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1. Introduction

In RAN#95e meeting, the Rel-18 RAN4-led WI on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST. At the previous RAN4 #107 meeting, the intensive discussion on UL TX timing adjustment for Rel-18 FR2 HST was processed and considerable progress was achieved accordingly. A WF on UL timing adjustment solutions was agreed [2]:

	Sub-topic#1-1: Impacts of MAC-CE based cross-RRH network signalling assistance
Issue 1-1-1: Impact on One-shot large timing adjustment requirements
<Agreement>
· For Rel-18 TCI state switching with MAC-CE based cross-RRH network signaling assistance:
· For indicated cross-RRH TCI state switching,
· the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch
· FFS, whether the condition that UE measurement on DL timing difference is larger than certain threshold (as specified in Rel-17) shall not be included as the applicable condition.
· If it is indicated that TCI state switch is not across non-collocated RRHs,
· Gradual timing adjustment requirements in Clause 7.1.2.1 apply to the first UL transmission after TCI state switch
Issue 1-1-2: Conditions to apply one-shot large timing adjustment
<Agreement>
· The condition for UE to apply one-shot large uplink timing adjustment at TCI state switch:
· UE capability to support the cross-RRH TCI state switching with MAC-CE based network signaling assistance
· NW flag signaling highSpeedMeasFlagFR2-r17 to indicate UE be in the HST scenario
· Reuse Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability)
Issue 1-1-4: HST FR2 TCI state switch delay
<Agreement>
· When it is indicated that TCI state switch is across non-collocated UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length (i.e., Rel-17 requirement)
·  FFS, how to define requirement when it is indicated that TCI state switch is not cross-RRH:
· Option 1: 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,
· Option2: Keep Rel-17 requirement without changes
Issue 1-1-6: Triggering RACH-based procedure
<Agreement>
· Do not take new signalling into account for triggering RACH procedure
Sub-topic #1-2: General
Issue 1-2-2: Applicability of gradual timing adjustment in between one-shot large timing adjustments
<Way forward>
Open issue needs further discussion:
· 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. Discussion not in Rel-18 scope.
· Option 3: Describe UE behaviour after one shot UL timing adjustment in the TR.


Since many issues listed in [2] were discussed without conclusions yet, in this contribution, we would like to share our viewpoints and analysis for the remaining issues. 
2 Discussion 
2.1 Enhanced TCI States Activation/Deactivation
The following agreement is achieved in last meeting on enhanced TCI States Activation/Deactivation:

	Issue 1-1-5: Enhanced TCI States Activation/Deactivation
<Way forward>
Open issue needs further discussion to provide feedback to RAN2:
· FFS, whether enhanced TCI Activation/Deactivation is considered in Rel-18 HST FR2 (indicating two TCI states for simultaneous multi-panel reception)
· Option 1: Only consider Rel-15 TCI state switch
· Option2: Also consider indication of two TCI states in addition to Option 1
· FFS, whether each TCI state ID shall be associated with one 1-bit indication.



In #104-bis-e, RAN1 agreed to introduce the enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission, the new MAC CE including two TCI statess is shown as below
	Figure 6.1.3.44-1: Enhanced TCI States Indication for UE-specific PDCCH MAC CE
[image: ]



However, in RAN4 #106-bis-e meeting, there is discussion on DL transmission scheme and we reach consensus on precluding the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item. In this sense, from our understanding, there is no need to also consider indication of two TCI states. 

Observation 1: RAN4 precludes the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item  

Besides, in Rel-15/16, the NW indicates a TCI state for PDCCH reception for a CORESET of a serving cell from a list of TCI states via MAC CE, however only one TCI state ID is indicated for QCL. In Rel-18 FR2 HST multi-panel scenario, the GBBR is precluded in last meeing, that means the legacy CSI framework including beam management and reporting shall be considered, and TCI state indication for UE-specific PDCCH MAC CE in Rel-15/16 shall be selected accordingly. 

Proposal 1: RAN4 shall only consider Rel-15 TCI state switch in Rel-18 FR2 HST WI, and Enhanced TCI Activation/Deactivation shall not be considered in such WI.
2.2 Triggering RACH-based procedure
The following agreement is achieved in last meeting on Triggering RACH-based procedure:

	Issue 1-1-6: Triggering RACH-based procedure
<Way forward>
Open issue needs further discussion
· Option 1: Agreed signalling can be used to trigger RACH procedure if RACH procedure is used for timing adjustment at cross-RRH TCI state switch (when large one-shot timing adjustment is not used)
· Option 2: Do not take signalling into account for triggering RACH procedure



From our understanding, we see no necessity of using the agreed signaling to trigger RACH procedure also if RACH procedure is used for timing adjustment at cross-RRH TCI state switch. RACH-based timing adjustment is the legacy procedure which can be triggered by PDCCH order as described in TS 38.213. Actually, just follow the legacy TA acquisition procedure is feasible. NW can know UE capability based on UE capability information report. If UE doesn’t support one shot large UL timing adjustment, NW can deliver PDCCH order to trigger RACH procedure after (or upon) MAC CE for TCI state activation, since the DL sync. is kept.
Proposal 2: Do not take signalling into account for triggering RACH procedure.
· RAN4 to follow the legacy TA acquisition procedure, that is PDCCH order to trigger RACH is delivered to the UE after (or upon) MAC CE for TCI state activation is sent.
2.3 UE MAC timeAlignmentTimer behaviour
The following agreement is achieved in last meeting on UE MAC timeAlignmentTimer behaviour:

	Issue 1-1-7: UE MAC timeAlignmentTimer behaviour
<Way forward>
Open issue needs further discussion
· FFS, timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment):
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after indicated inter-RRH TCI state switch
· Option 2: No need to introduce new timeAlignmentTimer related enhancements



In previous meetings, some companies reckon that when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment), the timeAlignmentTimer might be impacted and need to be introduce new timeAlignmentTimer related enhancements. From our perspective, there is no need to introduce new timeAlignmentTimer related enhancements, the reasons are as follows:
· Firstly, the “UL time aligned” in the definition of timeAlignmentTimer given by RAN2 is irrelevant to CP length. 
· Secondly, based on the definition of TAT specified in RAN2, the Timer controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned and represents whether the UE is time aligned in UL with TAG or not. UE maintain the TAT together with NW, each time UE receives the TAC MAC CE (connected mode) sent from NW, it would apply the TAC to start/restart the timeAlignmentTimer. The Time increases in time, if TAT reaches a certain threshold (i.e., UE does not receive the new timing command from NW or NW does not receive an ACK from UE after delivering the TAC within a time duration) , the TAT would be Expired on the UE side or NW side. The TAT threshold is RRC configurable, which is shown below
TimeAlignmentTimer ::= ENUMERATED {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}
If the TAT is recommended and configured as infinity, e.g. DRX.8, UE cannot judge whether it is in UL out of synchronization state by using the Timer, but UE can continue normal DL operation. After indicating inter-RRH TCI state switch, if the NW detects that there is DL data to be sent to UE in its MAC Buffer, it would force UE to initiate RA procedure by sending PDCCH Order, but this is an existing procedure and there is no considerable impact on TimeAlignmentTimer, and then there is no need to introduce new timeAlignmentTimer related enhancements.
· Besides, theoretically, in comparison to the Timer value (e.g., 500 ms the worst case), the duration of UL timing mismatching is rather limited. At this time, the Timer is still running since the UL TAT is not Expired on NW side, and NW can determine UE is in the UL synchronization state, UE also can assume the UL timing is aligned and continue normal operation. Even if the RACH-based timing adjustment solution is triggered, there is no difference from existing non-HST RACH-based UL timing adjustment and also no impact on MAC timeAlignmentTimer definition and behaviour. 
Observation 2: Based on the definition of timeAlignmentTimer specified in RAN2, there is no impact on timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment).
Proposal 3: RAN4 confirm that there is no need to introduce new timeAlignmentTimer related enhancements.
2.4 A need for timing adjustment at UL spatial relation switch
The following agreement is achieved in last meeting on a need for timing adjustment at UL spatial relation switch:

	Issue 1-2-1: A need for timing adjustment at UL spatial relation switch
<Way forward>
Open issue needs further discussion:
· 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 switch shall always be executed strictly when the 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



For Rel-17 FR2 HST switching scenario with either unidirectional or bidirectional RRH deployment, we expect only one of two implemented panels can be activated, therefore the targeted UL spatial relation associated to DL RS shall be assumed to be achieved by using the same antenna panel as the one used to receive that DL RS. Hence, the occasion of UL spatial relation switch is corresponding to the TCI state switching, and no need for timing adjustment at UL spatial relation switch.  For Rel-18 FR2 HST, it is possible FR2 PC6 UE have two active TCI states based on which two spatial relations can be configured, and we separate the discussion into unidirectional and bidirectional RRH deployment respectively: 
· In RAN4 #106, RAN4 agreed to focus on bidirectional deployment in Scenario-A and Scenario-B to identify RRM requirement regarding the deployment scenario for FR2 HST multi-panel simultaneous reception. For Rel-18 FR2 HST with bidirectional RRH deployment, RAN4 agreed that with UE supporting multi-panel reception, it is possible FR2 PC6 UE have two active TCI states based on which two spatial relations can be configured. Upon receiving the spatial relation switch command, UE shall be able to transmit certain UL signals with the target UL spatial relation after a certain delay specified in clause 8.12. After the UL spatial relation switch, in theory, the TX timing adjustment can be changed with a big difference, while in practice it could be very unlikely because the big TX timing adjustment only happens when UE is located in the middle between two RRHs in a bi-directional RRH deployment. Based on that, the existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
· [bookmark: _Hlk135000508]While for Rel-18 FR2 HST with unidirectional RRH deployment, even with UE supporting multi-panel reception, there is not difference from Rel-17 FR2 HST scenario, i.e., UL spatial relation shall always be executed strictly when corresponding DL TCI state switches, and no need for timing adjustment at UL spatial relation switch. 
Therefore, the following proposals for uni- and bi-directional RRH deployment can be obtained: 
Proposal 4: For Rel-18 FR2 HST with unidirectional RRH deployment, even with UE supporting multi-panel reception: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches, and no need for timing adjustment at UL spatial relation switch. 
Proposal 5: For Rel-18 FR2 HST with bidirectional RRH deployment, with UE supporting multi-panel reception: The existing gradual timing adjustment requirements can be applied, and no need for timing adjustment at UL spatial relation switch.

2.5 Conditions to apply one-shot large timing adjustment
In last meeting, companies agreed that 
	Issue 1-1-2: Conditions to apply one-shot large timing adjustment
< Agreement >
· The condition for UE to apply one-shot large uplink timing adjustment at TCI state switch:
· UE capability to support the cross-RRH TCI state switching with MAC-CE based network signaling assistance
· NW flag signaling highSpeedMeasFlagFR2-r17 to indicate UE be in the HST scenario
· Reuse Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability)


From our understanding, introducing a new UE capability [largeOneStepUL-timingFR2-r18] to indicate UE supporting the cross-RRH TCI state switching with MAC-CE based network signalling is beneficial and necessary in Rel-18 FR2 HST. And since the one shot large UL timing adjustment is an optional procedure, the corresponding capability should be an optional feature as well. Without the capability, UE cannot understand such NW 1 bit cross-RRH MAC-CE indication, and then does not aware it shall apply one shot large timing adjustment, consequently it will not perform one shot large UL timing adjustment between on TCI state switching between RRH occasions. Besides, with the UE-specific optional feature, the UE satisfied Rel-18 feature can be explicitly indicated and NW can decide whether to enable one shot large timing adjustment feature for certain UEs.
Proposal 6: It is beneficial and necessary to define Rel-18 one shot large timing adjustment feature as optional with capability signalling [largeOneStepUL-timingFR2-r18].
Actually, combining with the Rel-17 FR2 HST one shot large UL timing adjustment feature, the following four cases can be considered
Table 1 The combination of Rel-17 FR2 HST one shot large UL timing adjustment feature and Rel-18 FR2 HST 1 bit cross-RRH MAC-CE signalling
	Rel-18 FR2 HST
Rel-17 FR2 HST

	highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting [largeOneStepUL-timingFR2-r17] capability
	Large One step adjustment is disabled/ not supported by the UE

	1 bit indicator in MAC-CE for TCI state activation is flagged for UE supporting [largeOneStepUL-timingFR2-r18] capability
	Case A
	Case B

	Cross-RRH indication with MAC-CE TCI state switch command is not used/ not supported by the UE
	Case C: Rel-17 UL timing adjustment case 
	Case D: Legacy case



Obviously, Case D is legacy case, and in such case, the legacy RACH procedure can be used to acquire UL timing for new RRH. Case C is Rel-17 UL timing adjustment case, the Rel-17 related requirements can be reused, and the mechanism for one shot large UL timing adjustment for FR2 HST scenarios specified in TS 38.133 can be considered. 
· For Cased B, the situation is more complicated. Case B refers to the situation that when the large one shot UL timing adjustment feature is disable, based on the 1 bit indicator in MAC CE for TCI state activation, UE may have information whether the TCI state is expected to be cross-RRH or not, and whether the RACH procedure towards the new target beam needs to be initiated or not accordingly. But the major consequent questions are:
Q1: How to trigger RACH-based rocedure, and if it is impossible to update TA reception of the MAC CE with indication on the TCI state switch across RRHs whether UE need to stop all UL transmissions?

Q2: How long the time is needed for the UE to adjust its UL timing after the 1 bit indicator in MAC CE is received (X ms), and what is the UE behaviour during the X ms
For Q1, as we discussed before, the legacy TA acquisition procedure (i.e., PDCCH order) can be followed. One possible way is that PDCCH order to trigger RACH is delivered to the UE after (or upon) MAC CE for TCI state activation is sent. Regarding the following derivational issue, we think it somewhat depends on whether UE can use old timing based on to transmit when the TA is adjusting. If the answer is Yes, UE shouldn’t stop all UL transmission. However, with such consideration, some UL package might be lost (e.g., the ACK/NACK would be missed)/ UL-DL ISI problem might be occurred, which result in the performace degradation, since the within CP assumption may not be guaranteed with the imprecise timing, which is shown in Fig.1.
[image: ]
Fig.1 An example of UE UL transmission upon reception of the MAC CE with indication on the TCI state switch across RRHs
In this case, RAN4 should introduce some UL scheduling restrictions to limit the signal type allowed to transmit after TCI state switching.
Proposal 7: If UE shouldn’t stop all UL transmission, RAN4 should introduce some UL scheduling restrictions to limit the signal type allowed to transmit after TCI state switching.
For Q2,  since the X ms is not expected to define in RAN4 Rel-18 FR2 HST, there is a question as shown in Fig.2,  based on the assumption that UE could stop all UL transmission, then if UE has uplink data to transmit and deliver scheduling request before , but gNB sent UL Grant to UE during X ms, what is the UE behaviour? From our understanding, if UE could stop all UL transmission when UE receives the 1 bit indicator in MAC CE, and if NW sent UL Grant to UE during X ms, UE could denial the UL grant provision, but how to define the allowed ratio of UL Grant denied is FFS, which is a RAN2 related issue.
[image: ]
Fig. 2 UE behavior during X ms
Proposal 8: If UE could stop all UL transmission when UE receives the 1 bit indicator in MAC CE, and if NW sent UL Grant to UE during X ms, UE could denial the UL grant provision, but how to define the allowed ratio of UL Grant denied is FFS.
However, the analyses above mentioned are too controversial and complicated, and it seems that there are different views on such issues in previous RAN4 meetings, so it is definitely not easy to reach consensus on each proposal in short time. Consider that the timeline of Rel-18 RRM part is limited, we suggest
Proposal 9: RAN4 should preclude the case that Rel-18 FR2 HST cross-RRH indication with TCI state switch command is used while Rel-17 FR2 HST large One step adjustment is disabled.
· For Cased A, we think it is the most straightforward and feasible method for triggering one shot large UL timing adjustment in Rel-18 FR2 HST. Actually, the meaning behind the case is that the Rel-17 FR2 HST optional feature is taken as the prerequisite of the new Rel-18 FR2 HST one shot large adjustment feature. And the detailed situations are:
1. If and only if highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting [largeOneStepUL-timingFR2-r17] capability and 1 bit indicator in MAC-CE for TCI state activation is flagged for UE supporting [largeOneStepUL-timingFR2-r18] capability
 Rel-18 one shot large UL timing adjustment is triggered, UE would apply one shot large timing adjustment on TCI switching between RRH occasions
2. If Rel-17 large One step adjustment is disabled and Rel-18 FR2 HST cross-RRH indication with TCI state switch command is not used
 The legacy RACH procedure can be used to acquire UL timing for new RRH
3. If highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting [largeOneStepUL-timingFR2-r17] capability but Rel-18 FR2 HST cross-RRH indication with TCI state switch command is not used
 Rel-17 FR2 HST UL timing adjustment solution is considered
4. If Rel-17 large One step adjustment is disabled but 1 bit indicator in MAC-CE for TCI state activation is flagged for UE supporting [largeOneStepUL-timingFR2-r18] capability
Preclude.
At the same time, if we take Rel-17 FR2 HST optional feature as the prerequisite of the new Rel-18 FR2 HST one shot large adjustment feature (i.e, the situation highlighted), there is no need to consider all the questions arose in Case B, since UE would apply one shot large timing adjustment after receiving the 1 bit MAC-CE indication, and perform normal UL transmission. And also there is no need to consider whether it is possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs.

Proposal 10: To apply Rel-18 FR2 HST one shot large timing adjustment, RAN4 should define Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability) as the prerequisite.
3. Conclusion
In this contribution, we provided our initial viewpoints to trigger the discussion on this WI, the following observations and proposals are obtained:
Observation 1: RAN4 precludes the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item  
Proposal 1: RAN4 shall only consider Rel-15 TCI state switch in Rel-18 FR2 HST WI, and Enhanced TCI Activation/Deactivation shall not be considered in such WI.
Observation 2: Based on the definition of timeAlignmentTimer specified in RAN2, there is no impact on timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment).
Proposal 2: RAN4 confirm that there is no need to introduce new timeAlignmentTimer related enhancements.
Proposal 3: RAN4 confirm that there is no need to introduce new timeAlignmentTimer related enhancements.
Proposal 4: For Rel-18 FR2 HST with unidirectional RRH deployment, even with UE supporting multi-panel reception: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches, and no need for timing adjustment at UL spatial relation switch. 
Proposal 5: For Rel-18 FR2 HST with bidirectional RRH deployment, with UE supporting multi-panel reception: The existing gradual timing adjustment requirements can be applied, and no need for timing adjustment at UL spatial relation switch.
Proposal 6: It is beneficial and necessary to define Rel-18 one shot large timing adjustment feature as optional with capability signalling [largeOneStepUL-timingFR2-r18].
Proposal 7: If UE shouldn’t stop all UL transmission, RAN4 should introduce some UL scheduling restrictions to limit the signal type allowed to transmit after TCI state switching.
Proposal 8: If UE could stop all UL transmission when UE receives the 1 bit indicator in MAC CE, and if NW sent UL Grant to UE during X ms, UE could denial the UL grant provision, but how to define the allowed ratio of UL Grant denied is FFS
Proposal 9: RAN4 should preclude the case that Rel-18 FR2 HST cross-RRH indication with TCI state switch command is used while Rel-17 FR2 HST large One step adjustment is disabled.
Proposal 10: To apply Rel-18 FR2 HST one shot large timing adjustment, RAN4 should define Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability) as the prerequisite.
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