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[bookmark: _Ref513464071]Introduction
RAN approved a WI on further mobility enhancements for NR [1]. The WI includes the following objective:
	· 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


The WI also includes corresponding justification point:
	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.



This contribution discusses RAN1 enhancements for the support of this functionality.
L1 measurement and reporting
RAN2 initiated discussions on this WI and sent LS to report on agreements made at RAN2#119-e [2]. Some agreements of specific relevance to L1 measurement and reporting include the following:
	ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)


The CSI reporting framework of R17 should be considered as the starting point for potential enhancements in support of triggering L1/2 mobility. In particular, the following functionality already provides basic support from specification perspective:
· Measurement of SSB’s from additional PCI and L1-RSRP/L1-SINR measurement enable comparison between serving cell and neighbor cell. 
· A-CSI, SP-CSI reporting and activation/deactivation of CSI-RS resource sets enable control of overhead from measurement and reporting resources without RRC reconfiguration. This is useful to avoid that the UE needs to constantly provide L1 reports for all possible beams within the L1/2 mobility area.


Support for the first feature in R17 is indicated by unifiedJointTCI-mTRP-InterCell-BM-r17. A UE supporting L1/2 mobility in R18 would require similar functionality to perform L1 measurement on a neighbor cell irrespective of support for ICBM feature, considering RAN2 decision that it is not prerequisite for L1/2 mobility.
Proposal 1: UE indicating support for R18 L1/2 mobility can perform CSI measurements on SSB’s with additional PCI. 
When considering application of this framework to L1/2 mobility one can identify potential need for some enhancements.
Filtering
In existing L3-based mobility, reconfiguration typically occurs following transmission of a triggered measurement report. The report is triggered when measurement results meet a specified condition. Too early or too late transmission of the report may result in ping-pong or radio link failure, respectively. To prevent this, UE provides measurements filtered in time and beam domains using parameters configured by the network. For L1 measurements such as L1-RSRP, the network can configure a time restriction parameter (timeRestrictionForChannelMeasurements) to ensure that the UE measures only the most recent occasion but cannot control how the UE filters measurement otherwise. It would be possible for the network to perform averaging based on frequent UE reports, but this is costly from overhead perspective. Therefore, one potential enhancement is to support configuration of filtering parameters for L1 measurements.
Proposal 2: Consider support for configuration of filtering parameters for L1 measurements.
Triggering
For L1 measurements to trigger L1/2 mobility, the relevant L1 reports obviously need to be available in advance of the mobility event. On the other hand, configuring regular L1 reports relevant to all possible mobility events within an area in which the network operates L1/2 mobility would be prohibitive from overhead perspective. Therefore, the network needs to receive information to decide which resources are to be measured on for L1 reporting given the UE situation. The information should be provided by L1 or L2 to minimize latency. The network can then trigger the L1 reports using A-CSI or SP-CSI to obtain L1 reports for potential mobility event.
Two enhancement options can be considered to achieve this:
1. UE is configured with L3 measurements (including event reporting) but reports an indication at L1/2 instead of a L3 measurement report when the event triggers. The filtering parameters could be set differently compared to regular L3 measurements to ensure that the event triggers sufficiently in advance.
2. UE is configured with new type of CSI (report) configuration that includes event(s). The UE does not report the CSI but reports an indication at L1/2 when an event triggers.
For either option, the L1/2 indication could consist of a MAC CE including L3 measurement results or CSI for Option 1 and 2 respectively, or a scheduling request resource associated to the event. In the latter case, to ensure reliability, the UE could repeat the SR transmission until the network triggers A-CSI or SP-CSI for a linked CSI report configuration. Option 2 may have larger specification impact at L1 but would have benefit of supporting additional techniques contemplated for network energy savings, such as antenna port adaptation.
[bookmark: _Hlk115354364]Proposal 3: Support indication by SR or MAC CE that a measurement event has triggered. FFS if measurement is L1-based or L3-based.
Change of CSI measurement configuration and TCI states
In L3-based mobility, the UE can be expected to receive a new CSI measurement configuration at least when switching to a new SpCell. Such CSI measurement configuration would typically include resource and reporting configurations for beam management and scheduling and is dependent on the set of TCI states configured as part of PDSCH-Config for each BWP.
In L1/2 mobility, since the UE does not receive RRC signaling when switching to a new cell, the UE needs to have received information for CSI measurement configurations of both source and target cells and by extension, possibly all cells that are part of an area subject to L1/2 mobility. After L1/2 mobility, the set of TCI states is expected to change and as a result the QCL information of the CSI measurement configuration also needs to change (in e.g. CSI-AssociatedReportConfigInfo). This can result in quite large amount of CSI configuration information to store even for a L1/2 mobility area that would include several cells.
One possible way to mitigate this problem is to support a concept of “flexible” TCI state that allows the source RS of a given TCI state to be switched dynamically upon mobility event. To realize this, each flexible TCI state can include configuration of multiple source RS (SSB’s), each corresponding to a cell within the L1/2 mobility area. Upon switching to a new serving cell, the TCI state automatically refers to the source RS corresponding to that cell. Another possibility could be to introduce a concept of grouping for TCI states where each group is associated to a cell within the L1/2 mobility area.
Proposal 4: Support dynamic change of source RS (QCL-info) for a TCI state upon switching to new serving cell by L1/2 mobility. 
Beam failure recovery enhancements
For R18 L1/2 mobility, the UE can perform change of serving cell dynamically, e.g. using MAC CE. This means that the network is prepared to allocate resources for that UE without RRC reconfiguration from any serving cell within the L1/2 mobility area. In case of beam failure detection, this opens possibility of recovering beam for PDCCH from a non-serving cell to avoid radio link failure when no beam from the serving cell can be properly received, or to select a better beam. This enhancement would significantly increase robustness of the connection. 
Proposal 5: Support beam failure recovery on resources of non-serving cell.
Conclusion
This contribution proposed the following L1 measurement enhancements for the support of L1/2 mobility:
Proposal 1: UE indicating support for R18 L1/2 mobility can perform CSI measurements on SSB’s with additional PCI. 
Proposal 2: Consider support for configuration of filtering parameters for L1 measurements.
Proposal 3: Support indication by SR or MAC CE that a measurement event has triggered. FFS if measurement is L1-based or L3-based.
Proposal 4: Support dynamic change of source RS (QCL-info) for a TCI state upon switching to new serving cell by L1/2 mobility. 
Proposal 5: Support beam failure recovery on resources of non-serving cell.
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