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[bookmark: _Toc116995841]Introduction
One of the main agreements at the previous RAN4#106bis-e meeting was to introduce MAC-CE based signalling for the indication of cross-RRH TCI state switch, including the behaviour of timeAlignemntTimer and triggering of PRACH procedure. However, the UE behaviour after receiving the 1-bit indication still require qualification. The other open issues are also listed in the WF [1]:
· UL TX timing adjustment at UL spatial relation switch
· Applicability of gradual timing adjustment in between one-shot large timing adjustments
This discussion paper is devoted to the discussion of open issues listed above.

[bookmark: _Toc116995842]Discussion
UE behaviour based on new MAC-CE based indication
The following agreements and WFs were achived regarding the TCI state switch across non-collocated RRH [1]:
	Sub-topic#1-1: MAC-CE based solution for cross-RRH TCI state switch
Issue 1-1-1: MAC-CE signalling
GtW Agreement:
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs

Issue 1-1-2: Information indicated in MAC-CE
[bookmark: _Hlk133264036]Agreement:
· Introduce 1-bit TCI State Indication in UE-specific PDCCH MAC CE for whether or not UE shall follow the Rel-17 UL timing solution for the indicated TCI state ID.
· FFS in RAN4, UE behaviour after receiving the 1-bit indication.



Below, we discuss the possible impacts of agreed signalling on UE behaviour.

One-shot Large UL TX timing adjustment
The current One-shot large UL TX timing adjustment procedure us described in TS 38.133, Clause 7.1.2.3. In our view, in this requirement, it will be sufficient to consider the that when the TCI state switch is within the same RRH or across collocated RRHs, the large change in UL TX timing is not expected and requirement in clause 7.1.2.1 (i.e., gradual timing adjustment) can be applied. In this case, there is no need to check the condition on the difference in between the DL timing of source and target TCI states. Hence, the only needed change is shown below:
	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 it is indicated that TCI state switch is not across non-collocated RRHs or 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.



[bookmark: _Toc135077360]RAN4 to assume the following UE behaviour at TCI state witch when highSpeedLargeOneStepUL-TimingFR2-r17 is enabled and supported:
a. [bookmark: _Toc135077361]If it is indicated that TCI state switch is not across non-collocated RRHs or absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.

TCI state switch delay
The current requirement on TCI state switching in HST FR2 deployments (for PC6 UEs) takes into account that when the target TCI state is not in the active TCI state then additional delay is needed for the UE to acquire accurate DL synchronization.  In the case when the TCI state switch in within the same RRH or RRHs are collocated, such additional delay is not needed anymore, and the existing requirement in TS 38.133, Clause 8.10.3A can be enahced in the following way:
	8.10.3A	MAC-CE based TCI state switch delay in HST FR2 scenarios
For FR2 power class 6 UE, if the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the symbol m of the first slot that is after
- slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, when it is indicated that TCI state switch is not across non-collocated RRHs,
- slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length when the target TCI state is from non-collocated RRH, otherwise.
The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  . Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE;
-	TSSB-proc = 2 ms;
-	Trs is time to the first TRS or SSB transmission after the SSB transmission in the definition of Tfirst-SSB is processed by the UE;
-	Trs-proc = 2 ms;
-	TOk = 1, m = 0 if target TCI state is not in the active TCI state list for PDSCH; otherwise TOk = 0, m = 1.
For FR2 power class 6 UE, if the target TCI state is unknown, the same requirement for unknown target TCI state case specified in clause 8.10.3 applies.



[bookmark: _Toc135077362]RAN4 to shorten MAC-CE based TCI state switch delay in HST FR2 scenarios when it is indicated that that TCI state switch is not across non-collocated RRHs, i.e., UE shall be able to receive PDCCH with the target TCI state after
b. [bookmark: _Toc135077363]slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, when it is indicated that TCI state switch is not across non-collocated RRHs,
c. [bookmark: _Toc135077364]slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length when the target TCI state is from non-collocated RRH, otherwise.

Impact on RACH-based timing adjustment procedure
Since the highSpeedLargeOneStepUL-TimingFR2-r17, is an optional procedure, when this procedure is not used or is not supported, a RACH based procedure should be used to acquire UL TA value after the TCI state switch. In Rel-17, without cross-RRH signalling, UE didn’t have information where RACH procedure towards the new target beam needs to be initiated or not. Therefore, the RACH had to be triggered by the PDCCH order command in addition to the TCI switch command, i.e., it was necessary to send an additional command from the NW to the UE.
The corresponding agreement from RAN4#106 and the WF from RAN#106bis-e are listed below:
	2.2 Requirement when Large one-shot timing adjustment is disabled
Agreement:
When large one-step UL TX timing adjustment is disabled or not supported by the PC6 UE, initial transmit timing requirement in Clause 7.1.2 is applied after inter-RRH TCI state switch.
· In Rel-17, there is no further specification revision needed on TS38.133 for PC6 UE when the large one-step UL TX timing adjustment is disabled or not supported by the UE.



	[bookmark: _Hlk133264294]Issue 1-1-3: Impact of signalling on RACH-based timing adjustment procedure
Way forward:
Open issue needs further discussion
-	Option 1: Agreed signalling can be used to trigger RACH procedure also if RACH procedure is used for timing adjustment at cross-RRH TCI state switch.
-	Option 2: Do not take signalling into account for triggering RACH procedure



When cross-RRH indication with TCI state switch command is used and highSpeedLargeOneStepUL-TimingFR2-r17 is not used or supported by the UE, it is known to the UE that UL TX timing shall be acquired though the RACH procedure. Hence, PDCCH order might not be needed, and RACH can be initiated by the UE based on TCI state switch MAC CE.
[bookmark: _Toc135077365]When TCI state switch across non-collocated RRH is indicated and highSpeedLargeOneStepUL-TimingFR2-r17 is not used or supported by the UE, it can be expected that PRACH needs to be triggered, and PDCCH order can be considered as unnecessary overhead.
[bookmark: _Toc135077366]Agreed signalling can be used to trigger RACH procedure without PDCCH order if RACH procedure is used for timing adjustment at cross-RRH TCI state switch.

Impact on UE MAC timeAlignemntTimer
In Rel-17, 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 1 below.



[bookmark: _Ref127266045]Figure 1: An illustration of ISI when UL TX timing is wrong after inter-RRH TCI state switch.

[bookmark: _Toc127537455][bookmark: _Toc135077367]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. 

The issue has been discussed at RAN4#106bis e-meeting and the following WF has been captured:
	Issue 1-3-1: Impact of large propagation delay jump on timeAlignemntTimer
Way Forward:
· FFS whether to ask for clarification from RAN2 on the following questions:
· Does the procedure of maintaining UL time alignment consider TCI state switch between non-collocated RRHs?
· What is the understanding of “UL time aligned” in the definition of timeAlignmentTimer?
· 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 or suspended after inter-RRH TCI state switch
· FFS applicability of such timer behaviour to R17 one-short large timing adjustment or to through RACH-based method
· Option 2: Not to introduce timeAlignemntTimer enhancements at UL timing adjustment



By tthe 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, with the new signalling agreed, there is a clear indication for the UE whether PRACH procedure (cross-RRH TCI state switch) is expected. Hence, this indication can be used to stop or suspend timeAlignmentTimer 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. Before, that the UE is not expected to transmit.
[bookmark: _Toc131673555][bookmark: _Toc135077368]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. Hence, the undesirable interference before the UL TX timing is aligned can be avoided.
Therefore, the only difference to be introduce in the timer behaviour is stopping or suspending it after cross-RRH TCI state switch. The corresponding procedure shall be defined in RAN4.
[bookmark: _Toc127537459][bookmark: _Toc131673556][bookmark: _Toc135077369]In HST FR2 scenarios, when highSpeedLargeOneStepUL-TimingFR2-r17 is not used or supported by the UE, UE MAC timeAlignmentTimer should be stopped or suspended based on cross-RRH TCI state switch indication.
[bookmark: _Toc135077370]Send an LS to RAN2 on triggering RACH procedure without PDCCH order and on MAC timeAlignmentTimer stopping/suspension based on cross-RRH TCI state switch indication.

UL TX timing adjustment at UL spatial relation switch
WF [1] lists the following issue on UL transmit timing adjustment at UL beam switch:
	Issue 1-2-1: A need for timing adjustment at UL spatial relation switch
Way forward:
· FFS the scenario in which UL timing exceed allowed timing adjustment range at UL spatial relation:
· Option 1: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches
· Option 3: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.



In comparison to the previous RAN4#106 meeting a new Option 2 is proposed. In our view, switching of UL Rx beam only together with DL Tx beam is far from being optimal. In this case, the UL performance will be even lower than in Rel-17.
[bookmark: _Toc135077371]UL spatial relation shall always be executed strictly when corresponding DL TCI state switches (Option 2) reduces the UL efficiency in Rel-1 in comparison with Rel-17.

On the other hand, as we analysed in detail in our RAN4#106bis-e paper [3] it is necessary to switch UL spatial relation independently from the DL TCI states switch. With simultaneous multi-panel reception, the DL behaviour per panel is more like in unidirectional deployments, whereas, in UL, it is still necessary to switch the panel and RX beams more frequently.
[bookmark: _Toc131673559][bookmark: _Toc135077372]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 (i.e., considerable above Tq). 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][bookmark: _Toc135077373]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.

Applicability of gradual timing adjustment in between one-shot large timing adjustments
WF [1] lists the following issue on UL Tx timing adjustment in HST FR2 scenarios:
	Issue 1-3-2: Applicability of gradual timing adjustment in between one-shot large timing adjustments
Way forward:
· FFS 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.
· Option 1: UE to report the value of one-shot large UL timing adjustment back to the network.
· Option 2: Follow the current UE autonomous timing adjustment procedure and requirements.
· Option 3: Describe UE behavior after one shot UL timing adjustment in the TR.



We shared our understanding of the Rel-17 UL timing adjustment procedure in our RAN4#106bis-e paper [3]:
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.
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.
It is expected that the sequence of gradual timing adjustments can be used to align UL TA value in between the UE and the NW to the moment of the next expected TCI state switch.

[bookmark: _Toc135077374]Describe UE behaviour after one shot UL timing adjustment in the TR. Use the text prosed above as a starting point.

However, even with the clarification above, 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 behavior and the accuracy of UL TX timing in between the inter-RRH TCI state switches.
[bookmark: _Toc131673549][bookmark: _Toc135077375]Gradual timing adjustment requirement in Clause 7.1.2.3 cannot be applied directly after the one-shot large timing adjustment, hence, the UE behavior and accuracy of UL TX timing are undefined.
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][bookmark: _Toc135077376]UE to report the value of one-shot large UL timing adjustment back to the network.


[bookmark: _Toc116995848]Conclusion
In this paper, we analysed possible impacts of cross-RRH TCI stat switch indication on UE behaviour agreed at RAN4#106bis-e. Additionally, we discussed UL TX timing adjustment at UL spatial relation switch and Applicability of gradual timing adjustment in between one-shot large timing adjustments.
The following Observations and Proposals were made:

Proposal 1: RAN4 to assume the following UE behaviour at TCI state witch when highSpeedLargeOneStepUL-TimingFR2-r17 is enabled and supported:
a.	If it is indicated that TCI state switch is not across non-collocated RRHs or absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
Proposal 2: RAN4 to shorten MAC-CE based TCI state switch delay in HST FR2 scenarios when it is indicated that that TCI state switch is not across non-collocated RRHs, i.e., UE shall be able to receive PDCCH with the target TCI state after
a.	slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, when it is indicated that TCI state switch is not across non-collocated RRHs,
b.	slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length when the target TCI state is from non-collocated RRH, otherwise.
Observation 1: When TCI state switch across non-collocated RRH is indicated and highSpeedLargeOneStepUL-TimingFR2-r17 is not used or supported by the UE, it can be expected that PRACH needs to be triggered, and PDCCH order can be considered as unnecessary overhead.
Proposal 3: Agreed signalling can be used to trigger RACH procedure without PDCCH order if RACH procedure is used for timing adjustment at cross-RRH TCI state switch.
Observation 2: 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 3: 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. Hence, the undesirable interference before the UL TX timing is aligned can be avoided.
Proposal 4: In HST FR2 scenarios, when highSpeedLargeOneStepUL-TimingFR2-r17 is not used or supported by the UE, UE MAC timeAlignmentTimer should be stopped or suspended based on cross-RRH TCI state switch indication.
Proposal 5: Send an LS to RAN2 on triggering RACH procedure without PDCCH order and on MAC timeAlignmentTimer stopping/suspension based on cross-RRH TCI state switch indication.
Observation 4: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches (Option 2) reduces the UL efficiency in Rel-1 in comparison with Rel-17.
Observation 5: 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 (i.e., considerable above Tq). 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.
Proposal 7: Describe UE behaviour after one shot UL timing adjustment in the TR. Use the text prosed above as a starting point.
Observation 6: Gradual timing adjustment requirement in Clause 7.1.2.3 cannot be applied directly after the one-shot large timing adjustment, hence, the UE behavior and accuracy of UL TX timing are undefined.
Proposal 8: UE to report the value of one-shot large UL timing adjustment back to the network.
[bookmark: _Toc116995849]
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