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1	Introduction
The objective 1 in WID [1] for Further NR Mobility Enhancements is formulated as follows:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· [bookmark: _Hlk107552380]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
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized




According to the objectives that need to be addressed, a fundamental aspect is to specify a solution that allows a fast switching between candidate cells. However, in order to achieve this goal, the different components that impact the overall latency need to be studied. In this contribution, we provide an analysis of the latency for what concern L1/L2 mobility, and we provide a discussion on what components may be improved.
[bookmark: _Ref178064866]2	Discussion
In the last RAN2 meeting, the following components and times that impact the connectivity interruption of a UE when switching to a new cell have been agreed:
[image: Timeline
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Figure 1. Components of mobility latency for L1/L2 inter-cell mobility
According to what has been agreed, we can distinguish two main phases where improvements are needed if we want to have a solution when the handover of a UE to a new target cell is as short as possible.
The first phase is the UE reconfiguration, that basically include a first step that is when the UE receives a message from the network that includes a target cell configuration for L1/L2 inter-cell mobility and a second step that is when the UE needs to actually use this configuration after receiving the lower layer switching command from the network. Within this phase, two main components impact the latency; the first component is when the UE receives the RRCReconfiguration message from the network and need to process it (i.e., the TProcessing,1) and the second component is when the UE needs to actually apply all the configurations received after correctly validate the RRCReconfiguration message (i.e., the Tprocessing,2). 
Here one of the improvements that can be done is that one needs to make sure that the UE already perform the validation and the ASN.1 decoding of the RRCReconfiguration message right away when this message is received. When considering L1/L2 mobility, the main understanding is that the preparation phase is executed at the UE upfront, meaning that the UE receives a message from the network in order to configure candidate target cells for L1/L2 based inter-cell mobility. In this case, in order to reduce the latency of the procedure it is important for the UE to process and apply the configuration(s) in the message received from the network right away. If this is the case, basically the whole preparation phase will not count towards the latency (and thus the interruption time) of the L1/L2 inter-cell mobility procedure.
[bookmark: _Toc115269104]In order to improve the latency in L1/L2 inter-cell mobility, it would be beneficial for the UE to process and apply the configuration(s) for candidate target cells for L1/L2 based inter-cell mobility right away when this as received.
Therefore, we have the following proposal:
[bookmark: _Toc115269156]The UE shall perform at least the compliance check and ASN.1 decoding of the candidate target configurations for L1/L2 inter-cell mobility when these are received from the network.
For what concerns the second phase (phase of the synchronization), instead, the understanding is that this is the phase that has the most impact on the overall latency. This is typically the phase when the UE needs to synchronize the DL direction first and later on also the UL direction.
The downlink synchronization is typically the process in which UE detect the radio frame boundary (i.e, the exact timing when a radio frame starts) and OFDM symbol boundary (i.e, the exact timing when an OFDM symbol starts). This process is done by detecting and analyzing SSBs.
Here, something that is worth to clarify is that nowadays, a UE already has to synchronize towards a cell that is not serving cell when needs to decode the SSB of that cell. This process is done “in parallel” while connected to a serving cell. Nevertheless, the current UE behaviour is that the UE needs to “forget” this synchronization once that the SSB has been decoded and re-synchronize again once in the next SSB occasion.
[bookmark: _Toc115269105]According to current legacy behaviour, a UE needs to acquire the DL synchronization when decoding an SSB of a non-serving cell, but this synchronization is not maintained once the SSB has been decoded.
According to this, a straightforward and simple solution would be to request to the UE to maintain the synchronization at least when performing L1 measurements over the candidate cells configured for L1/L2 inter-cell mobility (since also there the UE needs to first to decode an SSB) and while connected to a serving cell. Of course, one it may say that this is more something that RAN1 should confirm and thus, if RAN2 is able to agree on this understanding, an LS can be sent to RAN1 and RAN4 to ask them on whether this is correct.
[bookmark: _Toc115269157]RAN2 to assume that a UE is be able to maintain the DL synchronization with a candidate cell configured for L1/L2 inter-cell mobility while connected to a serving cell.
[bookmark: _Toc115269158]RAN2 to send an LS to RAN1 and RAN4 to ask whether the assumption of Proposal 2 is correct.
Another phase related to synchronization is the uplink synchronization. Differently from the DL synchronization, this phase is the process in which UE figure out the timing when it should send the random access preamble or uplink data (i.e, PUSCH / PUCCH).  In order to do so, the UE uses the random access procedure to eventually to adjust the uplink timing so to reduce the timer offset between the downlink and uplink frame.
According to the discussions and contributions submitted in the last RAN2 meeting, a good number of companies believe that, at least for the intra-DU case, a RACH-less solution is possible for the UE when executing the L1/L2 inter-cell mobility. We also agree with this understanding and supporting a RACH-less solution, whenever possible, should be the enhancement to reduce the connectivity interruption for the L1/L2 inter-cell mobility.
[bookmark: _Toc115269159]RAN2 to assume that it is possible to support a RACH-less solution for the execution of L1/L2 inter-cell mobility.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In order to improve the latency in L1/L2 inter-cell mobility, it would be beneficial for the UE to process and apply the configuration(s) for candidate target cells for L1/L2 based inter-cell mobility right away when this as received.
Observation 2	According to current legacy behaviour, a UE needs to acquire the DL synchronization when decoding an SSB of a non-serving cell, but this synchronization is not maintained once the SSB has been decoded.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE shall perform at least the validity check and ASN.1 decoding of the candidate target configurations for L1/L2 inter-cell mobility when these are received from the network.
Proposal 2	RAN2 to assume that a UE is be able to maintain the DL synchronization with a candidate cell configured for L1/L2 inter-cell mobility while connected to a serving cell.
Proposal 3	RAN2 to send an LS to RAN1 to ask whether the assumption of Proposal 2 is correct.
Proposal 4	RAN2 to assume that is possible to support a RACH-less solution for the execution of L1/L2 inter-cell mobility.

[bookmark: _In-sequence_SDU_delivery]4	References
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