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Introduction
According to WID on Further NR mobility enhancements [1], the detail objectives to support L1/L2 inter-cell mobility is provided as below:
	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]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



In this contribution, we provide the main scenario which meets the above objectives and the target performance enhancements in terms of latency reduction during the mobility.
Discussion
Scenario of L1/L2 Inter-cell Mobility
In Rel-17 feMIMO WI, inter-cell beam management (ICBM) using unified TCI framework was introduced. Main functionality of the inter-cell beam management using unified TCI framework is that:
· Both UL/DL channels use the unified TCI state which can be configured from inter-cell (i.e. each TCI state indicates the PCI info which the beam is originated from). 
· UE can receive or transmit UE dedicated channels/signals via a TRP associated with a PCI different from the serving cell. 
· Non-UE-dedicated channels/signals can only be received via a TRP associated with a PCI of the serving cell. 
· Support a measurement configuration includes SSB resources associated with PCIs different from the PCI of a serving cell.
However, the L1/L2 based inter-cell mobility is not supported even though L1 measurement/report and L1/L2 signaling for inter-cell beam management are supported. The main functionality between Rel-17 ICBM and Rel-18 L1/L2 inter-cell mobility is described in Fig 1.


Fig 1: Scenario for Rel-17 inter-cell beam management and Rel-18 L1/L2 inter-cell mobility
The expected procedure on Rel-18 L1/L2 inter-cell mobility is summarized as below:
1. UE receives from serving cell, configurations (L1 measurement/report configuration and pre-configuration of the cell applicable after inter-cell mobility) for the cells having different PCI from the serving cell.
2. UE performs beam measurement and report L1 measurement to serving cell.
3. Based on the L1 measurement reports, TCI state of the cell having different PCI from the serving cell is activated from the serving cell (by L1/L2 signaling). 
4. UE applies the inter-cell mobility (i.e. HO) and beam management simultaneously.
· UE applies the pre-configured cell configuration
· If needed (i.e. UL Timing advance is required), random access to the indicated cell is performed
· UE starts receiving UE-dedicated PDSCH, PDCCH from target cell
· UE starts transmitting UE-dedicated PUSCH, and PUCCH to target cell

Proposal 1: RAN2 adopt the basic scenario of L1/L2 inter-cell mobility using unified TCI framework.
1. UE receives from serving cell, configurations (L1 measurement/report configuration and pre-configuration of the cell applicable after inter-cell mobility) for the cells having different PCI from the serving cell.
2. UE performs beam measurement and report L1 measurement to serving cell.
3. Based on the L1 measurement reports, TCI state of the cell having different PCI from the serving cell is activated from the serving cell (by L1/L2 signaling). 
4. UE applies the inter-cell mobility (i.e. HO) and beam management simultaneously.
· UE applies the pre-configured cell configuration
· If needed (i.e. UL Timing advance is required), random access to the indicated cell is performed
· UE starts receiving UE-dedicated PDSCH, PDCCH from target cell
· UE starts transmitting UE-dedicated PUSCH, and PUCCH to target cell
Target Performance Enhancements
As shown in Fig 1, the HO procedure with beam management is significantly reduced i.e. latency reduction of HO + ICBM by L1/L2 inter-cell mobility.
1. Legacy procedure (HO + BM)
1) Step 1: RRC reconfiguration (L3 measurement/report, TCI state, etc.)
2) Step 2: L3 measurement/report
3) Step 3: L3 HO command
4) Step 4: RRC reconfiguration (L1 measurement/report, TCI state, etc.)
5) Step 5: L1 measurement/report
6) Step 6: Beam management (i.e. TCI state indication)

2. Rel-17 inter-cell BM + legacy HO
1) Step 1: RRC reconfiguration (L1 measurement/report, TCI state, etc.)
2) Step 2: L1 measurement/report
3) Step 3: L1/L2 signaling for ICBM
4) Step 4: L3 measurement/report
5) Step 5: L3 HO command
3. L1/L2 inter-cell mobility
1) Step 1: RRC reconfiguration (L1 measurement/report, TCI state, pre-configuration for the cells having PCI different from the serving cell)
2) Step 2: L1 measurement/report
3) Step 3: L1/L2 signaling for HO with ICBM

We also think this L1/L2 inter-cell mobility can be subsequently applied after HO completion so it also reduce all inter-cell mobility procedures in terms of RRC configuration and measurement/report procedures.
From our understanding, the latency reduction factors and steps which can be obtained from L1/L2 inter-cell mobility compared with the legacy HO+BM model is that:
1. L1 measurement based HO decision: Do not require the L3 measurement/report and HO indication by RRC
2. HO indication with the optimal beam indication: Do not require the additional RRC reconfiguration and L1 measurement/report after HO completion
3. Subsequent L1/L2 inter-cell mobility

Observation 1: L1/L2 inter-cell mobility provides the latency reduction upon handover with beam management.
· Do not require the L3 measurement/report and HO indication by RRC
· Do not require the additional RRC reconfiguration and L1 measurement/report after HO completion
· Support the subsequent L1/L2 inter-cell mobility after HO completion
Applicable Deployment Scenario
First, we think all described scenarios in [1] can be feasible scenario so all below cases should be studied to support L1/L2 inter-cell mobility.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized

In Fig 1, only intra-DU case is explained as an example and we think this deployment scenario is the default for the starting point because it is simple compared with other deployment scenario (i.e. intra-CU inter-DU case). However, inter CU case should be deprioritized because it requires more work on RAN2/3 i.e. signaling between CUs (e.g. XnAp) is also required. 
For supporting L1/L2 inter-cell mobility on intra-CU inter-DU case, the assumption that source and target cells are not synchronized is needed. In this case, random access procedure toward the target cell after L1/L2 signaling for L1/L2 inter-cell mobility may be required. However, this random access procedure reduces the advantage of L1/L2 inter-cell mobility in terms of latency reduction during the inter-cell mobility. 
Proposal 2: RAN2 need to support L1/L2 inter-cell mobility in case of intra-DU case and intra-CU inter-DU case (i.e. deprioritized the inter-CU inter-DU case).
Observation 2: Intra-CU inter-DU case may requires the random access procedure after L1/L2 signaling for L1/L2 inter-cell mobility.
Proposal 3: Timing advance management at least for intra-CU inter-DU case should be required and RAN2 need to enhance the procedures for latency reduction.
Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation 1: L1/L2 inter-cell mobility provides the latency reduction upon handover with beam management.
· Do not require the L3 measurement/report and HO indication by RRC
· Do not require the additional RRC reconfiguration and L1 measurement/report after HO completion
· Support the subsequent L1/L2 inter-cell mobility after HO completion
Observation 2: Intra-CU inter-DU case may requires the random access procedure after L1/L2 signaling for L1/L2 inter-cell mobility.

Proposal 1: RAN2 adopt the basic scenario of L1/L2 inter-cell mobility using unified TCI framework.
1. UE receives from serving cell, configurations (L1 measurement/report configuration and pre-configuration of the cell applicable after inter-cell mobility) for the cells having different PCI from the serving cell.
2. UE performs beam measurement and report L1 measurement to serving cell.
3. Based on the L1 measurement reports, TCI state of the cell having different PCI from the serving cell is activated from the serving cell (by L1/L2 signaling). 
4. UE applies the inter-cell mobility (i.e. HO) and beam management simultaneously.
· UE applies the pre-configured cell configuration
· If needed (i.e. UL Timing advance is required), random access to the indicated cell is performed
· UE starts receiving UE-dedicated PDSCH, PDCCH from target cell
· UE starts transmitting UE-dedicated PUSCH, and PUCCH to target cell

Proposal 2: RAN2 need to support L1/L2 inter-cell mobility in case of intra-DU case and intra-CU inter-DU case (i.e. deprioritized the inter-CU inter-DU case).
[bookmark: _GoBack]Proposal 3: Timing advance management at least for intra-CU inter-DU case should be required and RAN2 need to enhance the procedures for latency reduction.
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