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1. Introduction
NR_HST_FR2_enh (enhanced NR support for high speed train scenario in FR2) is a RAN4-led Rel-18 topic [1], and one of the objectives with RAN2 impact is the following:
	· 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 made a number of agreements and sent an LS to RAN2 [2]. In the LS, RAN2 is asked to introduce 1bit indication in MAC-CE to inform UE on the TCI state switch across non-collocated RRHs. In this contribution, we discuss the corresponding RAN2 impacts.
	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.
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2.1 MAC CE design
From Rel-15 to Rel-17, there are multiple TCI state indication/activation MAC CEs, including:
- TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (Clause 6.1.3.14 in TS 38.321), 
- TCI State Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.15 in TS 38.321), 
- TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (Clause 6.1.3.24	 in TS 38.321), 
- Enhanced TCI States Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.44 in TS 38.321), 
- Unified TCI States Activation/Deactivation MAC CE (Clause 6.1.3.47 in TS 38.321).
In the RAN4 LS, it does not clearly mention the one-bit indication should be introduced for which of MAC CEs. However, according to the RAN4 agreements [3], it states that UE-specific PDCCH MAC CE is considered. In addition, the corresponding part in RAN4 specification shows that the MAC-CE based TCI state switch delay is only defined for PDCCH in HST FR2 scenarios.
Therefore, we conclude that UE-specific PDCCH MAC CE can be considered for indicating the TCI state switch across non-collocated RRHs.
	RAN4 #106bis-e WF
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.

TS 38.133 v18.1.0, Clause 8.10.3A
8.10.3A	MAC-CE based TCI state switch delay in HST FR2 scenarios
For FR2 power class 6 UE, if the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the symbol m of the first slot that is after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE;
-	TSSB-proc = 2 ms;
-	Trs is time to the first TRS or SSB transmission after the SSB transmission in the definition of Tfirst-SSB is processed by the UE;
-	Trs-proc = 2 ms;
-	TOk = 1, m = 0 if target TCI state is not in the active TCI state list for PDSCH; otherwise TOk = 0, m = 1.
For FR2 power class 6 UE, if the target TCI state is unknown, the same requirement for unknown target TCI state case specified in clause 8.10.3 applies.



Regarding the RAN2 impacts due to the indication of the TCI state switch across non-collocated RRHs, our analysis is provided as below.

	6.1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
[-----------omitted----------]


[bookmark: _Hlk134718358]Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE


Alternative 1 is that we use a new LCID in Table 6.2.1-1 for across-RRH TCI state switch indication and modify the MAC CE description of Clause 6.1.3.15 to include the across-RRH TCI state switch indication case. One benefit of using LCID is that the MAC subheader length is one byte shorter, so the UE may get this MAC CE more reliable when the channel quality is not that good. However, the number of reserved bits is limited, so it may be not very friendly for future features which need the shorter length header with LCID.
Alternative 2 is that we re-use the existing TCI State Indication for UE-specific PDCCH MAC CE, but it will be identified by a MAC subheader with eLCID (see the Table 6.2.1-1b Values of one-octet eLCID for DL-SCH). In this case, the number of reserved bits will not be a problem. This alt may need a new subsection for the new MAC CE for across-RRH TCI state switch indication.
RAN2 to agree on re-using the existing structure of TCI State Indication for UE-specific PDCCH MAC CE, and discuss how it is identified. There are two alternatives:
Alt1: The MAC CE is identified by a MAC subheader with LCID. In Table 6.2.1-1 Values of LCID for DL-SCH, use a reserved LCID value for across-RRH TCI state switch indication. 
Alt2: The MAC CE is identified by a MAC subheader with eLCID (this may need a new subsection). In Table 6.2.1-1b Values of one-octet eLCID for DL-SCH, use a reserved one-octet eLCID for across-RRH TCI state switch indication.

2.2 Other potential RAN2 impacts
The Rel-18 MAC-CE based indication for cross-RRH TCI state switch feature is an enhancement to Rel-17 one-shot large uplink timing adjustment at TCI state switch. In the past, for some features, there were impacts on RRC signalling procedures and UE capability parts. If P1 and P2 are agreeable, the next step would be about RRC signalling and UE capability impacts, which may need more RAN2 considerations. Maybe RAN4 can be involved for such RAN2 impacts.
If P1 is agreeable, RAN2 may need to check possible impacts on RRC signalling and UE capability parts.
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[bookmark: OLE_LINK7]Based on the discussion in this contribution, we have the following proposals:
1. RAN2 to agree on re-using the existing structure of TCI State Indication for UE-specific PDCCH MAC CE, and discuss how it is identified. There are two alternatives:
Alt1: The MAC CE is identified by a MAC subheader with LCID. In Table 6.2.1-1 Values of LCID for DL-SCH, use a reserved LCID value for across-RRH TCI state switch indication. 
Alt2: The MAC CE is identified by a MAC subheader with eLCID (this may need a new subsection). In Table 6.2.1-1b Values of one-octet eLCID for DL-SCH, use a reserved one-octet eLCID for across-RRH TCI state switch indication.

If P1 is agreeable, RAN2 may need to check possible impacts on RRC signalling and UE capability parts.
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