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1. Introduction 
New WI on “Further NR mobility enhancements” was approved in [1]. The RAN2 related objectives are as follow:
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]
· 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

2. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.

3. To specify CHO including target MCG and target SCG [RAN3, RAN2]. 
Note 5: This is already being targeted for Rel-17, so this objective will be reviewed at RAN#95-e.

4. To specify CHO including target MCG and candidate SCGs for CPC/CPA  [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline

[bookmark: _Hlk115353140]In this contribution, we are focusing on some necessary enhancements to support dynamic switch, and discussing some common issues according to the agenda guidance “not addressed by the RRC subclause above”.
 
2. Discussion 
One of the WI objectives is to specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction, which mainly includes two cases, i.e. fast application of configurations for candidate cells, and dynamic switch mechanism among candidate serving cells. In our view, the “fast application of configurations for candidate cells” refers to the first cell change after the RRC configuration of candidate cells are provided to UE by network, and the “dynamic switch” means the subsequent cell change following L1/L2 mobility mechanism after the first one.
According to the initial discussion on latency model in [2], the L1/L2 based mobility includes three steps, i.e., UE configuration, DL synchronization and UL synchronization as illustrated in Figure 1. 
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Figure 1. Components of mobility latency for L1/L2-based inter-cell mobility before enhancement 
For dynamic switch, the first thing that needs to be confirmed is that UE doesn’t release the configuration of candidate cells after one execution instant of L1/L2 mobility, in order to support the subsequent cell change as dynamic switch. In this way, it can allow L1/L2 mobility to be executed within the same group of candidate cells for multiple times, and without reconfiguration.
Proposal 1: To support dynamic switch between candidate cells, UE doesn’t release the configuration of candidate cells after one execution instant of L1/L2 mobility.

Regarding the basic design of L1/L2 based mobility, there are still several issues to address, e.g., the format of Cell switch command, L2 reset delay and how to reduce the latency of DL/UL synchronization. Since it’s also related to dynamic switch, and not covered by the “RRC” sub-agenda, we would like to discuss them also in this paper.
Issue 1: the format of Cell switch command.
Whether the Cell switch command is DCI or MAC CE was not discussed in RAN2#119, and it should be resolved as early as possible to facilitate the following design. According to the initial discussion, especially on the impact on continued L2, we think MAC CE is more flexible if one decides to include other information such as MAC reset or PDCP recovery than DCI. MAC CE is also more reliable than DCI which reduce false alarm of cell switching. In addition, it would be more desirable to rely on L2 based measurement reporting/triggering mechanism to avoid ping-pong effect due to the fact that L1 measurement indicates fast-fading channel than slow-fading channel situation [3]. Hence the Cell switch command should be in the format of MAC CE.
Proposal 2: define new MAC CE for the Cell switch command.

Issue 2: L2 reset delay.
Below figure 2 shows the protocol stack of an intra-DU mobility. In intra-DU mobility, the current serving cell and the candidate target cells share the same CU and DU, i.e., the same SDAP, PDCP, RLC, and MAC protocol stacks are shared. Therefore, there is no need for PDCP, RLC to reestablished. As for MAC and PHY layer, the UE needs to access a new cell with new PCI and C-RNTI as well as reset some related procedures/ counters and timers such as RACH, HARQ and physical layer measurements (e.g., beam failure detection, and PHR (Power Headroom Reporting))). The partial MAC functions, e.g., the logical channel Bj value, and triggered BSR, can be maintained.

	
	

Figure 2: Intra-DU mobility
	



In the case where unified TCI state is assumed for intra-DU case, the L2 reset delay can be further reduced. The UE can receive PDSCH from a TRP associated with an additional PCI (different from current serving cell’s PCI), i.e., a unified TCI state associated to the target cell is activated for UE. When the UE handovers to this target cell, TCI state change without change of serving cell is already supported in Rel-17. Considering the NDIs of uplink HARQ processes and the DL HARQ buffers can be maintained. As a result, MAC reset may not be needed.
In intra-CU inter-DU case, the protocol stack is illustrated in Figure 3. In this case, the current serving cell and the candidate cells share the same CU, i.e., SDAP and PDCP protocol stacks are shared. Since PDCP is shared, if there is no change of the AS security algorithms associated to the master key, there is no need to update the master key (i.e., the NCC value is not changed). Then PDCP re-establishment is also not needed which would reduce interruption time. Since the source cell and the target cell are located in different DU, RLC layer should be re-established, and the MAC layer should be reset. Due to RLC re-establishment, the PDCP layer also needs to perform PDCP data recovery for AM bearers. 


Figure 3: Intra-CU inter-DU mobility
Even in dynamic switch case, the latency of L2 reset due to different cell change cases remain the same and unavoidable for inter-DU case. It seems that there are no specific enhancements for dynamic switch from L2 reset perspective.
Observation 1: It seems that there are no specific enhancements for dynamic switch from L2 reset perspective.

Issue 3: how to get DL/UL synchronization ready for candidate cells.
In terms of DL and UL synchronization, we can assume no latency is introduced for at least DL synchronization if the UE has performed measurements on target cell recently or before the reception of cell switch command. 
However, as for UL synchronization, several options have been proposed by companies:
· Option 1: ICBM is enabled for UE 
As the continuation of R17 FeMIMO, we can assume R17 UE is configured with a unified TCI state associated to target cell. In this case, the serving cell TA can be reused as target cell TA. In case of needing TA adjustment, the TA Command MAC CE should be sufficient. It means RACH procedure can be skipped when the cell change is triggered (no matter it’s the first cell change, or subsequent cell change as dynamic switch). 
· Option 2: early RACH
RACH towards candidate cells can be performed earlier than the execution of cell change, for the sake of acquiring uplink TA. However, early RACH may require RAN4 work to evaluate how long a UE can maintain the early TA and how frequently a UE needs to re-acquire early TA. 
· Option 3: RACH-less
As for RACH-less, UE can send cell change success indication to target cell directly using existing TA values, and without PRACH preamble and RAR. But there are limited cases for reusing TA, e.g., very small target cell or the target cell is already a serving cell. In other cases, UE has to estimate TA value itself. RAN1/4 needs to check the feasibility of autonomous TA estimation at UE side in terms of accuracy. 
[bookmark: _Hlk115352789]Since for L1/L2 based mobility objective, Timing Advance management is listed as a RAN1-leading work, RAN2 can send an LS to RAN1/4 to trigger the discussion on the feasibility of early RACH solution and RACH-less solution.
Proposal 3: RAN2 to confirm that if a unified TCI state associated to a candidate cell has been activated for UE, no RACH towards this cell is needed during cell change as the UL TA can be reused.
Proposal 4:  RAN2 sends an LS to RAN1/4 to trigger the discussion on the feasibility of early RACH solution and RACH-less solution.

3. Conclusion
[bookmark: _Hlk47081425]In this paper, we discuss the necessary enhancements to support dynamic switch, and some common issues related to MAC aspect. One observation is made:
Observation 1: It seems that there are no specific enhancements for dynamic switch from L2 reset perspective.
And we propose:
Proposal 1: To support dynamic switch between candidate cells, UE doesn’t release the configuration of candidate cells after one execution instant of L1/L2 mobility.
Proposal 2: define new MAC CE for the Cell switch command.
Proposal 3: RAN2 to confirm that if a unified TCI state associated to a candidate cell has been activated for UE, no RACH towards this cell is needed during cell change as the UL TA can be reused.
Proposal 4:  RAN2 sends an LS to RAN1/4 to trigger the discussion on the feasibility of early RACH solution and RACH-less solution.
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