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1. Introduction
In RAN2#119 emeeting, the following agreements for L1/L2-based inter-cell mobility are achieved from the initial discussion:
· Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
· Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
· Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
· R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
· RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
· Measurement delay can/may be considered in this work
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
· R2 will initially focus on PCell mobility. 
· R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
	a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
· DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
· Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
In addition to the achieved agreements, a post-meeting email discussion was held for establishing the latency model of the L1/L2 based inter-cell mobility in order to identify the characteristic to enhance. 
This contribution is to share our views on above agreements and the obtained latency model, and identify the target of the enhancement based on them. 
2. [bookmark: _Toc12718547]Discussion
2.0 Scenarios
First of all, it needs to be clarified the available scenarios the L1/L2 mobility procedure can be applied to, according to the note 3 in the scope of WID, both inter-DU and intra-DU mobility and both inter-frequency and intra-frequency are supported for L1/L2 mobility. And in the RAN2#119e meeting, it has been confirmed that the inter-DU and intra-DU case would be taken into account in R18:
=>Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).
But the inter-frequency/intra-frequency case is still not confiremd. From NW deployment point of view, both inter-frequency and inter-frequency are popular mobility scenario. So in our understanding, all works of intra-Freq/inter-Freq shall be treated with an equal priority.
Proposal 1: The following scenarios need to be considered in L1/L2 mobility
· Intra-DU intra-frequency mobility
· Intra-DU Inter-frequency mobility
· Inter-DU intra-frequency mobility
· Inter-DU inter-frequency mobility
In addition, regarding intra-DU L1/L2 mobility, RAN2#119 emeeting obtain the following agreements:
· R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
	a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
In our understanding, the second and third bullet is the role change between PCell and SCell within one DU. This scenario is also useful in the real deployment where the neighbor cell would be configured as a SCell for UE by NW to guarantee the continuous data transmission if UE reach the the edge of the current PCell. 
Proposal 2: RAN2 consider the following scenarios for intra-DU L1/L2 mobility:
· the target PCell is a current SCell
· the target SCell is the current PCell. 
Regarding the DC case, it has been discussed in the previous meeting , and marked with FFS. In our understanding , company reach the consensus that the PSCell change with L1/L2 mobility is a hanging fruit, we do not seen any reason to reject the DC case of L1/L2 based inter-cell mobility. So we propose：
Proposal 3: Support DC case for L1/L2 signaling based inter-cell mobility.
2.1 Target for optimization 
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Fig.2-1 Components for L1/L2 based Mobility delay [1] 
In the post-meeting discussion, above latency model is endorsed for further discussion. In order to generalize more precise delay analysis, there is one FFS is left:
· FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam.
In our understanding, whether need to count the delay caused by TRS tracking after HO and CSI-RS measurement in the above delay model is dependent on what kind of measurement is used for triggering HO. For example, if CSI-RS measurement can be used for triggering the HO, the delay caused by TRS and CSI-RS measurement can be saved from RAN2 perspective, otherwise, the delay caused by TRS tracking and CSI-RS measurement shall be counted as one component in the model. Therefore, the TRS tracking after HO and CSI-RS measurement is an optional component for delay model.
Proposal 4: The delay caused by TRS tracking and CSI-RS measurement (e.g. fine-beam) is an optional component for the latency model. That is, the component would be absent in the delay model if the CSI measurement is used for triggering HO, otherwise, such component shall be present in the delay model.
According to the endorsed latency model, we understand there are two aspects for L1/L2 mobility quality evaluation:
One is the time for the whole time consumption for L1/L2 based mobility, that is from the point of target’s appearance to the end of UL synchronization, it can impact on the robustness of L1/L2 based mobility, if UE spend too much time in this period, the mobility failure probability would be increased dramatically. Within this part, the measurement components is playing a major role if L3 measurement is reused. According to our expirence, in the legacy mobility, the L3 measurement may spend several hundreds milisecond in average for triggering the handover as if the UE have been out of the coverage of the PCell. 
The other one is UP data interruption time which has been marked in the fig.1, in this part, the synchronization (e.g. the DL sychronization and UL synchronization) play an important role within all the components of interruption delay.
Observation 1:  There are two aspects which can be improved according to the endorsed latency model:
· The whole L1/L2 mobility time consumption, in which, the measurement for triggering HO take a major role.
· The UP data interruption time, in which, the synchronization between UE and NW play a major role.

2.2 Optimization on Measurement for L1/L2 mobility
In RAN2#119 e meeting, the following agreement have been reached:
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
For inter-cell layer 1 measurement/report, we have an existing example that is inter cell beam management in rel-17. In ICBM, the inter cell measurement only support the CSI-SSB-Resource set, in which, one CSI-SSB-Resource is associated with a neighbor cell to the serving cell. In L1/L2 mobility, the CSI-RS can provide the finer beam measurement result than SSB measurement, that is beneficial for UE to get the finer beam when getting into the target cell, UE can obtain the high throughput as soon as the termination of HO and also the TRS and CSI-RS measurement after synchronization can be saved. In addition, as we proposed in proposal 3, the CSI-RS measurement for triggering HO can provide the extra gain to save the delay caused by TRS and CSI-Measurement for fine-beam, So we propose:
Proposal 5: For the L1 measurement to trigger the HO, both SSB and CSI-RS based inter-cell L1 measurement/report can be supported, and send an LS to RAN1 for their further work. 
In the inter-cell-inter-frequency measurement, in some case, the measurement gap shall be configured to UE for switching the RF chain to perform the measurement on the frequency other than the camped frequency, for example, the UE does not support the capability of the inter-frequency measurement without gap or there is no activated BWP which is including the frequency point to be measured. Moreover, if measurement gap is needed, RAN4 need to be involved to study whether the existing measurement gap can be reused for L1/L2 mobility.
Proposal 6: For the inter-frequency inter-cell measurement, measurement gap is optional required based on the UE capability and the frequency of target cell. One LS can be sent to RAN4 to check whether the existing measurement gap can be reused in inter-frequency inter-cell measurement for L1/L2 mobility.
In addition, as we mentioned before, even though the L1 measurement can provide more prompt reaction to the wireless environment variation, it will result the ping-pong handover as a price to pay. The ping-pang handover may cause the severe UP data interruption for the inter-DU HO since the inter-DU handover is mandatory of requiring the UP re-establishment (e.g. RLC entity re-establishment, PDCP recovery, F1 path switch..)
Observation 2: Considering the RLC reestablishment, PDCP recovery, F1-UP path switching and corresponding data retransmission over F1-U and UU interface, Pingpong issue has to be avoided in the inter-DU mobility.
For mitigation of the ping-pong handover for inter-DU mobility, the L1 measurement for triggering HO command shall be enhanced in order to be more robustness to the sharp change of channel state.
Proposal 7: The L1 measurement mechanism shall be enhanced for mitigation of ping-pong handover, especially in inter-DU mobility.

2.3 Optimization on user plane for L1/L2 mobility
As described in observation 1, the UP interruption is mainly caused by the synchornization including both UL and DL synchronization.
For DL synchronization, assuming L1 measurement can be used for triggering the HO command, one direct way is to reuse the L1 measurement to implement DL synchronization. But it is not clear how long would be between the last received RS for L1 measurement and HO command reception, if the gap between last received RS for L1 measurement and HO command reception is considerable, the DL synchornization cannot be done. So we can send a LS to ask RAN1 how to reduce the delay casued by the DL synchronization.
Proposal 8: Send a LS to RAN1 requesting RAN1 to study how to reduce the delay caused by the DL synchronization, reuse the L1 measurement for triggering HO or something else.
For UL synchronization, we understand that, if UE and/or NW can achieve the UL synchronization (i.e. available TA value for the target cell) before hand, the RACH procedure can be saved and the UL synchronization would be removed from the delay model.
Proposal 9: RACH-less L1/L2 mobility shall be supported to minimize the interruption time.
For initiating the RACH-less handover, the TA need to be obtained by either NW or UE before hand, for some small cell, the transmission time of the radio can be ignored (e.g. TA=0), in some cells, NW and UE can have some kind of TA derivation procedure to obtain the TA value. However, it is not mandatory, when the TA value of the target cell can not be obtained by either UE or NW before hand, UE shall initiate the RACH procedure to reach the UL synchronization.
Proposal 10: The RACH-less mobility can be performed in case the TA of target cell is known by NW side (e.g. TA=0 for small cell, or there is valid TA on NW side). Otherwise, RACH will be triggered in L1/L2 mobility.
3. [bookmark: _GoBack]Conclusion and proposals 
In this contribution, we discussed L1/L2 inter-cell mobility with the following observations and proposals:
Scenario
Proposal 1: The following scenarios need to be considered in L1/L2 mobility
· Intra-DU intra-frequency mobility
· Intra-DU Inter-frequency mobility
· Inter-DU intra-frequency mobility
· Inter-DU inter-frequency mobility
Proposal 2: RAN2 consider the following scenarios for intra-DU L1/L2 mobility:
· the target PCell is a current SCell
· the target SCell is the current PCell.
Proposal 3: Support DC case for L1/L2 signaling based inter-cell mobility.
Target for optimization
Proposal 4: The delay caused by TRS tracking and CSI-RS measurement (e.g. fine-beam) is an optional component for the latency model. That is, the component would be absent in the delay model if the CSI measurement is used for triggering HO, otherwise, such component shall be present in the delay model.
Observation 1:  There are two aspects which can be improved according to the endorsed latency model:
· The whole L1/L2 mobility time consumption, in which, the measurement for triggering HO take a major role.
· The UP data interruption time, in which, the synchronization between UE and NW play a major role.
Optimization on Measurement for L1/L2 mobility
Proposal 5: For the L1 measurement to trigger the HO, both SSB and CSI-RS based inter-cell L1 measurement/report can be supported, and send an LS to RAN1 for their further work. 
Proposal 6: For the inter-frequency inter-cell measurement, measurement gap is optional required based on the UE capability and the frequency of target cell. One LS can be sent to RAN4 to check whether the existing measurement gap can be reused in inter-frequency inter-cell measurement for L1/L2 mobility.
Observation 2: Considering the RLC reestablishment, PDCP recovery, F1-UP path switching and corresponding data retransmission over F1-U and UU interface, Pingpong issue has to be avoided in the inter-DU mobility.
Proposal 7: The L1 measurement mechanism shall be enhanced for mitigation of ping-pong handover, especially in inter-DU mobility.
Proposal 8: Send a LS to RAN1 requesting RAN1 to study how to reduce the delay caused by the DL synchronization, reuse the L1 measurement for triggering HO or something else.
Proposal 9: RACH-less L1/L2 mobility shall be supported to minimize the interruption time
Proposal 10: The RACH-less mobility can be performed in case the TA of target cell is known by NW side (e.g. TA=0 for small cell, or there is valid TA on NW side). Otherwise, RACH will be triggered in L1/L2 mobility.
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