirement in 7.1.2.
· Option 7: Introduce a DL timing difference threshold when highSpeedLargeOneStepUL-TimingFR2 is disabled.
· Other options are not precluded




Following the agreement at RAN4#102-e [6], it is necessary to define the requirements in the case when large one-step UL timing adjustment procedure is disabled:
	Agreement:
· The conditions when one shot large UL timing adjustment requirements apply are FFS
· Requirements for the case when [largeOneStepUL-timingFR2-r17] is not enabled need to be defined and are FFS. It is not precluded to reuse legacy requirements.



In the current UL TX timing adjustment requirements, the situation of TCI state switch is not specifically treated. One of the reasons for that is the large jump in propagation delay when the beam is switched in between non-collocated RRH is not common. This situation was not considered in non-HST scenarios and in the previous releases. Therefore, if current requirements are followed directly when large one-step UL TX timing adjustment is disabled in HST FR2 scenario then the Clause 7.1.2 requirement is applicable, i.e.,
	When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.



However, as we know, neither changing the transmission timing according to the received downlink frame nor the NW-signaled TA are not applicable in the case of a significant jump in propagation delay. The only available mechanisms that can be used to acquire the correct UL TX timing adjustment is through the RACH procedure at the TCI state switch.
[bookmark: _Toc127537454]The case of UL TX timing adjustment after TCI state switch in HST FR2 deployments when optional one-shot UL timing adjustment procedure is disabled is not explicitly treated in the requirements. It is not clear that neither gradual timing adjustment nor NW-signalled TA adjustment (TAC) can not be used in the case of inter-RRH TCI state switch. It was agreed at the GtW to resolve this ambiguity in the requirement.

An additional problem in Rel-17 in relation to the fact that UE cannot distinguish in between intra-RRH (PRACH is not needed) and inter-RRH TCI state switched. Therefore, if no transmission restriction is defined for the UE after inter-RRH TCI state switch (Option 4) or UE is not able to detect inter-RRH TCI state switch based on DL timing (Option 7), the UE can potentially transmit with considerably wrong UL timing before TA is adjusted by PRACH procedure. For example, PUCCH transmissions with HARQ feedback or periodic SRS transmissions can happen even without explicit scheduling from the NW. Such a situation is lustrated in Figure 4 below.



[bookmark: _Ref127266045]Figure 4: An illustration of ISI when UL TX timing is wrong after inter-RRH TCI state switch.

[bookmark: _Toc127537455] UL transmissions with wrong UL Tx timing after inter-RRH TCI state switch can cause ISI interference in between UL and DL symbols or in between several UEs of the same train.

Therefore, based on the Observations 3-5 above, we can conclude that UE capability to distinguish inter- and intra-RRH TCI state switch is beneficial both for the case when large one short UL TX timing adjustment is enabled or disabled. In general, such capability can be based either on the difference in DL timing in between source and target beam or based on the NW signalling. The latter option is preferred by us because it is direct, reliable indication.
[bookmark: _Ref127353194][bookmark: _Toc127537456]UE shall be able to distinguish inter-RRH and inta-RRH TCI state switch when large one-shot UL timing adjustment is not in use.

The final design of NW-based inter-RRH indication should be left to RAN2, but our preference is on simple indication in TCI state switch:
[bookmark: _Toc127537457]Use MAC-CE based solution (indication) to inform UE of the TCI state switch across RRHs.

In general, if 5 is agreeable, then an LS can be sent to RAN2 requesting their view on the best approach to indicate inter-RRH TCI state switch to the UE. We can also envisage some other alternatives in addition to Option 1 (MAC-CE based indication) and Option 2 (RRC signalling) discussed before. For example, there is potentially existing way to map SSB CMR into different groups corresponding to RRHs.
[bookmark: _Toc127537458]The design of cross-RRH TCI state switch indication is mostly up to RAN2. Other alternatives in addition to the considered Option 1 (MAC-CE based indication) and Option 2 (RRC signalling) can be envisioned. It is beneficial to request for feedback from RAN2 WG.

When cross RRH TCI state switch indication is available, it becomes clear when the UE shall use RACH procedure at the TCI state switch and when not. Moreover, as discussed above, before the UL timing us correct, UE shall not transmit in UL. It is also inline with the definition of timeAlignmentTimer in TS 38.321, Caluse 5.2:
· timeAlignmentTimerI should be running only when UL time is assumed to be aligned
· timeAlignmentTimer is started or restarted when TAC is received either in RAR message or in MAC CE.
· [bookmark: _Hlk118573711]timeAlignmentTimer is not running, MAC entity shall not perform any UL transmission on a Serving Cell except the RA Preamble and MSGA transmission
Therefore, to address the FFS from RAN4#105 meeting [2]
	2.3 Analysis on the impact of large propagation delay jump on timeAlignemntTimer
Way forward:
FFS, potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer.


we propose to inform RAN2 that timeAlignmentTimer shall be stopped in the case of inter-RRH TCI state switch, and started again when TAC is received in RAR.

UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned.
[bookmark: _Toc127537459]In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after inter-RRH TCI state switch.
In order to clarify the issues in Proposals 5-7, it is beneficial to requires the feedback from the other WGs:
[bookmark: _Toc127537460]RAN4 to prepare an LS to RAN2 (with CC to RAN1) and to request feedback on inter-RRH TCI state switch indication and UE MAC timeAlignmentTimer behavior in this case.

On UL beam switching
As it was discussed at RAN4#105 meeting [2], UL beam or UL spatial relation switching might require special relation in HST FR2 enhanced scenarios:
	2.2 UL transmit timing adjustment at UL beam switch
Way forward:
The issue requires further study:
· Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed
· [bookmark: _Toc118574645]Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs



It is assumed that HST FR2 PC6 UE is equipped with two panels oriented in two opposite directions along the railway track.
In Rel-17, it was assumed that the UE can activate only one panel at a time for transmission (UL) and reception (DL). Therefore, due to beam correspondence in TDD, the change of DL beam always caused the change of the UL beam.
In Rel-18, it is assumed that the UE can receive in DL simultaneously with both panels, i.e., UE can support DL connections to two non-collocated RRHs. Thus, UE should be able to have at least tow DL TCI states in active TCI state list, i.e., to keep time/frequency synchronization to those.
[bookmark: _Toc127537461]Since HST FR2 Enhanced UE is capable of simultaneous reception from two panels, the UE should be able to keep DL time/frequency synchronization to two RRHs.
[bookmark: _Toc127537462]RAN4 to assume that both DL TCI states used for simultaneous DL reception are in active TCI state list of HST FR2 Enhanced UE.

However, for UL transmissions, it is already agreed that the UE is only capable of transmitting with one panel at a time. Therefore, for UL, it should be selected which of the UL beams/panels should be used by the UE for the UL transmissions, and hence, which RRH and beam is used for reception on the NW side. As a result, the change of UE UL beam and DL beam does not always need to happen at the same time. Additionally, after the DL beam change, the new target DL beam may not always be used for UL. An example of such scenario is provided in our previous contribution at RAN4#105 [4].
[bookmark: _Toc118574642][bookmark: _Toc127537463]For PC6 UEs supporting simultaneous multi-panel reception, a difference in UL signal propagation delay can happen not only at DL TCI state switch but also at UL spatial relation switch performed separately.

In order to address such a situation and to perform UL TX timing adjustment, it is necessary either to trigger either RACH procedure or one-shot adjustment, if enabled.
[bookmark: _Toc127537464]Large one-shot UL timing adjustment (Clause 7.1.2.3), if enabled, shall be triggered at inter-RRH MAC-CE based UL spatial relation switch.

The requirements on MAC-CE based spatial relation switch delay is defined in TS 38.133, Clause 8.12.3:
	If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + 1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1 where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].

If the target spatial relation associated to DL RS is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + TL1-RSRP+1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1.



If the target spatial relation associated to DL RS is known, i.e., we can assume that UE is in synch to the corresponding DL beam/RS, then short switching delay seems to be reasonable. However, in the case when DL RS is not known, a longer time may be needed for the UE to synchronize to the new unknown DL beam, i.e., similar to the HST FR2 requirement on DL MAC-CE based TCI stat switching from 8.10.3A when target beam is not 
[bookmark: _Toc127537465]RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.

If spatial relation switch can be made only to the know DL RSs, then it can be assumed that UE is already in synch with the target DL beam/RS. Consequently, if UE can support two TA loops, it can continue gradual timing adjustment of UL TA even when the corresponding DL beam is not used for UL. As a results, there is no need to identify whether the UL beam switch is inter-RRH and to perform RACH-based or large one-shot UL timing adjustment at every spatial relation switch. Such capability does not contradict the previous agreement that only one panel can be used for UL TX.
[bookmark: _Toc127537466]UL TX timing adjustment procedure can be simplified if multi-RX capable HST FR2 UE can continue adjusting UL TX timing for both beams/RSs used in DL. Such capability does not contradict the previous agreement that only one panel can be used for UL TX.
[bookmark: _Toc127537467]PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjsuting UL TX timing corresponding to two known DL beams/RSs, e.g., by possessing two UL TA loops.

[bookmark: _Toc116995848]Conclusion
In the paper we provide a comprehensive analysis of the open issues related to the UL TX timing adjustment in HST FR2 deployments. We cover both the issues left open in Rel-17 requirements but also consider several possible enhancements for Rel-18. Additionally, we propose to initiate a request from RAN2 on inter-RRH indication and UE MAC timeAlignmentTimer behaviour.
The following Observations and Proposals were made:
On necessary clarifications in Large One-step UL TX timing adjustment:
Observation 1: It is still not clear from the current Large One-shot UL timing adjustment requirement (clause 7.1.2.3) what requirements on UL TX timing shall be applied after the TCI state switching in a longer term. There is no agreement that relaxed UL TX timing accuracy shall stay and replace existing accuracy of Te in a longer term.
Proposal 1: The time needed for the UE to follow again clause 7.1.2.1 requirements (i.e., to adjust its UL timing within ±Te) after large one-shot UL timing adjustment is Trs + x ms, RS can be TRS or SSB.
Proposal 2: UL Transmit timing shall follow the requirements in 7.1.2.1 again at latest after the first TAC that follows one-step UL timing adjustment.
Observation 2: Since the UE adjusts the value of TA autonomously (i.e., independently from the NW) in the case of large one-step UL TX timing adjustment,  cannot be used as a reference in the requirements (clause 7.1.2) after the first TCI state switch.
Proposal 3: UE needs to report the value of large one-step UL timing adjustment back to the NW.

On inter-RRH TCI state indication and RACH-based UL timing adjustment:
Observation 3: Current condition for large one short UL TX timing adjustment based on  is not very reliable due to possible errors in DL timing and inter-RRH synchronization errors. It was noted in Rel-17 the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.
Observation 4: The case of UL TX timing adjustment after TCI state switch in HST FR2 deployments when optional one-shot UL timing adjustment procedure is disabled is not explicitly treated in the requirements. It is not clear that neither gradual timing adjustment nor NW-signalled TA adjustment (TAC) can not be used in the case of inter-RRH TCI state switch. It was agreed at the GtW to resolve this ambiguity in the requirement.
Observation 5: UL transmissions with wrong UL Tx timing after inter-RRH TCI state switch can cause ISI interference in between UL and DL symbols or in between several UEs of the same train.
Proposal 4: UE shall be able to distinguish inter-RRH and inta-RRH TCI state switch when large one-shot UL timing adjustment is not in use.
Proposal 5: Use MAC-CE based solution (indication) to inform UE of the TCI state switch across RRHs.
Observation 6: The design cross-RRH TCI state switch indication is mostly up to RAN2. Other alternatives in addition to the considered Option 1 (MAC-CE based indication) and Option 2 (RRC signalling) can be envisioned. It can be beneficial to request for assistance from RAN2 and RAN1 WGs.
Proposal 6: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after inter-RRH TCI state switch.
Proposal 7: RAN4 to prepare an LS to RAN2 (with CC to RAN1) and to request feedback on inter-RRH TCI state switch indication and UE MAC timeAlignmentTimer behaviour in this case.

On UL beam switching and UL TX timing adjustment:
Observation 8: Since HST FR2 Enhanced UE is capable of simultaneous reception from two panels, the UE should be able to keep DL time/frequency synchronization to two RRHs.
Proposal 8: RAN4 to assume that both DL TCI states used for simultaneous DL reception are in active TCI state list of HST FR2 Enhanced UE.
Observation 9: For PC6 UEs supporting simultaneous multi-panel reception, a difference in UL signal propagation delay can happen not only at DL TCI state switch but also at UL spatial relation switch performed separately.
Proposal 9: Large one-shot UL timing adjustment (Clause 7.1.2.3), if enabled, shall be triggered at inter-RRH MAC-CE based UL spatial relation switch.
Proposal 10: RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.
Observation 10: UL TX timing adjustment procedure can be simplified if multi-RX capable HST FR2 UE can continue adjusting UL TX timing for both beams/RSs used in DL. Such capability does not contradict the previous agreement that only one panel can be used for UL TX.
Proposal 11: PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjsuting UL TX timing corresponding to two known DL beams/RSs, e.g., by possessing two UL TA loops.

[bookmark: _Toc116995849]
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Appendix: Proposed LS to RAN2 and/or RAN1

3GPP TSG-RAN WG4 Meeting #106	R4-230XXXX
Athens, Greece, February 27 – March 3, 2023

[bookmark: _Hlk41686089]Title:	[Draft] LS on Inter-RRH TCI State Switch in HST FR2 Scenarios
Response to:	- 
Release:	Rel-18
Work Item:	NR_HST_FR2_Enh

Source:	RAN4
To:	RAN2
Cc:	RAN1

Contact Person:	
Name:		Dimitri Gold
E-mail Address:		dimitri.gold@nokia.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	none


1. Overall Description:
RAN WG4 have started working on the WI Enhanced NR support for high speed train scenario in FR2 at RAN4#104-bis-e meeting and have reached the following conclusions:
· In HST FR2 deployments the UE can experience a large jump in propagation at the inter-RRH TCI state switch
· it was found to be beneficial to provide the UE an indication of cross-RRH TCI state switch to ensure reliability and accuracy of UL TX timing adjustment.
Tow main options for such indication were considered in RAN4 (based upon Option 3 and 4 captured in WF R4-2120416):
· Option 1: MAC-CE based solutions to inform UE of the TCI state switch is across RRH
· Option 2: Embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signalled in RRC solution

· UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned.
· There are certain periods of time after inter-RRH TCI state switch and before UL TX timing adjustment when UL time 
Based on the understanding above, RAN4 have the following questions to RAN2:
Question 1: RAN4’s understanding is that the design of cross-RRH TCI state switch indication is up to RAN2. Therefore, RAN4 would like to get RAN2 response on whether there are exiting ways to provide such indication to what the preferred way could be to introduce new indication.
Question 2: RAN4 would like to ask RAN2 what should be the expected behaviour of UE MAC timeAlignmentTimer before UL TX timing is adjusted after inter-RRH TCI state switch.

2. Actions: RAN4 respectfully asks RAN2 to answer Question 1 and Question 2.

3. Dates of Next RAN WG1 Meetings:
TSG-RAN WG4 Meeting #106bis-e	17th - 26th April 2023 		e-Meeting
TSG-RAN WG4 Meeting #107                   22nd - 26th May 2023		Incheon, KR 
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