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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
This summary provides the overview and describes the open issues based on the TDoc submitted to RAN4#107 meeting into the AIs:
· 8.13.4.3	UL timing adjustment solutions
· 8.13.4.4	RRM aspects for tunnel deployment scenario

The previous agreements on these topics can be found in the RAN4 WFs listed below:
· R4-2306398, WF on NR FR2 HST UL Timing Adjustment Solutions and Tunnel Deployment, Nokia, Nokia Shanghai Bell, RAN4#106bis-e, Electronic Meeting, 17 April –26 April, 2023.
· R4-2303174, WF on FR2 HST tunnel deployment scenario, Nokia, Nokia Shanghai Bell, Athens, Greece, February 27th – March 3rd, 2023.
· R4-2303240, WF on NR FR2 HST UL timing adjustment solutions, Qualcomm, Athens, Greece, February 27th – March 3rd, 2023.
· R4-2220396, WF on NR FR2 HST Tunnel deployment and UL timing adjustment, Nokia, Nokia Shanghai Bell, RAN4#105, Toulouse, France, November 14th – November 18th, 2022.
· R4-2217254, WF on tunnel deployment and UL timing adjustment for FR2 HST enhancement, Samsung, RAN4#104-bis-e, 10– 19 October 2022
· R4-2217255, WF on other RRM core requirement impacts for FR2 HST enhancement, Nokia, RAN4#104-bis-e, 10– 19 October 2022

Topic #1: UL TX timing adjustment
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307908
	Ericsson
	UL timing adjustment solutions
Proposal 1: 1-bit indication also shall be applicable to enhanced TCI States Activation/Deactivation. 
Proposal 2: In enhanced TCI States Activation/Deactivation, a straightforward solution is that each TCI state ID shall be associated with one 1-bit indication.
Proposal 3: The 1-bit signaling can be used to trigger RACH procedure if RACH procedure is used in one-short timing adjustment.
Proposal 4: We agree on Option 1. If Option 1 is concerned with complexity, we favor Option 2 as a substitute.
Observation 1:  For one-short large timing adjustment, UL transmission timing error is ±[7Ts] and UL transmission can’t be ensured, timeAlignmentTimer might be impacted.
Observation 2: For RACH-based mthod, legacy procedure of maintaining timeAlignmentTimer might be enough.
Proposal 5: We’re leaning towards Option 1 to facilitate network’s further operation if UE behavior in Option 3 cannot be regulated. 

	R4-2308034
	Nokia, Nokia Shanghai Bell
	On UL Timing Adjustment in HST FR2 Enhanced
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 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.

	R4-2308705
	Huawei, HiSilicon
	Discussion on UL timing adjustment for R18 FR2 HST
Proposal 1: For Rel-18 FR2 HST scenario, if UE receives the 1-bit indication for the TCI state switch across RRHs, the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch, otherwise the gradual timing adjustment requirements in clause 7.1.2.1 apply to the first UL transmission after TCI state switch.
Proposal 2: For Rel-18 FR2 HST scenario, there is no need to take the 1-bit indication for TCI state switch into account for triggering RACH procedure.
Proposal 3: For UL timing change at UL spatial relation switch, the existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
Proposal 4: There is no need to introduce timeAlignemntTimer enhancements at UL timing adjustment, since no obvious impact on TA adjustment and timeAlignmentTimer due to one-shot large UL timing adjustment is observed.

	R4-2309324
	Samsung
	Discussion on UL timing adjustment solutions for FR2 HST
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. 

	R4-2309706
	Qualcomm Incorporated
	UL timing adjustment solutions for FR2 HST
Proposal 1: During UL spatial relation switch, existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
Observation 1: RRC configures the timeAlignmentTimer and expects normal UE operation until the timer expires. When the network issues a new Timing Advance command, the UE MAC entity restarts the timer. If the timer expires, the UE may not perform any UL transmissions except PRACH transmission.
Proposal 2: The timeAlignmentTimer behavior and definition is clear in the RAN2 specification and no further clarification is needed.
Proposal 3: No need to introduce new timeAlignmentTimer related enhancements at UL timing adjustments as there is no identified impacts of large jump in propagation delay on UE MAC timeAlignmentTimer



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Impacts of MAC-CE based cross-RRH network signaling assistance
Sub-topic description:
In this sub-topic the views of the companies on possible impacts from MAC-CE based cross-RRH TCI state switch network signalling assistance agreed at the previous meeting.
Open issues and candidate options before meeting:
At the previous RAN4#106bis-e meeting the following agreements were achieved [R4-2306398]:
	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

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



Issue 1-1-1: Impact on One-shot large timing adjustment requirements
· Background
· 
· Proposals and Observations:
· Proposal 1 (Nokia): RAN4 to assume the following UE behaviour at TCI state witch when highSpeedLargeOneStepUL-TimingFR2-r17 is enabled and supported:
· If it is indicated that TCI state switch is not across non-collocated RRHs or absolute value value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
· Proposal 2 (Huawei): For Rel-18 FR2 HST scenario, if UE receives the 1-bit indication for the TCI state switch across RRHs, the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch, otherwise the gradual timing adjustment requirements in clause 7.1.2.1 apply to the first UL transmission after TCI state switch.
· Proposal 3 (Samsung): 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.
· Candidate options
· For Rel-18 TCI state switching with MAC-CE based cross-RRH network signaling assistance:
· For cross-RRH TCI state switching,
· Option 1 [Samsung]: 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.
· Option 2 [Huawei]: the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch
· 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
· Recommended WF
· Further discuss Options and agree on the parts with common understanding.

Issue 1-1-2: Conditions to apply one-shot large timing adjustment
· Proposals
· Proposal 1 (Samsung): 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. 
· Recommended WF
· Discuss Rel-18 large one-step large UL timing adjustment applicable conditions during the meeting.

Issue 1-1-3: Text of requirement in Clause 7.1.2.3
· Proposals
· Option 1(Nokia):
	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.



· Option 2 (Samsung):
	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.


· Recommended WF
· Discuss the formulation of the requirement based on the agreements in the previous issues.

Issue 1-1-4: HST FR2 TCI state switch delay
· Background
· TBA
· Proposals and observations
· Proposal 1 (Nokia): 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
· 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.
· Recommended WF
· Discuss Rel-18 large one-step large UL timing adjustment applicable conditions during the meeting.

Issue 1-1-5: Enhanced TCI States Activation/Deactivation
· Proposals and observations
· Proposal 1 (Ericsson): 1-bit indication also shall be applicable to enhanced TCI States Activation/Deactivation. 
· Proposal 2 (Ericsson): In enhanced TCI States Activation/Deactivation, a straightforward solution is that each TCI state ID shall be associated with one 1-bit indication.
· Recommended WF
· Clarify proposals during the meeting.


Issue 1-1-6: Triggering RACH-based procedure
· Background
· WF from the previous RAN4#106bis-e meeting:
· 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
· Proposals and observations
· Proposal 1 (Ericsson): The 1-bit signaling can be used to trigger RACH procedure if RACH procedure is used in one-short timing adjustment.
· Observation 1 (Nokia): 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 2 (Nokia): 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.
· Proposal 3 (Huawei): For Rel-18 FR2 HST scenario, there is no need to take the 1-bit indication for TCI state switch into account for triggering RACH procedure.
· Proposal 4 (Samsung): Do not use agreed signalling for triggering RACH procedure.
· Candidate options
· Option 1 [Ericsson, Nokia]: 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 [Huawei, Samsung]: Do not take signalling into account for triggering RACH procedure
· Recommended WF
· Continue the discussion of the candidate options.

Issue 1-1-7: UE MAC timeAlignmentTimer behaviour
· Background
· WF from the previous RAN4#106bis-e meeting:
· 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
· Proposals and observations
· Observation 1 (Ericsson): For one-short large timing adjustment, UL transmission timing error is ±[7Ts] and UL transmission can’t be ensured, timeAlignmentTimer might be impacted.
· Observation 2 (Ericsson): For RACH-based mthod, legacy procedure of maintaining timeAlignmentTimer might be enough.
· Observation 3 (Nokia): 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 (Nokia): 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 1 (Nokia): 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 2 (Huawei): There is no need to introduce timeAlignemntTimer enhancements at UL timing adjustment, since no obvious impact on TA adjustment and timeAlignmentTimer due to one-shot large UL timing adjustment is observed.
· Observation 1 (Samsung): 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 3 (Samsung): RAN4 confirm that there is no impact of the large propagation delay jump on timeAlignemntTimer.
· Observation 1 (Qualcomm): RRC configures the timeAlignmentTimer and expects normal UE operation until the timer expires. When the network issues a new Timing Advance command, the UE MAC entity restarts the timer. If the timer expires, the UE may not perform any UL transmissions except PRACH transmission.
· Proposal 4 (Qualcomm): The timeAlignmentTimer behavior and definition is clear in the RAN2 specification and no further clarification is needed.
· Proposal 5 (Qualcomm): No need to introduce new timeAlignmentTimer related enhancements at UL timing adjustments as there is no identified impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
· Candidate options
· timeAlignmentTimer behaviour when one-shot large UL timing adjustment is in use:
· Option 1a [Ericsson]: timeAlignemntTimer might be impacted
· Option 1b [Huawei, Samsung, Qualcomm]: Not to introduce timeAlignemntTimer enhancements
· timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment):
· Option 2a [Nokia]: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after inter-RRH TCI state switch
· Option 2b [Qualcomm]: No need to introduce new timeAlignmentTimer related enhancements
· Recommended WF
· Seems that no impact on timeAlignemntTimer is expected by most of the companies.
· Option 1b may be agreeable.
· Options 2a and 2b can be discussed further.

Issue 1-1-8: LS to RAN2
· Proposals and observations
· Proposal 1 (Nokia): 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.
· Recommended WF
· Discuss the proposal based on the progress in the related Issues above.

Sub-topic 1-2: General
Sub-topic description:
This sub-topic collects other open general issues related to the UL TX timing adjustment in HST FR2 enhanced deployments.
Open issues and candidate options before meeting:
The following WF was captured at the previous RAN4#106-bis-e meeting [R4-2306398]:
	Sub-topic #1-2: UL TX timing adjustment at UL spatial relation switch
[bookmark: _Hlk135211773]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.

Sub-topic #1-3: General
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.



Issue 1-2-1: A need for timing adjustment at UL spatial relation switch
· Proposals and observations
· Proposal 1 (Ericsson): We agree on Option 1. If Option 1 is concerned with complexity, we favor Option 2 as a substitute.
· Observation 1 (Nokia): 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 2 (Nokia): 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 2 (Nokia): 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 3 (Huawei): For UL timing change at UL spatial relation switch, the existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
· Proposal 5 (Samsung): 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 (Samsung): 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.
· Proposal 7 (Qualcomm): During UL spatial relation switch, existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.
· Candidate options
· Option 1 [Nokia, Ericsson]: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2 [Ericsson]: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches
· Option 2a [Samsung]: 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.
· Option 3[Samsung, Qualcomm, Huawei]: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment [for Rel-18 FR2 HST with bi-directional RRH deployment, with UE supporting multi-panel reception]
· Recommended WF
· Discuss the options during the meeting.

Issue 1-2-2: Applicability of gradual timing adjustment in between one-shot large timing adjustments
· Proposals and observations
· Proposal 1 (Ericsson): We’re leaning towards Option 1 to facilitate network’s further operation if UE behavior in Option 3 cannot be regulated.
· Proposal 2 (Nokia): Describe UE behaviour after one shot UL timing adjustment in the TR. Use the text prosed above as a starting point.
· Observation 1 (Nokia): 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 3 (Nokia): UE to report the value of one-shot large UL timing adjustment back to the network.
· Proposal 4 (Samsung): The applicability gradual timing adjustment after one-shot large timing adjustment is not contained in Rel-18 WID, and shall not be further discussed.
· Candidate options
· Option 1 [Nokia, Ericsson]: UE to report the value of one-shot large UL timing adjustment back to the network.
· Option 2 [Samsung]: Follow the current UE autonomous timing adjustment procedure and requirements. Discussion not in Rel-18 scope.
· Option 3 [Nokia]: Describe UE behavior after one shot UL timing adjustment in the TR.
· Recommended WF
· Further discuss the options during the meeting.

Topic #2: Tunnel deployment
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307905
	Ericsson
	On RRM Aspects of Tunnel Deployment Scenarios in HST FR2 Enhanced
Proposal 1: No need to take exit/entrance of the tunnel into account of tunnel scenario and channel.
Proposal 2: Support Option 2a enabling CHO.
Proposal 3: Support Option3: UE-initiate beam selection/activation based on beam measurement.

	R4-2308035
	Nokia, Nokia Shanghai Bell
	Discussion on tunnel deployment scenario for FR2 HST
Observation 1: The mobility issue may occur at the tunnel entrance/exit due to the signal blockage caused by tunnel outer surface. Nevertheless, such issue can be resolved by deployment approach, i.e., by deploying an open space RRH close the track next the tunnel entrance. Therefore, new RRM requirements are not needed.
Proposal 1: RAN4 to capture the assumption on deployments at the tunnel entrance/exit in the TR on HST FR2.
Observation 2: The mobility issues in the tunnel when the train is travelling opposite to the serving beam orientation can be solved by two approaches: a) triggering early HO/Beam switch (Option 2, 3 and 5); b) making the UE connecting only to the beam having the same orientation with travelling direction.
Observation 3: The system simulation results demonstrated that HO triggering distance have impacts to the mobility performance, i.e., too short triggering distance may still lead to high failure rate, while too longer triggering distance makes the UE staying longer in low SINR condition.
Observation 4: DRX cannot be use in tunnel deployment when the train is travelling opposite the serving beam orientation.
Proposal 2: RAN4 to restrict the use of DRX in tunnel deployment.
Observation 5: Triggering conditions based on signal quality level (RSRP, etc) may cause too early or too late HO/Beam switch due to impact of channel variation. Whereas, triggering conditions based on the UE location relative to the source RRH are practically challenging. Combining both signal level and distance information may alleviate the need for highly accurate distance estimation and avoid points with high RSRP level but still far from the source RRH.
Observation 6: By deploying an additional beam for assisting the detection the UE location, and by tracking the level difference between the main and the detection-assisted beams, the network/UE may potentially estimate accurately the UE position towards the source RRH and based on that triggering timely the HO/beam switching.
Proposal 3: RAN4 to consider the method for early CHO/beam switching method in which additional beam is deployed for assisting the detection of the UE location.
Proposal 4: RAN4 to consider, alternative to early triggering HO/beam switch, implementation-based solution using bi-directional deployment in which the UE is configured to always connect to the Tx beam having orientation same with the train travelling direction.
Observation 7: Indication for tunnel deployment may be needed to instruct the UE applying relevant RRM requirements, trigger specific mobility configuration inside the tunnel or to inform the UE about restriction/applicability (e.g., on DRX cycles) rule in the tunnel.
Proposal 5: RAN4 to discuss if indication for tunnel deployment is needed.

	R4-2309325
	Samsung
	RRM aspects for tunnel deployment scenario for FR2 HST
Proposal 1: For additional assumptions on tunnel deployment, no need to taking exit/entrance of the tunnel into account of tunnel scenario and channel.
Observation 1: Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of FR2 panel rather than leaky cable used for FR2 deployment. 
Observation 2: By assuming omni-directional antenna for ray-tracing based channel fading evaluation, tunnel deployment demonstrates the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective. 
Observation 3: The angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
Proposal 2: Channel characteristics in tunnel scenario can be assumed to comparable to open space scenario.

	R4-2309704
	Qualcomm Incorporated
	On RRM Aspects of Tunnel Deployment Scenarios in HST FR2 Enhanced
Observation 1: Demod session agree to only consider CPEs fully inside the tunnel to define demod requirements for the tunnel scenario.
Proposal 1: Following demod agreement, no need to taking exit/entrance of the tunnel into account for specifying the channel and RRM requirements within tunnel scenario.
Proposal 2: RAN4 to discuss solutions that allow network to trigger early handover/beam switch, if needed, when the train mounted UE/CPE travels in the direction opposite to the RRM beam.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Topic is devoted to the discussion of RRM aspects of tunnel deployments for HST FR2.
At the previous meeting the following open issues were captured:
	Issue 2-1-1: Deployment assumptions for Scenario#1
Agreement:
· Consider both uni-directional and bi-directional deployments in the tunnel for Sceanrio#1 (single-panel reception UE and DPS transition scheme).
[bookmark: _Hlk133264406]Way forward:
· FFS additional assumptions on tunnel deployment:
· Option 1: In uni-directional scenarios assume the at least one open-space RRH is deployed close to railway, e.g., with tunnel deployment parameters, and orientations of RRH panels are the same in open-space and in the tunnel.
· Option 2: No need to taking exit/entrance of the tunnel into account of tunnel scenario and channel.

Issue 2-1-2: Channel model inside the tunnel
Agreement:
· Continue the discussion of the channel models in the Demod track 
· Dmin and Ds agreed in the RRM session can be used for reference [R4-2220396]
Way forward:
· FFS whether channel characteristics in tunnel scenario can be assumed to comparable to open space scenario.

[bookmark: _Hlk135215560]Issue 2-1-3: Solution to the mobility issue in the tunnel
Way forward:
· FFS possible solution to the mobility issue inside the tunnel when CPE is travelling in the direction opposite to the serving beam:
· Option 2: Solutions that allow network to trigger early handover/beam switch
· Option 2a: Enabling CHO with special settings next to the RRH
· Option 3: UE-initiated beam selection/activation based on beam measurement
· Option 5: No need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation
· Option 6: Consider bi-directional deployment with simultaneous multi-panel reception in the tunnel scenario to alleviate the mobility issues.




Issue 2-1: Solution to the mobility issue in the tunnel
· Proposals and observations
· Proposal 1 (Ericsson): Support Option 2a enabling CHO.
· Proposal 3 (Ericsson): Support Option3: UE-initiate beam selection/activation based on beam measurement.
· Observation 1 (Nokia): The mobility issues in the tunnel when the train is travelling opposite to the serving beam orientation can be solved by two approaches: a) triggering early HO/Beam switch (Option 2, 3 and 5); b) making the UE connecting only to the beam having the same orientation with travelling direction.
· Observation 2 (Nokia): The system simulation results demonstrated that HO triggering distance have impacts to the mobility performance, i.e., too short triggering distance may still lead to high failure rate, while too longer triggering distance makes the UE staying longer in low SINR condition.
· Observation 5 (Nokia): Triggering conditions based on signal quality level (RSRP, etc) may cause too early or too late HO/Beam switch due to impact of channel variation. Whereas, triggering conditions based on the UE location relative to the source RRH are practically challenging. Combining both signal level and distance information may alleviate the need for highly accurate distance estimation and avoid points with high RSRP level but still far from the source RRH.
· Observation 6 (Nokia): By deploying an additional beam for assisting the detection the UE location, and by tracking the level difference between the main and the detection-assisted beams, the network/UE may potentially estimate accurately the UE position towards the source RRH and based on that triggering timely the HO/beam switching.
· Proposal 3 (Nokia): RAN4 to consider the method for early CHO/beam switching method in which additional beam is deployed for assisting the detection of the UE location.
· Proposal 4 (Nokia): RAN4 to consider, alternative to early triggering HO/beam switch, implementation-based solution using bi-directional deployment in which the UE is configured to always connect to the Tx beam having orientation same with the train travelling direction.
· Proposal 5 (Qualcomm): RAN4 to discuss solutions that allow network to trigger early handover/beam switch, if needed, when the train mounted UE/CPE travels in the direction opposite to the RRM beam.
· Candidate options
· Option 2[Nokia, Ericsson, Qualcomm]: Solutions that allow network to trigger early handover/beam switch
· Option 2a [Ericsson, Nokia]: Enabling CHO with special settings next to the RRH
· Option 2b [Nokia]: Use additional/assisting beam for triggering CHO/beam switching
· Option 3 [Ericsson]: UE-initiated beam selection/activation based on beam measurement
· Option 7 [Nokia]: Assume bi-directional deployment in which the UE is configured to always connect to the Tx beam having orientation same with the train travelling direction.
· Recommended WF
· Further discuss the solutions during the meeting.

Issue 2-2: Use of DRX in the tunnel deployment
· Proposals and observations
· Observation 1 (Nokia): DRX cannot be use in tunnel deployment when the train is travelling opposite the serving beam orientation.
· Proposal 1 (Nokia): RAN4 to restrict the use of DRX in tunnel deployment.
· Recommended WF
· Discuss the proposal during the meeting.

Issue 2-3: Indication of tunnel deployment
· Proposals and observations
· Observation 1 (Nokia): Indication for tunnel deployment may be needed to instruct the UE applying relevant RRM requirements, trigger specific mobility configuration inside the tunnel or to inform the UE about restriction/applicability (e.g., on DRX cycles) rule in the tunnel.
· Proposal 1 (Nokia): RAN4 to discuss if indication for tunnel deployment is needed.
· Recommended WF
· Discuss the proposal during the meeting.

Issue 2-4: Deployment assumptions for Scenario#1
· Background:
· Sceanrio#1(single-panel reception UE and DPS transition scheme).
· Proposals and observations
· Proposal 1(Ericsson): No need to take exit/entrance of the tunnel into account of tunnel scenario and channel.
· Observation 1: The mobility issue may occur at the tunnel entrance/exit due to the signal blockage caused by tunnel outer surface. Nevertheless, such issue can be resolved by deployment approach, i.e., by deploying an open space RRH close the track next the tunnel entrance. Therefore, new RRM requirements are not needed.
· Proposal 2 (Nokia): RAN4 to capture the assumption on deployments at the tunnel entrance/exit in the TR on HST FR2.
· Proposal 3 (Samsung): For additional assumptions on tunnel deployment, no need to taking exit/entrance of the tunnel into account of tunnel scenario and channel.
· Observation 1 (Qualcomm): Demod session agree to only consider CPEs fully inside the tunnel to define demod requirements for the tunnel scenario.
· Proposal 4 (Qualcomm): Following demod agreement, no need to taking exit/entrance of the tunnel into account for specifying the channel and RRM requirements within tunnel scenario.
· Candidate options
· Option 1 [Nokia]: RAN4 to capture the assumption on deployments at the tunnel entrance/exit in the TR on HST FR2.
· Option 2 [Ericsson, Samsung, Qualcomm]: No need to take exit/entrance of the tunnel into account of tunnel scenario and channel.
· Recommended WF
· Discuss whether the assumptions can be described in the TR. TR 38.854 has only Rel-17 version, can Rel-18 version be created?

Issue 2-5: Channel model inside the tunnel
· Proposals and observations
· Observation 1 (Samsung): Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of FR2 panel rather than leaky cable used for FR2 deployment. 
· Observation 2 (Samsung): By assuming omni-directional antenna for ray-tracing based channel fading evaluation, tunnel deployment demonstrates the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective. 
· Observation 3 (Samsung): The angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
· Proposal 2 (Samsung): Channel characteristics in tunnel scenario can be assumed to comparable to open space scenario.
· Recommended WF
· Discuss whether proposal is agreeable during the meeting.
