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Introduction
In earlier NR releases, inter-cell mobility (handover) is triggered by L3 measurements and involves RRC signaling for Reconfiguration with Synchronization, which involves a complete L1 and L2 reset. This leads to longer latency, and larger overhead. To streamline the handover process L1/L2-based mobility is being introduced in the Rel-18 [1], with the following objective

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 Rel-17 inter-cell beam management (ICBM) has been introduced. ICBM supports UE dedicated channels to be received or transmitted on beams associated with a cell having a PCI different from the PCI of the serving cell. According to RAN2 agreements in RAN2#119e:
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.

In this contribution we present Samsung’s views on L1 enhancements to inter-cell beam management to support L1/L2 mobility. 
Discussion
Enhancements to L1 measurements and reporting
In Rel-17, it has been agreed to use the SSB associated with the PCI of a cell that is different from the PCI of the serving cell for beam measurement report.

Agreement (RAN1#107-e)
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP

Furthermore, it has been agreed in Rel-17 for ICBM that the beam report includes K SSBRI-RSRP pairs, the RSRP of the first pair is a 7-bit absolute value, and the remaining K-1 pairs have a 4-bit differential RSRP. K can be up to 4.

Agreement (RAN1#107-e)
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, Rel-15 L1-RSRP reporting format is reused for all SSBRI-RSRP pairs in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP

In Rel-18, we can consider CSI-RS as an additional reference signal for the beam measurement report. Rel-15, defined a CSI-RS resource for mobility that is used for handover purposes, such CSI-RS resource can be considered for handover purposes.
Proposal 1: For enhancements to L1 measurement and reporting for L1/L2 mobility, legacy RS types supporting mobility management (CSI-RS for Mobility) should be considered as source RS for beam measurement and reporting.
Additionally, for ICBM as defined in Rel-17, CSI-RS resources are configured that are association through a QCL relation with an SSB associated with the PCI of a cell that is different from the PCI of the serving cell. We can further study whether these CSI-RS resources can also be used for beam measurement reporting. These CSI-RS resource can include CSI-RS for tracking, or CSI-RS for beam management.
[bookmark: _GoBack]Proposal 2: For enhancements to L1 measurement and reporting for L1/L2 mobility, study the support of TRS and CSI-RS for beam management associated through a QCL relation to an SSB associated with a PCI of a cell that is different from the PCI of the serving cell as a source RS for beam measurement and reporting.
The format of the beam measurement report can be the same as that of Rel-17, consisting of up to K pairs of SSBRI-RSRP or CRI-RSRP. The first pair includes a 7-bit absolute RSRP, and remaining K-1 pairs includes a 4-bit differential RSRP. Where K can be up to 4. In addition, the number of actual reported pairs can be determined by the UE. For this case, the Rel-15 two-part UCI can be used to send the beam measurement report. Here, part 1 is of a fixed payload size, which, e.g., includes the beam measurement(s) for the serving cell, and used to indicate the size of the payload in part 2, e.g., by indicating the number of remaining pairs of SSBRI-RSRP or CRI-RSRP reported in part 2; part 2 includes the remaining pairs of SSBRI-RSRP or CRI-RSRP.
Proposal 3: Reuse the beam measurement report format of Rel-17, where the report resource ID can be SSBRI or CRI. Additionally, support reporting a variable number of SSBRI/RSRP pairs, wherein a UE reports in a single reporting instance a two-part beam report using the Rel-15 two-part UCI.

Beam indication
For inter-cell beam management, the TCI state can be associated with a cell having a PCI different from the PCI of the serving cell. The same framework can be used for L1/L2 mobility as starting point.
Proposal 4: For beam indication for L1/L2 mobility, the TCI state can be associated with a cell (target serving cell) having a PCI different from the PCI of the serving cell.
Dynamic cell switch
The advantage of using ICBM beam management for L1/L2 mobility is to reduce latency, signalling overhead and interruption time. This can be achieved by having the beam indication, when the indicated TCI state is associated with a cell having a PCI different from the PCI of the serving cell, act as the trigger for cell switch. 
Observation 1: Having TCI state indication act as the trigger for cell switch can reduce the latency, signalling overhead and interruption time of handover.
To achieve the benefits of TCI state indication-triggered cell switch, the UE should have the target cell configuration before the indication of a TCI state associated with a cell having a PCI different from the PCI of the serving cell (i.e., the target cell). This allows a full cell switch that is triggered by or associated with the TCI state indication. It should be noted that, RAN2 is already considering preparing the target cell configuration to dynamic switching with a full configuration.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.

There are several ways to achieve a dynamic cell switch based on beam indication that RAN1 can further consider:


[bookmark: _Ref114737497]Figure 1: UE initiated cell switch.

· Network-triggered dynamic cell switch. This can be based on indication of a TCI state associated with a cell (the target cell) having a PCI different from the PCI of the serving cell. The cell switch can happen at the application time of the TCI state, this would have fastest cell switch time as illustrated in Figure 2. One potential issue with doing the cell switch at the time of TCI state application is that it could lead ping-pong effect if subsequent TCI states are associated with the source serving cell. To avoid, this issue a separate signal can be used to do the cell switch. This is illustrate in Figure 3, where the UE is first indicated a TCI state associated with cell having a PCI different from the PCI of the serving cell, this is subsequently followed by a signal (that can be based on additional criterial) to perform the cell switch.



[bookmark: _Ref114737716]	Figure 2: Cell switch at the application time of the TCI state	




[bookmark: _Ref114738218]Figure 3: Cell switch after application TCI state using a separate signal.

Proposal 5: For enhancements L1/L2 mobility, study network triggered dynamic cell switch, triggered by or associated with a TCI state associated with the target serving cell.

· UE-initiated dynamic cell switch. The UE has knowledge of the signal strength from the surrounding TRPs (base stations), by measuring the RSRP of the reference signals transmitted from these TRPs. Hence, it would be in the best position to make the fastest decision on handover. The UE can indicate a handover request in its measurement report. The cell-switch can be triggered once the measurement report is received by the network (subject to a cell-switch latency), this is illustrated in Figure 1. Alternatively, the network, can transmit additional signaling to confirm the cell switch.

Proposal 6: For enhancements L1/L2 mobility, study UE-initiated dynamic cell switch.
When dynamic cell switching is provided via TCI indication, the indication should provide QCL information for both of DL reception and UL transmission. If only one of separated DL TCI state or separated UL TCI state is indication, UE may understand that cell switching happened only for DL or UL while another link is still accessed via legacy serving cell. Unless such connectivity is agreed as supported DC scenario, RAN1 should not support indicate of one separated TCI state via non-serving cell TCI indication.
Proposal 7: Non-serving cell TCI indication should include joint TCI or both of separated DL/UL TCI states except for DC scenario

Conclusions
The following observation and proposals have been made regarding L1 enhancements to support L1/L2 mobility:
Proposal 1: For enhancements to L1 measurement and reporting for L1/L2 mobility, legacy RS types supporting mobility management (CSI-RS for Mobility) should be considered as source RS for beam measurement and reporting.
Proposal 2: For enhancements to L1 measurement and reporting for L1/L2 mobility, study the support of TRS and CSI-RS for beam management associated through a QCL relation to an SSB associated with a PCI of a cell that is different from the PCI of the serving cell as a source RS for beam measurement and reporting.
Proposal 3: Reuse the beam measurement report format of Rel-17, where the report resource ID can be SSBRI or CRI. Additionally, support reporting a variable number of SSBRI/RSRP pairs, wherein a UE reports in a single reporting instance a two-part beam report using the Rel-15 two-part UCI.
Proposal 4: For beam indication for L1/L2 mobility, the TCI state can be associated with a cell having a PCI different from the PCI of the serving cell.
Observation 1: Having TCI state indication act as the trigger for cell switch can reduce the latency, signalling overhead and interruption time of handover.
Proposal 5: For enhancements L1/L2 mobility, study network triggered dynamic cell switch, triggered by or associated with a TCI state associated with the target serving cell.
Proposal 6: For enhancements L1/L2 mobility, study UE-initiated dynamic cell switch.
Proposal 7: Non-serving cell TCI indication should include joint TCI or both of separated DL/UL TCI states except for DC scenario
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