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[bookmark: _Toc116995841]Introduction
The work on possible enhancements of UL TX timing adjustment mechanisms in HST FR2 deployments have continued at RAN4#106 meeting. Based on the WF [1], the following issues require further discussion:
· Network assistance signaling for cross-RRH TCI state switch
· UL TX timing adjustment at UL beam switch
· The behavior of UE MAC timeAlignemntTimer at cross-RRH TCI state switch
Additionally, based on the Rel-17 HST FR2 maintenance discussion the following issue require further clarification [2]:
· Requirements on UL TX timing after one-shot large timing adjustment
In the paper, we share our view on the open issues listed above.
It is also proposed to send an LS to RAN2 and on cross-RRH MAC-CE based indication and on UE MAC timeAlignemntTimer behavior in case of cross-RRH TCI state switch. The draft of the LS can be found in the Appendix to this paper.

[bookmark: _Toc116995842]Discussion
Requirements on UL TX timing after one-shot large timing adjustment
One open issue left for maintained from HST FR2 Rel-17 WI [2]:
	Return within ±Te accuracy after large one-shot UL timing adjustment
Way forward:
FFS: the mechanism for the UE to return within ±Te and the reference timing point for the UL TX timing requirement after large one-step timing adjustment:
· Option 1: The time needed for the UE to follow again clause 7.1.2.1 requirements is Trs + x ms, i.e., to adjust its UL timing within ±Te after large one-shot UL timing adjustment
· Option 2: UL TX timing after the TCI state switch shall follow the requirements in 7.1.2.1 again after the the TAC that follows one-step UL timing adjustment.
· Option 3: No change is needed.
· Other options are not precluded



Since the discussion of the UL timing adjustment mechanism continues in NR_HST_FR2_enh WI in Rel-18 we see it beneficial to clarify the issue above.
The assumed inter-RRH distance in HST FR2 deployments is 750 m that results in around 2.5us propagation delay difference in between the RRHs in Scenario-A. Since the UE is synchronized to the DL signals that already include propagation delay, the necessary adjustment in UL TX timing at the inter-RRH beam switch is twice as large as the DL propagation delay difference and equals  = 5.0us.
One issue related to one-shot UL timing adjustment procedure is that the information about the value of UL TX Timing Advance (TA) is not aligned in between the UE and the NW anymore because NW is not aware about the exact value of timing adjustment performed by the UE. Therefore, [image: ]value cannot be used anymore as a reference for the requirements in TS 38.133, Clauses 7.1 and 7.3, and it is not clear which/how the requirements should be applied to the UE.
Based on the offline discussion with some of the companies during RAN4#106 meeting, it may be assumed that after one-shot adjustment the UE starts to apply gradual timing adjustment procedure to compensate for the large one-shot timing adjustment and to align the information about UL TA in between the UE and the NW.
For the HST FR2 scenarios, the value of Tq was redefined and equals 4.5*64*Tc = 147ns for 120 kHz SCS. This means that the UE can adjust uplink timing following the rules from Clause 7.1.2.1:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms for SCS of UL signals smaller or equal to 120 kHz and 100 ms for SCS of upling signals larger or equal to 480 kHz.
For the train travelling at maximum speed of 350km/h it takes 7.7s to cover the inter-RRH distance of 750m. Taking into account that the Tq adjustments can be made every 200ms, 38 consecutive gradual timing adjustments can be made by the UE. This results in 5.6us of total accumulated timing adjustment.
Indeed, the sequence of gradual timing adjustments can be potentially used to align UL TA value in between the UE and the NW, however, only to the moment of the next expected TCI state switch.
Gradual timing adjustment requirement is still defined with the reference to the [image: ] value (Clause 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. The reference timing shall be [image: ] before the downlink timing of the reference cell.


However, after the one-shot large timing adjustment this reference cannot be used because (Clause 7.1.2.3)
	the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.



As a result, there is practically no requirement that defines UE behaviour and the accuracy of UL TX timing in between the inter-RRH TCI state switches.
[bookmark: _Toc131673549]The mechanism of UL timing adjustment in between the TCI state switches involving one-shot large UL TX timing adjustment is not described neither in TS nor in the TR. Moreover, Gradual timing adjustment requirement in Clause 7.1.2.3 cannot be applied directly after the one-shot large timing adjustment, hence, the UE behaviour and accuracy of UL TX timing are undefined.
[bookmark: _Toc131673550]RAN4 to clarify the applicability of gradual timing adjustment requirement (Clause 7.1.2.1) in between the one-shot large UL timing adjustments for FR2 Power Class 6 UE.

One possible solution to the issues described above would be to avoid the misalignment in between the values of UL TX TA in between the UE and the NW after one-shot large UL timing adjustment. This can be achieved if UE reports the value of the adjustment back to the NW.
[bookmark: _Toc131673551]UE to report the value of one-shot large UL timing adjustment back to the network.

Network assistance signaling for cross-RRH TCI state switch
At the last RAN4#106 meeting it was agreed to focus only on the MAC-CE based signalling of cross-RRH TCI state switch:
	Network signalling assistance
Agreement:
· Do not consider RRC based solutions to inform UE of the TCI state switch across RRH.
Way forward:
· FFS: Introduce MAC-CE based solutions to inform UE of the TCI state switch across RRH
· FFS: RAN4 informs RAN2 that the following additional information shall be added for TCI State Indication for UE-specific PDCCH MAC CE, for Rel-18 FR2 HST scenario: 
· [1] bit indication for whether or not UE shall follow the one shot large UL timing adjustment specified in clause 7.1.2.3 in TS38.133 when switching to the TCI State ID contained in the MAC-CE



Regarding the need of cross-RRH TCI state indication, we see the following benefits of this solutions:
1) In general, MAC-CE is much more reliable indication distinguishing intra- and inter-RRH TCI state switches than the threshold on DL propagation delay difference currently defined in Clause 7.1.2.3.
2) For the UEs that do not support fine time tracking of non-serving beams or when the target beam is not in the active TCI state list an additional TCI state switching delay should be assumed (Clause 8.10.3A), even for co-located beams. Additional TCI state switching delay can be avoided when it is known that TCI state is intra-RRH.
3) Finally, such indication can benefit not only the one-shot large UL TX timing adjustment procedure, but when this procedure is disabled also. Based on such indication, the UE could be aware whether UL timing stays without changes or PRACH procedure is expected.
Summarizing all the benefits of the solutions listed above we see it beneficial to introduce cross-RRH indication in the TCI state switch MAC-CE command to the HST FR2 UEs.
[bookmark: _Toc131673552]MAC-CE based signalling is a reliable way to indicate UE about cross-RRH TCI state switch, i.e., to inform whether UL TX timing should be adjusted or not, and helps to avoid additional switching delays.
[bookmark: _Toc131673553]Introduce indication in MAC-CE TCI state switching command to inform UE of the TCI state switch across RRH in HST FR2 deployments.

On UE MAC timeAlignmentTimer behavior
One open issue related to the cross-RRH TCI state switching discussed aBOVE is the behaviour of the UE MAC timeAlignemntTimer [1]:
	Impact of large propagation delay jump on timeAlignemntTimer
Way forward:
· FFS: Potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after inter-RRH TCI state switch
· Option 2: Not to introduce timeAlignemntTimer enhancements at UL timing adjustment.
· Other options are not precluded.



As we discussed in our previous papers, e.g., in [3] 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. Additionally, when there are more than one UEs installed on the same train, UL transmissions with wrong timing from one of the UEs can considerably impact the operation of the other UEs, both in DL and UL.
[bookmark: _Toc127537455][bookmark: _Toc131673554]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.

On the other hand, by definition in the TS 38.321, Clause 5.2, the UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned. Before, in Rel-17, the UE may not have information whether the TCI state switch is expected to be cross-RRH or not in the case when one-shot large timing adjustment is disabled. However, if new signalling is agreed, there is a clear indication for the UE whether PRACH procedure (cross-RRH TCI state switch) is expected or not. Hence, this indication can be used to stop timeAlignmentTimerI after the TCI state switch. Then, there is already existing timer behaviour that it is started or restarted when TAC is received either in RAR message or in MAC CE, i.e., after the PRACH.
[bookmark: _Toc131673555]By definition, UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned. When timeAlignmentTimer is not running, MAC entity shall not perform any UL transmission except the RA Preamble and MSGA transmission.
Therefore, the only difference to be introduce in the timer behaviour is stopping it after cross-RRH TCI state switch. This will also avoid the interference issue described above.
[bookmark: _Toc127537459][bookmark: _Toc131673556]In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after cross-RRH TCI state switch.
[bookmark: _Toc127537460][bookmark: _Toc131673557]RAN4 to prepare an LS to RAN2 and to inform about the need to introduce cross-RRH TCI state switch indication and UE MAC timeAlignmentTimer stop after cross-RRH TCI state switch.

UL TX timing at UL spatial relation switch
WF [1] lists the following issues on UL transmit timing adjustment at UL beam switch:
	Way forward: 
· FFS: Whether requirements on UL transmit timing adjustment at UL spatial relation switch are needed.
· FFS: Whether PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs



There are multiple factors that can cause a need for a significant UL TX timing adjustment at UL spatial relation switch, i.e., due to a significant change of DL timing above the threshold defined in Clause 7.1.2.3 of TS38.133 (CP/4 = 0.57us/4 = 142.5 ns):
1. Closeness of the signal strength in the areas with equal distances to the source and target RRHs
2. The variation of received signal strength, i.e., slow fading
3. Errors in the RSRP measurements that also impact the location of the beam switch (see SS-RSRP measurement accuracy requirements).
4. Synchronization errors in between non-collocated RRHs
5. Errors in the evaluation of DL timing used as a reference for UL timing
As a result, the location of the UL beam switch can be distributed far away from the middle in between the RRHs. Combined with the non-synchronicity in DL timing in between the source and target RRHs this can cause significant errors in the UL timing in the target RRH.
Additionally, it is practically impossible to guarantee that the UL RX beam is always switched to the target RRH with similar propagate time to the source RRH.
However, 142.5 ns corresponds to the very small area along the railway track of 3*10^8 m/s*142.5*10^-9s = ±43 m around the mid distance among the RRHs. Taking into account that the errors in synchronization of non-collocated RRHs can be easily on the level of ± 50 ns or even above, the area for UL spatial relation switch without significant jump in propagation delay is only around ±20 m in the best case.
[bookmark: _Toc131673558]The area where the propagation delays among serving and target RRHs are close to each other, i.e., there is not need in large UL TX timing adjustment, is very narrow, around serval tenths of meters.

Next, we compare this small UL timing adjustment area without propagation delay jump in between the source and target RRHs to the potential region where the beam switch may happen.
For illustrative purpose, we demonstrate the factors listed above in the bi-directional scenario shown in Figure 1, where the UL spatial relation switch is needed without DL TCI state switch.



[bookmark: _Ref131504743]Figure 1: Illustration of Bi-directional Scenario-B deployment with UE capable of simultaneous two-panel DL reception, where UL spatial relation switch takes place without DL TCI state switch.
In Figure 1, in Position 1, the UE is served by two DL beams simultaneously, i.e., from RRH 5 and RRH8. However, since it is closer to RRH5, UE is transmitting only towards RRH5. In Position 2, the UE has moved closer to RRH8. UE is still served both from RRH5 and RRH8 in DL, but UL Rx beam needs to be switched to RRH8.
The corresponding RSRP traces per each RRH of the RRH are shown in Figure 2. Note that RSRP values include all radio propagation impacts into account, i.e., RRH TX beamforming, UE RX beamforming, pathloss and fading. RSRP values for RRH8 and RRH5 are very close to each other in a wide area under RRH6&RRH7. This area is at least several hundreds of meters in size. Consequently, the UL beam switch can happen much closer to one RRH than to the other one causing significant difference in propagation delays.
Additionally, there are areas, where signal strengths from several RRHs are close to each other. In such areas, like the one showed in Figure 2 around 5000m horizontal coordinate, the UL RX beam might be changed to RRH5 or to RRH7. Propagation delay to the RRH5 it much higher than to RRH 7. Even though the UE in DL might be connected both to RRH6 and RRH8 in this region, it is not obvious witch of the RRHs will be selected for UL.

[image: ]
[bookmark: _Ref131596568]Figure 2: RSRP traces per each RRH in bi-directional Scenario-B deployment from Figure 1.

The analysis above was performed for bi-directional Scenario-B, but the same conclusions can be also expected for Scenario-A.
[bookmark: _Toc131673559]It is impossible to guarantee that UL spatial relation switch in bi-directional scenarios always follows DL TCI states switch and happens without significant changes in UL TX timing. There are multiple reasons for that: variability in beam switching locations, non-synchronicity in between source and target RRHs, errors in measurements and DL synchronization, etc.

It is necessary to ensure, that there is always a mechanism that can be used to adjust UL TX timing according after the UL spatial relation change. One way is still to use PRACH procedure, but in the case when one-shot lager timing adjustment procedure is used, it can be also reused in the case of UL spatial relation change.
From specification point of view, the extension of existing requirement Clause 7.1.2.3 applied only at TCI state switch to the case of UL spatial relation change.
[bookmark: _Toc131673560]RAN4 to apply one-shot large UL timing adjustment (Clause 7.1.2.3 requirement, when enabled) at UL spatial relation switch for PC6 UEs.

The requirements on MAC-CE based spatial relation switch delay is defined in TS 38.133, Clause 8.12.3.
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][bookmark: _Toc131673561]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][bookmark: _Toc131673562]PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjusting 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 have analysed the main open issues related to the UL TX timing adjustment in HST FR2 deployments.
Firstly, we elaborate on the completeness of current requirements on one-shot large UL timing adjustment procedure. Then, we share our view on MAC-CE based cross-RRH TCI state switch indication and UE MAC timeAlignmentTimer behaviour. Finally, we discuss a need for UL timing adjustment at UL spatial relation switch. 
Additionally, a draft LS to RAN2 is proposed in the Appendix to the paper.
The following Observations and Proposals were made:
Observation 1: The mechanism of UL timing adjustment in between the TCI state switches involving one-shot large UL TX timing adjustment is not described neither in TS nor in the TR. Moreover, Gradual timing adjustment requirement in Clause 7.1.2.3 cannot be applied directly after the one-shot large timing adjustment, hence, the UE behaviour and accuracy of UL TX timing are undefined.
Proposal 1: RAN4 to clarify the applicability of gradual timing adjustment requirement (Clause 7.1.2.1) in between the one-shot large UL timing adjustments for FR2 Power Class 6 UE.
Proposal 2: UE to report the value of one-shot large UL timing adjustment back to the network.
Observation 2: MAC-CE based signalling is a reliable way to indicate UE about cross-RRH TCI state switch, i.e., to inform whether UL TX timing should be adjusted or not, and helps to avoid additional switching delays.
Proposal 3: Introduce indication in MAC-CE TCI state switching command to inform UE of the TCI state switch across RRH in HST FR2 deployments.
Observation 3: 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.
Observation 4: By definition, UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned. When timeAlignmentTimer is not running, MAC entity shall not perform any UL transmission except the RA Preamble and MSGA transmission.
Proposal 4: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped after cross-RRH TCI state switch.
Proposal 5: RAN4 to prepare an LS to RAN2 and to inform about the need to introduce cross-RRH TCI state switch indication and UE MAC timeAlignmentTimer stop after cross-RRH TCI state switch.
Observation 5: The area where the propagation delays among serving and target RRHs are close to each other, i.e., there is not need in large UL TX timing adjustment, is very narrow, around serval tenths of meters.
Observation 6: It is impossible to guarantee that UL spatial relation switch in bi-directional scenarios always follows DL TCI states switch and happens without significant changes in UL TX timing. There are multiple reasons for that: variability in beam switching locations, non-synchronicity in between source and target RRHs, errors in measurements and DL synchronization, etc.
Proposal 6: RAN4 to apply one-shot large UL timing adjustment (Clause 7.1.2.3 requirement, when enabled) at UL spatial relation switch for PC6 UEs.
Observation 7: 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 7: PC6 HST FR2 UE, capable of simultaneous multi-panel reception, can keep adjusting 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: Draft LS to RAN2

3GPP TSG-RAN WG4 Meeting #106bis-e	R4-230XXXX
Electronic Meeting, April 17 – 26, 2023
[bookmark: _Hlk41686089]Title:	[Draft] LS on Cross-RRH TCI State Switch Indication 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 delay at the cross-RRH TCI state switch
· At RAN4#106-bis-e meeting it was agreed that MAC-CE based signalling is needed to inform UE of the TCI state switch across RRH
· The preferred solution is to introduce one bit indication in the MAC-CE TCI state switch command.

· It is a common understanding that UE MAC timeAlignmentTimer should be running only when UL time is assumed to be aligned.
· After cross-RRH TCI state switch and before UL TX timing adjustment the UL timing of PC6 UE may not be aligned with the indicated target TCI state.
· It was agreed that timeAlignmentTimer should be stopped after cross-RRH TCI state switch.
Based on the understanding above, RAN4 have the following questions and requests to RAN2:
Question 1: RAN4 would like to ask RAN2 whether it would be possible to design cross-RRH indication in MAC-CE TCI state switch command.
Question 2: RAN4 would like to ask RAN2 what should be the expected behavior of UE MAC timeAlignmentTimer before UL TX timing is adjusted after cross-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 #107                   22nd - 26th May 2023		Incheon, KR
TSG-RAN WG4 Meeting #108                   21st - 25th August 2023		Toulouse, FR
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