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Introduction
In RAN#94 meeting, a new Work Item was agreed to support L1 enhancements for inter-cell beam management, the objective is listed below.  
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
…
· 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]
…



This contribution provides initial considerations on L1 enhancements for inter-cell beam management.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Scenarios
First of all, it needs to clarify the scenarios of Rel-18 mobility, and then give the potential enhancements scope for L1 ICBM of this WID. 
From the frequency point of view, both of intra-frequency and inter-frequency scenarios need to be considered. Then L1 ICBM need to be enhanced to support inter-frequency inter-cell beam management.
Proposal 1. L1 ICBM need to be enhanced to support inter-frequency inter-cell beam management.
Another issue is synchronization and non-synchronization are both possible, so non-synchronization should be enhanced for L1 ICBM.
Proposal 2. L1 ICBM need to be enhanced to support non-synchronization inter-cell beam management.
According to the RAN2 conclusion, both of intra-DU and inter-DU scenario are supportive. 
	Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  


 
Thus, when under inter-DU scenario, there may be some new L1 ICBM requirements, we can postpone this part until RAN2 have more progress on the frame work of inter-DU and intra-DU inter-cell mobility.
L1 measurement
RAN2 had an assumption that L1 measurement is used to trigger L1/L2 mobility, although L3 measurement may still be applied during preparation phrase.
	Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)



The following figure gives an example for the main procedures of L1/L2 mobility. Before L1 ICBM, UE should have some information of multiple candidate cells. It can allow dynamic switching among the candidate cells during L1 beam measurement, to provide the measure reporting of candidate cells, which may include serving cells. 



Figure 1: main procedures of L1/L2 mobility
Based on the candidate cells, source cell can indicate UE to measure beams from another cell, which can be dynamic switched according to the structure of Rel-17 ICBM. So, gNB sends candidate cells configuration information to UE together with beam measurement configuration during the candidate cell preparation stage. And then UE can perform L1 inter-cell beam management after the first stage. During the Pre-handover stage, the main function is UE and source cell to do L1 beam indication, L1 measurement and L1 reporting. Source cell can do handover decisions based on these L1 reporting instead of L3 reporting in the previous release to reduce the mobility latency. Hence, the L1 ICBM enhancements should target for the second stage which is called Pre-handover in the Figure 1. 
Proposal 3. L1 beam measurement configurations can be pre-configured for UE on the basis of the candidate cells information.
Rel-17 unified TCI framework for inter-cell beam management is a good starting point. RRC configures a set of TCI states, MAC CE activates a subset (e.g., up to 8) of TCI states, and DCI indicates the TCI state to use. 
Proposal 4. For L1 beam indication, measurement and reporting, Rel-17 ICBM can be used as a starting point. 
However, Rel-17 ICBM was supported with some limitations, including: 
· Serving cell remains the same
· The existing L1 measurements only support synchronized cells and intra-frequency measurements
· It only support same SCS.
· The inter cell measurement only support the CSI-SSB-Resource set, and one CSI-SSB-Resource is associated with a neighbour cell to the serving cell
Therefore, it needs additional enhancements for L1 inter-cell beam measurement according to the above limitations, such as:
· Support inter-frequency measurements, including different SCS
· Support non-synchronized intra-frequency measurements
· Further consider CSI-RS based measurements.
Proposal 5. Additional enhancements of L1 inter-cell beam measurement contain:
· Support inter-frequency measurements, including different SCS
· Support non-synchronized intra-frequency measurements
· Further consider CSI-RS based measurements.
For inter-frequency measurement, the frequency information may be needed, so it can be configurable in addition to PCI which is different from the serving cell. The frequency information can be different from the serving cell, too. Similarly, the SCS may be different. 
L1 reporting
L3 reporting can be NW triggered and event initiated. Relatively, L1 reporting can also considering those two types, besides the period/semi-persistent/aperiodic reporting, event initiated L1 reporting can also in the study. 
There are some benefit of event initiated L1 reporting, including:
· NW can set proper trigger condition, so that the reported measurement results is rather stable to avoid frequent handover and Ping-Pong effect.
· Event-triggered reports can reduce the reporting overhead, which is good for UE energy consumption.
But event initiated L1 reporting requires more specification change on the basis of the CSI reporting framework. Such as how to feedback L1 reporting which gNB does not known in advance. BFR mechanism can considered for this UE initiated reporting.. But it is a new function comparing with CSI reporting, which also need more efforts. So we prefer to keep it in the scope and further study the pros and cons to decide whether or not to support.
Proposal 6. NW triggered and event initiated L1 reporting can both be further studied.
Conclusion
In this contribution, we made the following proposals.
Proposal 1. L1 ICBM need to be enhanced to support inter-frequency inter-cell beam management.
Proposal 2. L1 ICBM need to be enhanced to support non-synchronization inter-cell beam management.
Proposal 3. L1 beam measurement configurations can be pre-configured for UE on the basis of the candidate cells information.
Proposal 4. For L1 beam indication, measurement and reporting, Rel-17 ICBM can be used as a starting point. 
Proposal 5. Additional enhancements of L1 inter-cell beam measurement contain:
· Support inter-frequency measurements, including different SCS
· Support non-synchronized intra-frequency measurements
· Further consider CSI-RS based measurements.
Proposal 6. [bookmark: _GoBack]NW triggered and event initiated L1 reporting can both be further studied.
References
RP-222332 Revised WID on Further NR mobility enhancements
R1-2208331 LS on L1/L2-based inter-cell mobility	RAN2, MediaTek
image1.emf
UE Source cell target cell

L1 measurement 

RRC pre-configuration

L1 ICBM in Pre-

handover

HO execution

HO decision based on L1 report

L1/L2 mobility command

HO complete

UL syncronization

L1 beam indication


Microsoft_Visio_2003-2010___.vsd
UE


Source cell


target cell


L1 measurement 


RRC pre-configuration


L1 ICBM in Pre-handover


HO execution


HO decision based on L1 report


L1/L2 mobility command


HO complete


UL syncronization


L1 beam indication



