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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. As identified in Rel-17 FR2 HST work item, there is a large propagation delay difference from neighbouring RRHs to UE. For example in the uni-directional RRH deployment, it is identified that the signal propagation delay difference can be as much as 2.5us, which is much larger than CP length with 120kHz subcarrier spacing. In Rel-17 work item, the larger autonomous timing adjust step Tq is specified for FR2 HST UE, and the RAN4-based solutions for the uplink timing issue are focused, while other solutions, including involving other RAN working groups, are not fully studied. 
As the objectives of Rel-18 enhanced NR support for FR2 HST, to study on reference tunnel deployment scenario for FR2 HST is expected to be included in this WI, which is provided in WID [2] as follows:
	· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].



Over the meetings of RAN4#104Bis-e, RAN4#105 and RAN4#106, the WFs on this issue have been approved as [4] [5] and [6]. In last RAN4 meeting, the LS was approved to RAN2 to confirm the introduced MAC-CE with 1bit indication to inform UE on the TCI state switch across RRHs [7], and other agreements captured in the approved WF [8]. In this contribution, we would like to further share our views on UL timing adjustment solutions for FR2 HST. 
2. Discussion
2.1 Rel-18 UL timing adjustment solution
As discussed in last RAN4 meeting, the following agreement is reached for the MAC-CE based solution for cross-RRH TCI state switch [8]: 
	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.

[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



UE behaviour after receiving the 1-bit indication
Based on our understanding, the benefit of introducing this Rel-18 enhancement comes from that UE can be informed by NW the upcoming beam switching is across RRHs or not, while no need for UE to judge the condition by using DL timing information. 
Proposal 1: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, 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.

Straightforwardly, we expect a new UE capability to indicate the support of MAC-CE based network signaling assistance, and the flag of highSpeedLargeOneStepUL-TimingFR2-r17 is not of necessity, because of the newly introduced MAC-CE indication. On the other hand, we still expect the high speed flag (highSpeedMeasFlagFR2-r17) is still needed to help UE to differentiate HST and non-HST scenario. 
Proposal 2: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, the relevant NW configuration and UE capability shall be the condition for UE to apply one-shot large uplink timing adjustment at TCI state switch: 
· UE capability [largeOneStepUL-timingFR2-r18] 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;
· NW flag signaling for one shot large UL timing adjustment, i.e., highSpeedLargeOneStepUL-TimingFR2-r17, is no longer needed in Rel-18. 

And accordingly, for the relevant requirement in clause 7.1.2.3 for one shot large UL timing adjustment for FR2 Power Class 6 UE, we expect the following changes needs to be introduced to specify the UE behavior and requirement after receiving the 1-bit indication. 
Proposal 3: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, the following text proposal is introduced to 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 ±7*64*Tc, and the reference point is .
When [highSpeedMeasFlagFR2-r17] is configured for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r18] capability, the following requirements apply to the UE if UE receive [cross-RRH TCI State Indication for UE-specific PDCCH] MAC-CE:
-	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 ±7*64*Tc, 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.



RACH-based timing adjustment procedure
For RACH-based timing adjustment, it was proposed by some company that the agreed signalling can be used to trigger RACH procedure also if RACH procedure is used for timing adjustment at cross-RRH TCI state switch, however, we still see no necessity of that. As we indicated before, RACH-based timing adjustment is the legacy procedure which can be triggered by PDCCH order, as described in TS38.321 as below: 
	[bookmark: _Toc29239819][bookmark: _Toc37296174][bookmark: _Toc46490300][bookmark: _Toc52751995][bookmark: _Toc52796457][bookmark: _Toc109217522]5.1	Random Access procedure
[bookmark: _Toc29239820][bookmark: _Toc37296175][bookmark: _Toc46490301][bookmark: _Toc52751996][bookmark: _Toc52796458][bookmark: _Toc109217523]5.1.1	Random Access procedure initialization
The Random Access procedure described in this clause is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.
…


Therefore, we would like to provide our preference as below: 
Proposal 4: Do not use agreed signalling for triggering RACH procedure.

2.2 UL TX timing adjustment at UL spatial relation switch
As discussed in last RAN4 meeting, the following WF is agreed [8] for the need for timing adjustment at UE spatial relation 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.



For Rel-17 FR2 HST switching scenario with either uni-directional or bi-directional 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 uni-directional and bi-directional RRH deployment respectively: 
· [bookmark: _Hlk135000508]For Rel-18 FR2 HST with uni-directional 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. 
· For Rel-18 FR2 HST with bi-directional RRH deployment, 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.
Therefore, the following proposals for uni- and bi-directional RRH deployment can be obtained: 
Proposal 5: For Rel-18 FR2 HST with uni-directional 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 6: For Rel-18 FR2 HST with bi-directional 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. 
2.3 Other relevant aspects
For the impact of large propagation delay jump on timeAlignmentTimer proposed by some company, the following WF is approved [8]: 
	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



Based on our understanding, UE MAC timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned. The term “UL time aligned” is given in RAN2, while there is not numerical definition what shall be regarded as uplink time aligned. After the inter-RRH TCI state switching, if the R17 one shot large timing adjustment is performed, the UL TX timing shall be based on the new reference timing and it shall not be regarded as “UL time aligned” is lost. 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 behavior. 
Observation 1: After the inter-RRH TCI state switching, if the R17 one shot large timing adjustment is performed, the UL TX timing shall be based on the new reference timing and it shall not be regarded as “UL time aligned” is lost.
Accordingly, the following proposal is provided: 
Proposal 7: RAN4 confirm that there is no impact of the large propagation delay jump on timeAlignemntTimer. 

For the applicability of gradual timing adjustment after one-shot large timing adjustment, the following WF is approved: 
	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.


The topic is originally raised in R17 maintenance for FR2 HST UE, which shall not be discussed in Rel-18 at all, which is not included in R18 WID. 
Proposal 8: The applicability gradual timing adjustment after one-shot large timing adjustment is not contained in Rel-18 WID, and shall not be further discussed. 

3. Conclusion
In this contribution, we provided our viewpoints on our views on UL timing adjustment solutions for FR2 HST, accordingly the following observations are obtained: 

Proposal 1: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, 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.
Proposal 2: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, the relevant NW configuration and UE capability shall be the condition for UE to apply one-shot large uplink timing adjustment at TCI state switch: 
· UE capability [largeOneStepUL-timingFR2-r18] 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;
· NW flag signaling for one shot large UL timing adjustment, i.e., highSpeedLargeOneStepUL-TimingFR2-r17, is no longer needed in Rel-18. 
Proposal 3: For Rel-18 cross-RRH TCI state switching with MAC-CE based network signaling assistance, the following text proposal is introduced to 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 ±7*64*Tc, and the reference point is .
When [highSpeedMeasFlagFR2-r17] is configured for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r18] capability, the following requirements apply to the UE if UE receive [cross-RRH TCI State Indication for UE-specific PDCCH] MAC-CE:
-	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 ±7*64*Tc, 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.


Proposal 4: Do not use agreed signalling for triggering RACH procedure.
Proposal 5: For Rel-18 FR2 HST with uni-directional 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 6: For Rel-18 FR2 HST with bi-directional 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. 
Observation 1: After the inter-RRH TCI state switching, if the R17 one shot large timing adjustment is performed, the UL TX timing shall be based on the new reference timing and it shall not be regarded as “UL time aligned” is lost.
Proposal 7: RAN4 confirm that there is no impact of the large propagation delay jump on timeAlignemntTimer. 
Proposal 8: The applicability gradual timing adjustment after one-shot large timing adjustment is not contained in Rel-18 WID, and shall not be further discussed. 
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