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[bookmark: _Ref73478328]1. Introduction
According to the WID of feMIMO [1], beam indication based on unified TCI framework with common data/control beam to be used for L1/L2-centric inter-cell mobility is specified as an objective to enhance the multi-beam operation.
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. 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:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

As a result of the discussion of these objectives, RAN1 made a few agreements and sent LS [2][3] to RAN2 including relevant agreements and some questions regarding the TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH.

For discussion purposes in this contribution, the term “inter-cell beam management” (a RAN1-oriented work including beam measurement/reporting and beam indication associated with a cell with a different cell ID from the serving cell) is used.

During the RAN2 meetings (RAN2#113bis-e, RAN2#114-e), RAN2 has started discussion on the L1/L2-centric inter-cell mobility, especially the expected scenarios and RAN2 impacts. However, there were debate among companies regarding the work scope to support L1/L2 centric inter-cell mobility in Rel-17. RAN2 sent LS reply [4] to RAN1 including answers for questions from RAN1 and RAN2 agreements on two expected scenarios with corresponding models based on RAN2 understanding. 
It should be noted that both scenarios are relevant for L1/L2-centric inter-cell mobility as the need for inter-cell beam management is evident for both scenarios. It should also be noted that there is nothing inherently/intrinsically/exclusively “multi-TRP” on inter-cell beam management. 
2. Discussion
2.1	Expected Scenario and corresponding models
In Rel-15/16, beam management in case of handover requires time delay due to the sequential procedure to complete the beam managements on a neighbour cell:
1. Handover procedures to acquire/update cell-specific parameters associated with the neighbour cell
2. Beam management procedures to find and switch to the Tx/Rx beams associated with the neighbour cell (i.e. beam configuration for target cell can be configured during/after HO completion)
0. Beam measurement/reporting based on the RRC configurations
0. TCI state activation by MAC CE or DCI (for beam management)

For this reason, one main objective in WI scope which is yellow highlighted above is introducing the TCI state update (beam indication) using source RS configured for neighbour cell(s) to enable inter-cell beam switching before/during HO indication i.e. reducing the interruption time on beam management.
RAN2 considered two possible scenarios and corresponding models (Inter-cell multi-TRP-like model and L1L2 mobility model) regarding L1/L2 centric inter-cell mobility, and the simplified figures and procedures for both scenarios are summarized (captured from [4]):


Figure 1. Expected scenarios on L1/L2 inter-cell mobility
Scenario 1: Inter-cell multi-TRP-like model 
	1. UE receives from serving cell, configuration of SSBs of the TRP with different PCI for beam measurement, and configurations needed to use radio resources for data transmission/reception incl resources for different PCI. 
	2. UE performs beam measurement for the TRP with different PCI and report it to serving cell.
	3. Based on the above reports, TCI state(s) associated to the TRP with different PCI is activated from the serving cell (by L1/L2 signaling). 
	4. UE receives and transmits using UE-dedicated channel on TRP with different PCI. 
	5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy).

Scenario 2: L1L2 mobility model (i.e. with serving cell change)
	1. UE receives from serving cell, configuration of SSBs of the cell with different PCI for beam measurement/ serving cell change.
	2. UE performs beam measurement for the cell with different PCI and report it to serving cell. 
	3. Serving cell configuration for cell with other PCI is provided to the UE by RRC (pre-configuration for serving cell change, FFS if this step is same as 1). 
	4. Based on the above reports, TCI states for cell with different PCI is activated along with the serving cell change (by L1/L2 signaling). FFS if this is multiple steps.
	5. UE changes the serving cell and starts receiving/transmitting using the pre-configured UE-dedicated channel and TCI states.

The main difference between two models is whether the L1/L2 signaling which triggers the “TCI state update” involves the serving cell change or not. 

As evident from Figure 1, the RAN1-pertinent steps involved in scenario 1 and scenario 2 are common:
1. RAN1 configuration: Pre-configuration of cell2 parameters.
2. L1 measurement on neighbouring cells (non-serving cells) for subsequent beam indication.
3. TCI state update to a neighbouring cell based on L1 measurement.
a. In scenario 1, the neighbouring cell of the indicated TCI state remains a non-serving cell.
b. In scenario 2, the neighbouring cell of the indicated TCI state becomes the serving cell (the change of neighbouring cell from a non-serving cell to a serving cell is a RAN2 procedure).

In particular, steps 2 and 3 are components of the “inter-cell beam management” (defined in Section 1). 
As previously mentioned, both scenarios can be relevant to the WI objective of supporting the enhanced beam management for inter-cell mobility. In addition, the RAN1 work (inter-cell beam management which includes inter-cell TCI state update/beam indication) required to fulfill the WI objective (cf. Section 1) is common in both scenarios.
Observation 1: Both Scenario 1 (multi-TRP-like model + legacy HO procedure) and Scenario 2 (i.e. potentially new L1/L2-triggered inter-cell mobility) require the same physical layer (RAN1) functionality of inter-cell beam management (which includes inter-cell TCI state update).
Since the work performed in RAN1 (steps 1, 2, and 3) remains the same regardless which scenario(s) RAN2 decides to focus on (e.g. scenario 1+2 vs scenario 1 only), it is clear that the RAN1 work can proceed in parallel with the RAN2 work.
Proposal 1: For L1/L2-centric inter-cell mobility, the work performed in RAN1 (inter-cell beam management) and RAN2 (features pertaining to scenario 1 and/or scenario 2) can proceed in parallel, i.e. RAN1 can proceed without dependence on RAN2, and vice versa

2.2	L1/L2-centric inter-cell mobility: RAN2 impact
In this section, RAN2 impacts associated with the two scenarios are explicated. 
Likewise, from RAN2 understanding, both scenarios can be relevant to the WI objective of supporting the enhanced beam management for inter-cell mobility.
Scenario 1 has impact on the physical layer (e.g. L1 measurement and report) and some higher layer impacts from RAN2 perspective:
· RRC pre-configurations on the dedicated channels for the neighbour TRP/Cell.
· L1 measurement on neighbouring cell. 
· New L1/L2 signaling for TCI state update.
· Handling of MAC entities at the change of TRP/Cell e.g. UL timing management.

Meanwhile, in addition to the previously mentioned impacts of Scenario 1, Scenario 2 has additional RAN2 impact because L1/L2 triggered L3 mobility (i.e. serving cell change) is clearly new functionality. The expected RAN2 work which is additionally needed for Scenario 2 compared with what we listed for Scenario 1 (note: there is no additional RAN1 impact expected for scenario 2) is provided below:
· Analysis of security of L1/L2 centric inter-cell mobility to avoid attacks causing unnecessary cell changes i.e. it seems that SA3 needs to check the feasibility.
· How the L1/L2 signaling for TCI state update triggers a change of the serving cell (e.g. whether L1 measurement or L3 measurement is used for HO in this scenario).
· How to ensure reliability, robustness and prevention of ping-pong for the L1/L2-triggered serving cell change i.e. to prevent frequent serving cell change.
· Interaction with existing features e.g. CA/DC, legacy HO mechanism (including CHO and DAPS).

Since LTE, serving cell change (e.g. handover, PSCell change) which also involves security key update has been handled by layer 3 procedures to ensure the stable performance, while RAN2 has responsibility for [other] mobility features. Mobility is an important topic in RAN2, requiring careful analysis to ensure a well-designed system. Given the aforementioned RAN2 impacts to support Scenario 2, substantial amount of work is required in RAN2. However, RAN2 is assigned only 2.5 TUs (0.5 + 0.5+ 0.5+ 1) in Rel-17 for FeMIMO, which not only covers L1/L2 centric inter-cell mobility but other FeMIMO works. Therefore, it is beneficial to clarify the scope of WI in Rel-17 for ensuring stable and timely completion of this feature. We suggest to focus the scope of L1/L2 centric inter-cell mobility to Scenario 1 in Rel-17, leaving Scenario 2 for Rel-18.
As described earlier, RAN1 work associated with the WID objective in Section 1 is substantially the same for scenario 1 and scenario 2, this allows the RAN1 work to proceed in Rel-17, independent of the scenario(s) supported by RAN2 in Rel-17. If Rel-17 only supports scenario 1 in RAN2, the RAN1 design, which is the same for both scenarios, is forward compatible with scenario 2 if supported by RAN2 in Rel-18.
Observation 2: Scenario 2 (potentially new L1/L2-triggered inter-cell mobility) requires substantial amount of RAN2 work in this WI far exceeding the allocated TUs.
Proposal 2: In RAN2, the scope of L1/L2-centric inter-cell mobility is restricted to inter-cell multi-TRP-like model + legacy HO (Scenario 1) in Rel-17.
3. Conclusion
In this contribution, we consider the RAN2 impact on supporting L1/L2 centric inter-cell mobility and following observations and proposal is made:
Observation 1: Both Scenario 1 (multi-TRP-like model + legacy HO procedure) and Scenario 2 (i.e. potentially new L1/L2-triggered inter-cell mobility) require the same physical layer (RAN1) functionality of inter-cell beam management (which includes inter-cell TCI state update).
Proposal 1: For L1/L2-centric inter-cell mobility, the work performed in RAN1 (inter-cell beam management) and RAN2 (features pertaining to scenario 1 and/or scenario 2) can proceed in parallel, i.e. RAN1 can proceed without dependence on RAN2, and vice versa

Observation 2: Scenario 2 (potentially new L1/L2-triggered inter-cell mobility) requires substantial amount of RAN2 work in this WI far exceeding the allocated TUs.
Proposal 2: In RAN2, the scope of L1/L2-centric inter-cell mobility is restricted to inter-cell multi-TRP-like model + legacy HO (Scenario 1) in Rel-17.
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