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1. [bookmark: _Ref165266342]Introduction
Rel-17 RAN1 FeMIMO WID (RP-193133) included the work related to the enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
· Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
· Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
· Unified TCI framework for DL and UL beam indication
· Enhancement on signalling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signalling (as opposed to RRC)
RAN1 sent an LS (R1-2102248) [1] to RAN2/3/4 requesting answers to some questions related to the L1/L2 inter-cell mobility. In this document we provide baseline concepts overview of the schemes for L1/L2 inter-cell mobility. 
2. Discussion
2.2 L1/L2 Inter-cell Mobility Schemes
From the RAN1 discussion, two schemes/approaches were identified for L1/L2 inter-cell mobility support
· Scheme 1: Beam-based mobility (Dynamic Point Selection-based mobility) where the indicated beam can be from a non-serving cell
· PCell change using L1/L2 signalling is not supported
· Scheme 2: Serving cell-based mobility where serving cell can be changed by L1/L2 signalling among a set of configured candidate cells
· The PCell change is possible using L1/L2 signalling without requiring legacy L3 handover.

Scheme 1: Beam-based Mobility
The beam-based mobility is facilitated by non-serving cell(s) while a UE is configured with a single serving cell. L1/L2 inter-cell mobility is achieved by selecting TCI state QCL-ed with a non-serving cell with different PCI.
The procedure for selecting the non-serving cells to be used in L1/L2 mobility could be initially based on UE L3 reports of detected neighbor PCIs. Based on the L3 report, gNB could configure TCI states associated with suitable neighbor cells (neighbor non-serving cells PCIs 3 and 4, while PCI 0 is a serving cell, as shown in the example in Figure 1). UE could then be configured with L1 measurements for those configured TCIs (e.g. in Figure 1, the PCIs 0,3,4 are defined as the L1 measurement PCI set). Based on the L1 measurements, gNB could activate a TCI state associated with any of the non-serving PCIs.
When scheduling a UE, its serving gNB selects either serving cell or non-serving cell beam to serve the UE. Unless the configuration of the serving and non-serving cells is the same, UE would have to get RRC configuration of the non-serving cell (therefore RRC signaling for the configuration of the nen-serving cell is needed). This also potentially requires a new cell concept: configured non-serving cell.
In this approach, the change of PCell be done only via legacy L3 handover, i.e. PCell change is not supported by L1/L2 signaling. That implies that the L1/L2 mobility here can be only local, and cannot provide mobility outside of the PCell (the serving cell) coverage.
[image: ]
[bookmark: _Ref66695099]Figure 1: Non-serving cell-based inter-cell L1/L2 mobility
The serving and non-serving cells for L1/L2 mobility are assumed to be have a common CU and a common DU (the question of using cells with different DUs is pending).
Observations
Observation 1: For non-serving cell-based L1/L2 mobility, unless the configuration of the serving and non-serving cells is the same, UE would have to get RRC configuration of the non-serving cell (therefore RRC signaling for the configuration of the non-serving cell is required).
Observation 2: For non-serving cell-based L1/L2 mobility, a new concept of the configured non-serving cell may need to be defined.
Observation 3: The non-serving cell based L1/L2 mobility cannot support PCell change (PCell change is done by legacy L3 signaling). That implies that the L1/L2 mobility here can only be local and cannot provide mobility outside of the PCell (the serving cell) coverage. 
Observation 4: At least two active TCI states need to be simultaneously supported at the UE – one for the broadcast channels received on the serving cell and one for the unicast channels for reception on the non-serving cell.

Scheme 2: Serving cell-based Mobility
The Serving cell-based Mobility is similar to the carrier aggregation (CA), but cells may be on the same carrier frequencies. Hence, the existing CA mechanisms could be used to enable L1/L2 mobility.
General concept for this scheme could involve the following:
· RRC configures a set of cells for L1/L2 mobility (Configured Cell Set 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 2)
· Activated Cell Set: A group of cells in the configured set that are activated and can readily be used for data and control transfer
· Deactivated Cell Set: A group of cells in in the configured set that are deactivated and can be readily be activated by L1/L2 signaling
L1/L2 mobility considerations include:
· Mobility management of the activated set, where L1/L2 signaling is used to activate/deactivate cells in the set and to select beams within the activated cells
· Seamless mobility within the activated cells in the set, equivalent of beam management in Rel-15/16
The serving cell based L1/L2 mobility can facilitate PCell change with a L1/L2 signaling. The L1/L2 signaling is used to set the PCell out of the configured PCell options. Hence, the L1/L2 mobility can provide mobility outside of a current PCell coverage and extend to the large coverage area of the entire Configured Cell Set for L1/L2 Mobility. The legacy L3 mobility is used for PCell change (L3 handover) when a new PCell is not from the Configured Cell Set for L1/L2 mobility.



[bookmark: _Ref66699107]Figure 2: Serving cell-based inter-cell L1/L2 mobility

Management of the Activated Set
Mobility within the configured L1/L2 mobility cell set is done by the cell activation/deactivation within the Configured Cell Set for L1/L2 Mobility. As the UE moves, the cells from the set are deactivated and activated by L1/L2 signaling based on a metric, such as the signal quality or loading. 
The L1/L2 mobility relies on L1 measurements and reporting of the configured cells for L1/L2 mobility.
Mobility within the activated set is based on the beam management - beam selection within the activated cell set. At any given time, UE could be signaled by L1/L2 control to monitor/measure a subset of beams from the cells in the Active Cell Set – active beam set
For SSB-based beam management, UE may be signaled to use a subset of SSBs for each active cell. The constrained number of SSBs in each cell for a UE is beneficial to reduce measurement complexity. The selection of communication beam(s) from the active beam set is controlled by L1/L2 signaling.
Observations
Observation 5: The Serving cell-based mobility could be realized by managing the Activated Cell Set (within the Configured Cell Set for L1/L2 Mobility) by L1/L2 signaling which provides seamless mobility within the Configured Cell Set for L1/L2 Mobility.
Observation 6: The Serving cell based L1/L2 mobility can facilitate PCell change with a L1/L2 signaling. The L1/L2 signaling is used to set the PCell out of the configured PCell options within the Configured Cell Set. 
Observation 7: The Serving cell-based L1/L2 mobility can provide mobility outside of a current PCell coverage and extend to the large coverage area of the entire Configured Cell Set for L1/L2 Mobility. 
Observation 8: In case of a single serving cell in the Activated Cell Set for the serving cell-based L1/L2 mobility, only one active TCI state needs to be supported at the UE.
3. Conclusion
In this document, we provided baseline concepts overview of the schemes for L1/L2 inter-cell mobility related to the LS R1-2102248 [1]. Based on those, we observe and propose the following:
Observation 1: For non-serving cell-based L1/L2 mobility, unless the configuration of the serving and non-serving cells is the same, UE would have to get RRC configuration of the non-serving cell, and therefore RRC signaling for the configuration of the non-serving cell is required.
Observation 2: For non-serving cell-based L1/L2 mobility, a new concept of the configured non-serving cell may need to be defined.
Observation 3: The non-serving cell based L1/L2 mobility cannot support PCell change (PCell change is done by legacy L3 signaling). That implies that the L1/L2 mobility here can only be local and cannot provide mobility outside of the PCell (the serving cell) coverage.
Observation 4: At least two active TCI states need to be simultaneously supported at the UE – one for the broadcast channels received on the serving cell and one for the unicast channels for reception on the non-serving cell.
Observation 5: The Serving cell-based L1/L2 mobility could be realized by managing the Activated Cell Set (within the Configured Cell Set for L1/L2 Mobility) by L1/L2 signaling which provides seamless mobility within the Activated Cell Set.
Observation 6: The Serving cell based L1/L2 mobility can facilitate PCell change with a L1/L2 signaling. The L1/L2 signaling is used to set the PCell out of the configured PCell options within the Activated Cell Set. 
Observation 7: The Serving cell-based L1/L2 mobility can provide mobility outside of a current PCell coverage and extend to the large coverage area of the entire Configured Cell Set for L1/L2 Mobility.
Observation 8: In case of a single serving cell in the Activated Cell Set for the serving cell-based L1/L2 mobility, only one active TCI state needs to be supported at the UE.
Proposal 1: RAN2 to further study non-serving cell-based L1/L2 mobility and serving cell-based L1/L2 mobility schemes and decide on feasibility, impact, and usefulness of the schemes.
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