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1	Introduction
RAN WG4 is working on the Release 18 NR_HST_FR2_enh WI on enhanced support for HST scenario in FR2. One of the objectives of the Release 18 WI [WID, RP-220985] is to 
· 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].
In the recent RAN4 meeting, RAN4 has made the below agreement
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs
       
[bookmark: _Ref178064866]2	Discussion
2.1 Background
2.1.1RAN4 LS R4-2306399
In the RAN4 LS R4-2306399, RAN WG4 has introduced the support for High Speed Train (HST) scenarios in NR Frequency Range (FR2) in Release 17 NR_HST_FR2 WI.
As a result Release 17 discussion, a RAN4 requirement on One shot large UL timing adjustment for FR2 Power Class 6 UE was introduced in Clause 7.1.2.3 of TS 38.133.

RAN WG4 is working on the Release 18 NR_HST_FR2_enh WI on enhanced support for HST scenario in FR2. One of the objectives of the Release 18 WI [WID, RP-220985] is to 
· 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].
RAN4 has concluded that NW signalling assistance is needed to indicate when the UE shall apply one-shot large uplink timing adjustment at TCI state switch. The following was agreed at RAN4#106bis-e:
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs

Action 1: RAN4 respectfully asks RAN2 to introduce MAC-CE 1bit indication to inform UE on the TCI state switch across non-collocated RRHs.
2.1.2 RAN2 LS response R2-2306865
RAN2 discussed the RAN4 LS (R4-2306399) on MAC-CE based indication for cross-RRH TCI state switch. RAN2 agreed that It is feasible to specify requested MAC CE. But before progressing with the CRs RAN2 would like to understand and ask for few clarifications.
Therefore, RAN2 would like to seek RAN4’s input for the below questions:
· Question 1: Is it correct RAN2 understanding that the RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321?
· Question 2: Whether the enhanced TCI state indication in 6.1.3.44 of TS 38.321 (i.e., the MAC CE indicates two target TCI states) or the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) is intended to be supported for cross-RRH TCI state switch ? 
· Question 3: What is the intended UE behavior (e.g. regarding timing advance handling) upon reception of the MAC CE with indication on the TCI state switch across RRHs? For example, Does UE behavior also depend on the existing RRC parameter highSpeedDeploymentTypeFR2? Is it possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs and if not should UE stop uplink transmissions?
2. Actions:
To RAN4 group:.
ACTION: 	RAN2 respectfully asks RAN4 to provide feedback to the questions presented in the LS.
2.1.3 RAN4 further LS response R4-2314299
At RAN4#106bis-e meeting, in LS R4-2306399, RAN4 has requested RAN2 to introduce MAC-CE 1bit indication to inform UE on the TCI state switch across non-collocated RRHs. In LS Reply R2-2306865, RAN2 agrees that it is feasible to specify requested MAC CE, but before progressing with the CRs RAN2 asks for few clarifications (Questions 1-3 below).
RAN4 discussed the questions from RAN2 and provides the following clarifications and answers:

RAN4 sees a need to define enhanced MAC CE indication in HST FR2 deployments and corresponding [highSpeedTCISwitchEnhMAC-CE-FR2-r18] UE capability:
· If MAC-CE bit indicates “1” then for the TCI state switch, UE may expect that there is a large timing difference between DL signals from two non-collocated RRHs.
· If MAC-CE bit indicates “0” then for the TCI state switch, UE may expect that the timing difference between DL signals from two RRHs or from the same RRH is smaller than a quarter of CP.

· Question 1 (RAN2):
Is it correct RAN2 understanding that the RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321?
· Answer 1 (RAN4):
Yes, RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321.

· Question 2 (RAN2):
Whether the enhanced TCI state indication in 6.1.3.44 of TS 38.321 (i.e., the MAC CE indicates two target TCI states) or the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) is intended to be supported for cross-RRH TCI state switch?
· Answer 2 (RAN4):
Enhanced TCI state indication in 6.1.3.44 (i.e., the MAC CE indicates two target TCI states) and the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) are not intended to be supported by enhanced MAC-CE indication.

· Question 3 (RAN2):
What is the intended UE behavior (e.g. regarding timing advance handling) upon reception of the MAC CE with indication on the TCI state switch across RRHs? For example, Does UE behavior also depend on the existing RRC parameter highSpeedDeploymentTypeFR2? Is it possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs and if not should UE stop uplink transmissions?
· Answer 3 (RAN4):
In HST FR2 scenario, when highSpeedMeasFlagFR2-r17 is configured the following HST PC 6 UE behavior is expected upon the reception of enhanced MAC CE:
1) MAC-CE indicates “1”:
a. Rel-17 TCI state switching delay requirements in HST FR2 scenarios from TS 38.133, Clause 8.10.3A are followed without changes.
b. When highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for HST PC 6 UE supporting [largeOneStepUL-timingFR2-r17] capability, UE shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold.
2) MAC-CE indicates “0”:
a. UE follows the Rel-15 TCI state switching requirements as described in TS 38.133 Clause 8.10.3
b. Gradual timing adjustment requirements in Clause 7.1.2.1 in TS 38.133 apply to the first UL transmission after TCI state switch, i.e., one shot large UL timing adjustment is not applied.
UE timing adjustment behavior does not depend on the existing Rel-17 RRC parameter highSpeedDeploymentTypeFR2.
No new PC6 UE behaviour is expected in comparison to Rel-17 when Rel-18 enhanced MAC CE indication is not signaled or UE does not support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] capability.

Actions:
To RAN2 group:
ACTION1: 	RAN4 respectfully asks RAN2 to specify requested MAC CE based indication for enhanced TCI state switch in R18 considering the Answers 1-3 provided by RAN4 to the RAN2 Questions 1-3.
2.2 Discussion on the new MAC CE
In HST scenario, TCI state of a UE needs to be frequently updated as the train moves along the track.
The update of TCI state can be categorized to 2 types:
· TCI state switch within same (remote radio head) RRH/(transmission reception point)TRP
· TCI state switch among different RRHs/TRPs
Currently, the beam/TCI state switching procedure assumes that the same Timing Advance (TA) is applicable to the UE in source and target beam in the same cell.  Therefore, with the existing procedure, a UE cannot distinguish whether the TCI state switch occurs for the same RRH or different RRHs. 
[bookmark: _Toc145616689]In the legacy, upon reception of a TCI state switch command, the UE cannot distinguish the target TCI state and the old TCI state belong to the same or different RRHs/TRPs
RAN4 in the LS R4-2314299 indicates that RAN4 has intended to only affect the MAC CEs for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321.
Therefore, the relevant MAC CE is TCI State Indication for UE-specific PDCCH MAC CE. 
In this MAC CE, there is no R field which can be used for the additional bit. There are two options expected to introduce the additional bit in the new MAC CE (e.g., named as Cross-RRH TCI State Indication for UE-specific PDCCH)
Option 1: the new MAC CE contains one additional bit compared to UE-specific PDCCH MAC CE in the payload. This additional bit would lead to one additional byte to be added to the new MAC CE for byte alignment purpose. In addition, a new LCID needs to be defined for the new MAC CE. The additional bit carries the value “1” indicating that the target TCI state belongs to different RRH than the old TCI state, and the value “0” indicating that the target TCI state belongs to the same RRH as the old TCI state.
Option 2: the new MAC CE usese the same payload as UE-specific PDCCH MAC CE. In addition, a new LCID needs to be defined for the new MAC CE. In this option, the usage/choice of the MAC CE indicates whether the target TCI state belongs to different RRH than the old TCI state or not. In other words,
the usage of the new MAC CE means that the target TCI state belongs to different RRH than the old TCI state.
The usage of UE-specific PDCCH MAC CE means that the target TCI state belongs to the same RRH as the old TCI state.
For both options, option 2 is better in terms of the control signalling overhead and the efforts of specification change.
[bookmark: _Toc145616690]It is better to define a new MAC CE (e.g., named as Cross-RRH TCI State Indication for UE-specific PDCCH) with the same payload as TCI State Indication for UE-specific PDCCH MAC CE.
Accordingly, one LCID needs to be defined for the new MAC CE. It is natural to define the new LCID in the eLCID space, since there are limited values left in the LCID space. Therefore, we would like to make the below proposals.
[bookmark: _Toc146809278]Define a new MAC CE (e.g., named as Cross-RRH TCI State Indication for UE-specific PDCCH) with the same payload as TCI State Indication for UE-specific PDCCH MAC CE. Its associated LCID is defined in the eLCID space.
[bookmark: _Toc146809279]The reception of the new MAC CE means that the target TCI state belongs to a different RRH than the old TCI state.
According to answers to question 3 in LS R4-2314299, upon reception of the new MAC CE, the R18 UE supporting [highSpeedTCISwitchEnhMAC-CE-FR2-r18] capability shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold. Otherwise (i.e., when the new MAC CE is not signalled or the UE does not support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] capability), no new UE behaviour is expected in comparison to Rel-17. The UE would then apply the legacy UE behaviours. In our view, it is sufficient to capture UE behaviours on handling TA adjustment (if there is any change) in RAN4 specs. The MAC layer only needs to inform the lower layer of the TCI state (as the legacy) and the indicator (indicating there is a large timing difference between DL signals from two RRHs). The latter information is important for the lower layer since it is the additional information that the new MAC CE carries than the existing MAC CE.
[bookmark: _Toc146809280]Upon reception of the new MAC CE, the MAC layer informs the lower layer of the below information:
a. [bookmark: _Toc146809281]The TCI state.
b. [bookmark: _Toc146809282]the indicator (indicating there is a large timing difference between DL signals from two RRHs).
In addition, RAN4 has also indicated in the LS R4-2314299 that a new UE capability (e.g., highSpeedTCISwitchEnhMAC-CE-FR2-r18) needs to be defined for R18 UE supporting power class 6 in FR2. This UE capability indicates whether the UE supports the enhanced TCI state indication in HST FR2 deployments. Since the feature is regarding a MAC CE, RAN2 can just agree to introduce such UE capability. In addition, a Rel-18 UE supporting this new UE capability shall also support the R17 UE capability ue-OneShotUL-TimingAdj-r17. 
[bookmark: _Toc146809283]A new UE capability (highSpeedTCISwitchEnhMAC-CE-FR2-r18) is defined for R18 UE supporting power class 6. The new UE capability indicates whether the UE supports the enhanced TCI state indication in HST FR2 deployments (i.e., per UE and FR2 only).
[bookmark: _Toc146809284]A UE supporting the new UE capability (highSpeedTCISwitchEnhMAC-CE-FR2-r18) also needs to support the R17 UE capability (ue-OneShotUL-TimingAdj-r17).

Based on the above proposals, we have also prepared the corresponding draft CRs [1,2,3].
[bookmark: _Toc146809285]Adopt the changes captured in the draft CRs R2-2310135, R2-2310136 and R2-2310137.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	In the legacy, upon reception of a TCI state switch command, the UE cannot distinguish the target TCI state and the old TCI state belong to the same or different RRHs/TRPs
Observation 2	It is better to define a new MAC CE (e.g., named as Cross-RRH TCI State Indication for UE-specific PDCCH) with the same payload as TCI State Indication for UE-specific PDCCH MAC CE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Define a new MAC CE (e.g., named as Cross-RRH TCI State Indication for UE-specific PDCCH) with the same payload as TCI State Indication for UE-specific PDCCH MAC CE. Its associated LCID is defined in the eLCID space.
Proposal 2	The reception of the new MAC CE means that the target TCI state belongs to a different RRH than the old TCI state.
Proposal 3	Upon reception of the new MAC CE, the MAC layer informs the lower layer of the below information:
a.	The TCI state.
b.	the indicator (indicating there is a large timing difference between DL signals from two RRHs).
Proposal 4	A new UE capability (highSpeedTCISwitchEnhMAC-CE-FR2-r18) is defined for R18 UE supporting power class 6. The new UE capability indicates whether the UE supports the enhanced TCI state indication in HST FR2 deployments (i.e., per UE and FR2 only).
Proposal 5	A UE supporting the new UE capability (highSpeedTCISwitchEnhMAC-CE-FR2-r18) also needs to support the R17 UE capability (ue-OneShotUL-TimingAdj-r17).
Proposal 6	Adopt the changes captured in the draft CRs R2-2310135, R2-2310136 and R2-2310137.
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