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1. [bookmark: _Ref165266342]Introduction
Rel-18 WID on Further NR mobility enhancement (RP-221799 [1]) included the work related to facilitate mobility using L1/L2-based signaling. 
When the UE moves from the coverage area of one cell to another cell, at some point a serving cell change needs to be performed. Currently serving cell change is triggered by L3 measurements and is done by RRC signalling triggered Reconfiguration with Synchronisation for change of PCell and PSCell, as well as release add for SCells when applicable. All cases involve complete L2 (and L1) resets, leading to longer latency, larger overhead and longer interruption time than beam switch mobility. The goal of L1/L2 mobility enhancements is to enable a serving cell change via L1/L2 signalling, in order to reduce the latency, overhead and interruption time.
In this document we provide general concepts and configuration aspects for L1/L2 inter-cell mobility and proposals to progress the WID..
2. L1/L2 Inter-cell Mobility Schemes
2.1 General Concepts
To facilitate Rel-18 L1/L2 mobility, the general concepts could be based on the following:
· RRC can configure a set of cells for L1/L2 mobility (Configured Cell Set for L1/L2 Mobility). UE is provided with necessary configuration for these cells such that any of them can be updated to serve as an SpCell, and are in effect the candidate cells for L1/L2 mobility. The cell set is consisted of the Activated Cell Set and Deactivated Cell Set for L1/L2 mobility (example in Figure 1)
· Activated Cell Set: A group of cells in the configured set that are activated and can be used for data/control transfer and SpCell update by L1/L2 signaling
· A special case of this scenario is when UE has/can have (e.g. based on the capability) only one cell in the activated cell set, so the activation of another cell from the L1/L2 mobility configured cell set assumes deactivation of the current serving cell and SpCell switch
· Deactivated Cell Set: A group of serving cells in the L1/L2 mobility configured set that cannot be used for data and control Tx/Rx, but can be activated and used for SpCell update by L1/L2 signaling, and for which L1 measurement reporting is provided
· All cells in the configured cell set that are not activated are in the deactivated cell set
Additionally, a concept of Conditional Cell Set can be defined as group of cells in the configured set that can be activated/updated to SpCell by UE autonomously by L1/L2 signaling. This allows for conditional L1/L2-based SpCell changeis, a similar concept as the Conditional handover in the legacy system. 
Management of the activated set is done by L1/L2 signaling to activate/deactivate cells in the configured L1/L2 mobility set. Updating the activated cell set for L1/L2 mobility effectively updates the set of cells that can be designated as an SpCell by L1/L2 signaling. 
SpCell management outside of L1/L2 Mobility configured cell set can be done based on the legacy L3 mobility procedures, and can be used for SpCell change when a new SpCell is not from the activated cell set for L1/L2 mobility.


[bookmark: _Ref66699107]Figure 1: Serving cell-based inter-cell L1/L2 mobility
Proposal 1: gNB can configure serving cells for a UE that can be used to facilitate L1/L2 mobility.
Proposal 2: Cells configured for a UE to for L1/L2 mobility (Configured Cell Set for L1/L2 Mobility) can be activated or deactivated by L1/L2 signaling.
Proposal 3: Consider a concept of Conditional Cell Set defined as group of cells UE is configured for L1/L2 mobility that can be activated/updated to SpCell by UE autonomously by L1/L2 signaling.
Proposal 4: SpCell management outside of L1/L2 Mobility Configured Cell Set can be done based on the legacy L3 mobility procedures.
2.2 L1/L2 Mobility Configuration Aspects
To facilitate seamless mobility within the configured L1/L2 mobility cell set, the L1/L2 Mobility Configured cells need to have one or more SpCell configurations without actually being the SpCell. One SpCell configuration would be activated by L1/L2 signaling when the cell is updated as a new SpCell. L1/L2 mobility signaling for SpCell update should be acknowledged for reliability purpose. The acknowledgement may be implicit or explicit.
In addition, for gNB to timely select the best serving cells from the configured L1/L2 mobility cell set and fast activation and SpCell functionality activation, L1 measurements/reporting for deactivated cells configured for L1/L2 mobility need to be supported. This may also help facilitate sufficient beam management, timing synchronization, power control, etc. When L1/L2 mobility cell is deactivated, measurement reporting for that cell is done on an activated cell. For which deactivated cells configured for L1/L2 mobility UE provides L1 measurement reporting and which configuration is used is determined by signaling from gNB. gNB may dynamically update the configured L1 measurement/reporting set. Allowing dynamic update of the configured cells to measure/report by utilizing L1/L2 signaling would enable adaptive reporting of cells/beams of interest, reduced UE power, and reduced overhead, as only a desired set of cells/beams is measured and reported (example in Figure 2).


[bookmark: _Ref109053045]Figure 2: Dynamic L1 measurement and report
Proposal 5: For a cell in L1/L2 Mobility Configured Cell Set, UE can have one or more SpCell configurations and one SpCell configuration would be activated by L1/L2 signaling if the cell is updated as a new SpCell.
Proposal 6: L1/L2 mobility signaling for SpCell update is acknowledged for reliability purpose. The acknowledgement may be implicit or explicit.
Proposal 7: UE can be configured for L1 measurements and reporting of deactivated cell(s) in L1/L2 Mobility Configured Cell Set.
Proposal 8: Support dynamic update, using L1/L2 signaling, of the configured L1 measurement/reporting set.

2.3 Cell Configuration for L1/L2 Mobility 
We can utilize existing CA configuration with additional configuration elements to facilitate L1/L2 Mobility within the configured CA set. The L1/L2 mobility configured cell set can be a subset (an example is shown in Figure 3) or it can encompasses the whole CA set. We believe that the configuration for the cells in L1/L2 mobility configured cell set needs to contain SpCell and optionally SCell configuration. Each cell can be configured with e.g. L1L2MobilityConfig, indicated within the ServingCellConfig, potentially containing more than one SpCell and SCell config, where the actual config to be activated is specified by L1/L2 signaling. The SpCell config would be applied if a cell is updated from an Scell to an SpCell, and the SCell config would be applied if a cell is updated from an SpCell to an Scell by L1/L2 mobility signaling.
As noted previously, the configuration for L1/L2 mobility should be able to provide configuration for L1 measurements and reporting for deactivated cell state. This can also be included in the L1L2MobilityConfig. 


[bookmark: _Ref109053209]Figure 3: CA and L1/L2 mobility confiurtion
Proposal 9: In case of CA, utilize legacy CA configuration with additional config elements for L1/L2 mobility.
Proposal 10: In addition to SpCell config(s) and L1 measurements/reporting config(s) for deactivated cell state, cell configuration for L1/L2 Mobility can contain one or more SCell configurations that can be activated by L1/L2 signaling.

2.4 Cell Group L1/L2 Mobility
If we consider a scenario where a group of cell is collocated and there are multiple non-collocated groups that are configured for a UE for L1/L2 mobility (as shown in Figure 4), it would be beneficial to design a procedure and signaling (L3 configuration and L1/L2 cell activation/deactivation/SpCell update) to support group-based cell mobility.
For each cell group eligible for mobility by L1/L2 signaling, the cell group config would be provided, and L1/L2 signaling would determine the activation status of the configured cell group(s). If only one cell group can be active at the time, that would be considered an activated cell group switch, while if multiple activated cell groups may be allowed (based on UE capability to support this feature), that would be an activated cell group update. A UE may be configured with one or more cells within a cell group containing L1L2MobilityConfig, which allows for SpCell change by L1/L2 signalling within the activated cell group.


[bookmark: _Ref109053455]Figure 4: Cell group L1/L2 mobility
Proposal 11: UE can be configured with a group of cells for L1/L2 mobility, such that cell activation/deactivation and SpCell update is done on a cell group level using L1/L2 signaling.
Proposal 12: UE may be configured with one or more cells within a L1/L2 mobility cell group containing L1/L2 mobility config, which allows for SpCell change by L1/L2 signalling within the activated cell group.
2.5 Cell Synchronization Considerations
Cells in the L1/L2 Mobility Cell Set can belong to the same or different Timing Adjustment Group (TAG). Some secific considerations for L1/L2 mobility may include:
· pTAG management at SpCell update
· Switch in pTAG and sTAG designation is needed if previous SpCell and new SpCell are not in the same TAGs (an example is shown in Figure 5). The pTAG/sTAG association update in the L1/L2 mobility cell set can be done by L1/L2 signaling, based on the configured set of TAGs for each L1/L2 configured cell. The pTAG designation update can be implicit, based on the SpCell designation update.
· Techniques for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays in the legacy system 
· Activation of deactivated cells if there is no active cell in the TAG of the deactivated cell 
· Performing the RACH may cause significant delays due to RACH resource periodicity, which can be large especially for FR2


[bookmark: _Ref109053812]Figure 5: Cell synchronization consideration
Proposal 13: Consider schemes for pTAG management with SpCell update.
Proposal 14: Consider schemes for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays in the legacy system.
2.6 Delay Considerations for L1/L2 Mobility
The goal of L1/L2 mobility is to shorten the delays that are incurred by legacy L3 mobility (handover). The components that contribute to handover delay include L3 signaling, L3 measurements/reporting, DL and UL synchronization on the target cell. We believe that L1/L2 mobility scheme needs to address all of these components. This can be acheved by utilizing L1/L2 signaling instead of L3 signaling, utilizing L1 measurements/reporting for SpCell update instead of L3 measurements/reporting, considering the candidate cells for L1/L2 mobility (cells configured for a UE for L1/L2 mobility support) as configured serving cells with established DL synchronization, and by considering techniques for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays as in the legacy system. 
Proposal 15: L1/L2 mobility scheme needs to address the delay components of L3 handover by
· Utilizing L1/L2 signaling instead of L3 signaling
· Utilizing L1 measurements/reporting for SpCell update instead of L3 measurements/reporting
· Considering the candidate cells for L1/L2 mobility (cells configured for a UE for L1/L2 mobility support) as configured serving cells with established DL synchronization
· Considering techniques for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays as in the legacy system. 
2 Conclusion
In this document, we provided baseline concepts and signaling aspects for L1/L2 inter-cell. Based on those, we observe and propose the following:
Proposal 1: gNB can configure serving cells for a UE that can be used to facilitate L1/L2 mobility.
Proposal 2: Cells configured for a UE to for L1/L2 mobility (Configured Cell Set for L1/L2 Mobility) can be activated or deactivated by L1/L2 signaling.
Proposal 3: Consider a concept of Conditional Cell Set defined as group of cells UE is configured for L1/L2 mobility that can be activated/updated to SpCell by UE autonomously by L1/L2 signaling.
Proposal 4: SpCell management outside of L1/L2 Mobility Configured Cell Set can be done based on the legacy L3 mobility procedures.
Proposal 5: For a cell in L1/L2 Mobility Configured Cell Set, UE can have one or more SpCell configurations and one SpCell configuration would be activated by L1/L2 signaling if the cell is updated as a new SpCell.
Proposal 6: L1/L2 mobility signaling for SpCell update is acknowledged for reliability purpose. The acknowledgement may be implicit or explicit.
Proposal 7: UE can be configured for L1 measurements and reporting of deactivated cell(s) in L1/L2 Mobility Configured Cell Set.
Proposal 8: Support dynamic update, using L1/L2 signaling, of the configured L1 measurement/reporting set.
Proposal 9: In case of CA, utilize legacy CA configuration with additional config elements for L1/L2 mobility.
Proposal 10: In addition to SpCell config(s) and L1 measurements/reporting config(s) for deactivated cell state, cell configuration for L1/L2 Mobility can contain one or more SCell configurations that can be activated by L1/L2 signaling.
Proposal 11: UE can be configured with a group of cells for L1/L2 mobility, such that cell activation/deactivation and SpCell update is done on a cell group level using L1/L2 signaling.
Proposal 12: UE may be configured with one or more cells within a L1/L2 mobility cell group containing L1/L2 mobility config, which allows for SpCell change by L1/L2 signalling within the activated cell group.
Proposal 13: Consider schemes for pTAG management with SpCell update.
Proposal 14: Consider schemes for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays in the legacy system.
Proposal 15: L1/L2 mobility scheme needs to address the delay components of L3 handover by
· Utilizing L1/L2 signaling instead of L3 signaling
· Utilizing L1 measurements/reporting for SpCell update instead of L3 measurements/reporting
· Considering the candidate cells for L1/L2 mobility (cells configured for a UE for L1/L2 mobility support) as configured serving cells with established DL synchronization
· Considering techniques for UL synchronization and activation of a candidate cell (a deactivated cell in L1/L2 mobility configured cell set) that would incur smaller than the RACH delays as in the legacy system.
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