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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
2.1	L3 handover latency analysis
The starting point for the latency analysis is the L3 handover for a UE in RRC_CONNECTED. According to Figure 1 (i.e., from TS 38.300), this procedure is mainly divided in three main actions: Handover preparation, Handover execution, and Handover completion.


Figure 1: L3 handover procedure
If this procedure is seen first, from the perspective of the UE, and then from a L1/L2 mobility point of view, the following procedure may be split in three high level latency-related phases.
The first phase is the UE reconfiguration (see Figure 2), that basically happens when the UE receives the handover command from the network that includes a configuration to be used when switching to the candidate target cell. 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 THO_message_processing) 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). 
According to the RRC processing requirements in TS 38.331 and the UE requirements in TS 38.133, this first phase should take up to 36 ms, depending on the contents of the RRC message and the degree of change in the L1 parameters.
[image: ]
Figure 2: Main latency components for L3 handover procedure
The second phases that has an impact on the overall latency of the L3 handover procedure is the phase of the synchronization. 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.
The uplink synchronization, instead, 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.
From a latency perspective, there is not really requirement for this phase as the time needed to complete the downlink and uplink synchronization depends by many factors. However, one can assume that this second phase it would roughly take 50-100ms.
It is also worth noticing, that, from the time in which the UE has processed the RRCReconfiguration message received by the network, from the time in which the UE sends the first random access preamble to the candidate target cell, there is an interruption in the connectivity. This interruption is in the order of roughly 120ms.
Therefore, from a latency perspective the whole L3 handover procedure it would take roughly 140ms to be execute with a connectivity interruption of about 120ms.
[bookmark: _Toc110972674]The current L3 handover procedure has an overall latency of roughly 140ms with a connectivity interruption (on the UE) or roughly 120ms.
2.1	Improvement for L1/L2 mobility

If the L3 handover procedure is considered from the perspective of L1/L2 mobility, one can assume that there are three phases that have an impact on the latency. In fact, in addition to the UE reconfiguration and synchronization phases that are common to the L3 handover procedure, we have also a third phase that is the one where the UE uses the “new” configuration when switching from a serving cell to a candidate target cell. This phase is called lower layer switch (see Figure 3).
Please note that in the following it is considered that a UE “apply” a received configuration for a candidate cell in the moment it received the RRC message that contains it. After the UE has applied the received configuration for a candidate cell, then the UE uses (or switch) this configuration when switching from the serving cell to a target candidate cell.
[image: ]
Figure 3: Main latency components for L1/L2 mobility
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: _Toc110972675]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.
A further aspect that needs to be considered for L1/L2 inter-cell mobility is how the UE handle the synchronization (for the UL and DL direction), once that configuration(s) for candidate target cells for L1/L2 based inter-cell mobility have been received. In this case, the best scenario for latency reduction is that the UE has the capability to keep the synchronization with the candidate target cells for L1/L2 based inter-cell mobility. This not only will guarantee a faster L1/L2 inter-cell mobility procedure but will also bring a huge benefit on the UE that is that one of performing a RACH-less cell switch. In fact, if the sync is kept by the UE with the candidate target cells for L1/L2 based inter-cell mobility, there would be no need to perform the RACH procedure and the UE may simply send UL data or a scheduling request to the indicated target cell.
[bookmark: _Toc110972676]If the UE has the capability to keep the DL/UL sync with the candidate target cells for L1/L2 based inter-cell mobility the latency of the L1/L2 inter-cell mobility can be improved.
The third and last component that has an impact on the latency for L1/L2 inter-cell mobility is the time that a UE takes to switch from the serving cell to the indicated target cell. In this case, “switch from the serving cell to the indicated target cell” basically means that the UE needs to switch from one configuration to another. This is a purely internal UE process, but it would be beneficial to get an understanding on how long it would take for a UE to switch from one configuration to another. In order to do so, RAN2 should first get an understanding of this processing delay requirement for UE.
[bookmark: _Toc110972677]Upon receiving the lower layer command from the network, the switching of the UE from one configuration (related to the serving cell) to a new one (related to the indicated target cell) has an impact on the overall latency of the L1/L2 inter-cell mobility procedure.
In conclusion, the main components on which RAN2 should work on for reducing the latency of the L1/L2 inter-cell mobility procedure are basically the UE processing of the configuration(s) for the candidate target cells for L1/L2 based inter-cell mobility, the UL/DL synchronization of the UE towards the configured candidate target cell for L1/L2 inter-cell mobility and the switching from the serving cell configuration to the indicated target cell configuration. According to this, the following proposals are formulated:
[bookmark: _Toc110972683]RAN2 to agree on the following aspects that have an impact on the latency of the L1/L2 inter-cell mobility procedure:
a. [bookmark: _Toc110972684]The UE processing of the configuration(s) for the candidate target cells for L1/L2 based inter-cell mobility.
b. [bookmark: _Toc110972685]The UE synchronization (UL/DL) towards the configured candidate target cells for L1/L2 inter-cell mobility.
c. [bookmark: _Toc110972686]The time needed for the UE to switch from the serving cell configuration to the indicated target cell configuration.
Once the aspects that have an impact on the latency for the L1/L2 inter-cell mobility are clear, it would be beneficial for RAN2 to already agree on some basic principles in order to reduce the latency. Along these lines, the following proposals are formulated:
[bookmark: _Toc110972687]The UE shall process and apply the configuration(s) for the candidate target cells for L1/L2 based inter-cell mobility right away when these are received from the network.
[bookmark: _Toc110972688]RAN2 shall send an LS to RAN1 asking to strive for a solution in which the UE is able to maintain the DL/UL synchronization with the configured candidate target cells for L1/L2 mobility.
[bookmark: _Toc110972689]RAN2 to study whether a UE processing requirement is needed for the switching between the serving cell configuration to the new indicated target cell configuration.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The current L3 handover procedure has an overall latency of roughly 140ms with a connectivity interruption (on the UE) or roughly 120ms.
Observation 2	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 3	If the UE has the capability to keep the DL/UL sync with the candidate target cells for L1/L2 based inter-cell mobility the latency of the L1/L2 inter-cell mobility can be improved.
Observation 4	Upon receiving the lower layer command from the network, the switching of the UE from one configuration (related to the serving cell) to a new one (related to the indicated target cell) has an impact on the overall latency of the L1/L2 inter-cell mobility procedure.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree on the following aspects that have an impact on the latency of the L1/L2 inter-cell mobility procedure:
a.	The UE processing of the configuration(s) for the candidate target cells for L1/L2 based inter-cell mobility.
b.	The UE synchronization (UL/DL) towards the configured candidate target cells for L1/L2 inter-cell mobility.
c.	The time needed for the UE to switch from the serving cell configuration to the indicated target cell configuration.
Proposal 2	The UE shall process and apply the configuration(s) for the candidate target cells for L1/L2 based inter-cell mobility right away when these are received from the network.
Proposal 3	RAN2 shall send an LS to RAN1 asking to strive for a solution in which the UE is able to maintain the DL/UL synchronization with the configured candidate target cells for L1/L2 mobility.
Proposal 4	RAN2 to study whether a UE processing requirement is needed for the switching between the serving cell configuration to the new indicated target cell configuration.

[bookmark: _In-sequence_SDU_delivery]4	References
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