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Introduction
For Rel-18 mobility enhancement, the following objective on RAN1 related enhancement were agreed.
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]





In this contribution, we provide some discussions on L1 enhancement for inter-cell beam management.
Rel-17 inter-cell beam management 
In Rel-17, the inter-cell BM has been introduced, which is based on unified TCI framework. The gNB can indicate a joint TCI or a pair of DL/UL TCIs associated with a neighbor cell SSB for dedicated DL/UL channels. The non-dedicated signals should still be based on the TCI associated with a serving cell SSB. The non-dedicated signals include the PDCCH in a CORESET associated with at least one Type 0/0A/1/2 CSS as well as the scheduled PDSCH. For intra-cell BM, the gNB can also indicate a joint TCI or a pair of DL/UL TCI associated with a serving cell SSB based on the same mechanism as inter-cell BM, where the TCI is provided by MAC CE or DCI format 1_1/1_2. The action delay for TCI indication for intra-cell BM and inter-cell BM is the same. For MAC CE based TCI indication, the action delay is always 3ms after the ACK for the MAC CE. For DCI based TCI indication, the action delay is configured by RRC parameter beamAppTime.
In addition, inter-cell BM also supports inter-cell BFR, where the CBD RS can be an RS from the neighbor cell. After 28 symbols after the UE receives the response to the BFRQ from the gNB, the UE can automatically apply the reported new beam to the dedicate signals. 
Observation 1: In Rel-17, inter-cell BM is only applicable for dedicated signals.
Observation 2: In Rel-17, intra-cell BM and inter-cell BM share the same TCI indication framework and action delay.
Observation 3: Rel-17 supports BFR operation based on a neighbor cell CBD RS.
Beam indication enhancement for Rel-18 mobility
Compared to Rel-17 inter-cell BM, which does not allow serving cell change, the Rel-18 mobility enhancement should support the serving cell change after beam indication. The beam indication for Rel-18 mobility enhancement should be based on the unified TCI framework as well. However, since the serving cell change is allowed, the indicated TCI should be applied to the non-UE dedicated signals. Whether the serving cell should be changed or not can be based on whether the indicated TCI is applied to non-UE dedicated signals or not. For beam indication with serving cell change, it could require the UE to update RRC parameters based on the target cell’s configuration. Thus, it is necessary to introduce a second action delay for beam indication.
Proposal 1: For Rel-18 mobility, the indicated unified TCI applied associated with a neighbor cell SSB to dedicated signals can also be applicable to non-UE dedicated signals.
· If the indicated TCI is applied to non-UE dedicated signals, UE shall assume the serving cell should change 
· Otherwise, UE shall not assume the serving cell should change
Proposal 2: Support to introduce a second beam application delay for unified TCI indication with serving cell change.
In addition, current unified TCI indication is based on L1 ACK. There is no L2/L3 ACK mechanism as the handover procedure. It is possible for misunderstanding between the gNB and UE on the ACK/NACK status for the unified TCI indication. There can be the following two cases:
· Case 1: UE transmits an ACK for the TCI indication, but gNB decodes it as NACK/DTX
· Case 2: UE transmits a NACK/DTX for the TCI indication, but gNB decodes it as an ACK
Then the NW and UE could have misunderstanding on the serving cell. Some fallback operation should be studied with regard to the potential incorrect detection of ACK/NACK for unified TCI indication.
Proposal 3: Study fallback operation with regard to incorrect detection of ACK/NACK for unified TCI indication that requires serving cell change.
Beam measurement and report for Rel-18 mobility
The time difference between the downlink signals from the source cell and target cell may be above CP. Then for beam measurement and report, it is possible that the UE cannot receive the downlink signals from two cells simultaneously. Instead, a L1 measurement gap can be considered when the UE is configured to measure the neighbor cell downlink signals. 
Compared to the MG used for L3 measurement, the duration for L1 MG can be much smaller. The inter-cell beam measurement does not require the UE to perform blind detection. Since inter-cell BM is utilized, the two cells should have some kind of synchronization. Therefore, the L1 MG can be defined in symbol-level. With regard to L1-RSRP/L1-SINR report and CBD, the L1 MG can be introduced for the corresponding SSB/CSI-RS from the neighbor cells configured for L1-RSRP/L1-SINR report or CBD.
Proposal 4: Support to introduce symbol-level L1 measurement gap for SSB/CSI-RS from the neighbor cells configured for L1-RSRP/L1-SINR report or CBD.
BFR for Rel-18 mobility
In Rel-17, after receiving the BFR response, the UE can update the beam for the channels that share the indicated unified TCI based on the reported new beam. However, the indicated unified TCI should be applicable for dedicated signals only with regard to inter-cell BM. If inter-cell mobility is considered, the UE can update the beam for the channels including both dedicated channel and non-dedicated channels if the new beam is associated with a target cell, which requires a serving cell change. Further the 28 symbols delay to update the beam should be insufficient for UE to switch to the new serving cell. Some additional delay for serving cell change should be introduced.
Proposal 5: Support the UE updates the beam for channels including both dedicated and non-dedicated channels based on the newly reported beam requiring serving cell change after 28+X symbols after the UE receives the BFR response
· X is the delay for serving cell change

Conclusion
In this contribution, we provided discussion on inter-cell BM enhancement for Rel-18 mobility enhancement. Based on the discussion, the following observations and proposals have been achieved.
Observation 1: In Rel-17, inter-cell BM is only applicable for dedicated signals.
Observation 2: In Rel-17, intra-cell BM and inter-cell BM share the same TCI indication framework and action delay.
Observation 3: Rel-17 supports BFR operation based on a neighbor cell CBD RS.

Proposal 1: For Rel-18 mobility, the indicated unified TCI applied associated with a neighbor cell SSB to dedicated signals can also be applicable to non-UE dedicated signals.
· If the indicated TCI is applied to non-UE dedicated signals, UE shall assume the serving cell should change 
· Otherwise, UE shall not assume the serving cell should change
Proposal 2: Support to introduce a second beam application delay for unified TCI indication with serving cell change.
Proposal 3: Study fallback operation with regard to incorrect detection of ACK/NACK for unified TCI indication that requires serving cell change.
Proposal 4: Support to introduce symbol-level L1 measurement gap for SSB/CSI-RS from the neighbor cells configured for L1-RSRP/L1-SINR report or CBD.
Proposal 5: Support the UE updates the beam for channels including both dedicated and non-dedicated channels based on the newly reported beam requiring serving cell change after 28+X symbols after the UE receives the BFR response
· X is the delay for serving cell change

