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1. Introduction
3GPP TSG RAN Meeting #94e has approved a new work item aimed at “Further NR Mobility Enhancements”. Detailed work item description (WID) can be found in [1]. The objectives of L1/L2 based inter-cell mobility are shown 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]
· 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 scope of the WID, the L1/L2 mobility is introduced for reducing latency of the current L3 based mobility under the scenarios of intra-CU-intra-DU and intra-CU-inter-DU. In this paper, we would like to identify the necessary enhancements of the L1/L2 mobility to reduce the latency compare to the legacy mobility, and share our views on how to implement the enhancements.
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. From NW deployment point of view, both inter-DU and intra-DU, both inter-frequency and inter-frequency are popular mobility scenarios which are perfectly aligned with the scope of the WID. So in our understanding, all works of intra-DU/inter-DU/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, the following scenarios can be considered:
· Scenario 1: SpCell change within one CG/DU (including SpCell change with SCell change, and may be configured simultaneously in both MN/SN);
· Scenario 2: SCell addition/change within one CG. 
In scenario 1, PCell change within MCG and PSCell change within SCG can be configured simultaneously in NR-DC case. And SpCell change with SCell change can also be considered.
Proposal 2: RAN2 consider the following scenarios for intra-DU L1/L2 mobility:
· Scenario 1: SpCell change within one CG/DU (including SpCell change with SCell change, and may be configured simultaneously in both MN/SN);
· Scenario 2: SCell addition/change within one CG. 
Regarding intra-CU inter-DU case, PCell change (including PCell change with SCell change) across DUs but within one CU is considered.
Proposal 3: RAN2 consider the following scenario for intra-CU inter-DU L1/L2 mobility:
· PCell change (including PCell change with SCell change) across DUs but within one CU.
NOTE: PSCell change across DUs should be discussed in MR-DC with selective activation, but a common framework is preferred.
2.1 Target for optimization 


Fig.2-1 The L1/L2 based Mobility Illustration
For analyzing the latency model of L1/L2 mobility, a general procedure for L1/L2 mobility is illustrated in Fig.2-1, the L1/L2 signaling based mobility within air-interface are assumed to be split into four steps:
· Step 0 - the measurement for mobility, in this step, UE and/or NW detect that UE has approached the edge of the source cell according to the measurement result, it maybe L3 measurement or L1 measurement.
· Step 1- NW send a L1/L2 signaling to UE for initiating the SpCell change according to the measurement result in step 0, and UE have a fast application of the pre-configured RRC Configuration of the SpCell.
· Step 2- UE perform the DL synchronization and UL synchronization to connect the target cell for SpCell change.
· Step 3- UE generate an ACK to L1/L2 signaling of triggering SpCell change and send it to target cell for terminating the SpCell change.
In step 0, the measurement is a main cause to delay the triggering of SpCell change. The current mobility is using the L3 measurement, for L1/L2 based mobility, we pretend the measurement for L1/L2 signaling based mobility still reuse the L3 measurement as same as L3 mobility, the latency of initiating the SpCell change may be delayed by 200 ms at most. As a result, the later the HO is triggered, the much more likely the decoding of the HO command fails, which may potentially reduce the robustness of the HO.
Observation 1: The latency caused in step 0 (measurement) will delay the triggering of HO, and lead to negative impact on mobility robustness, especially for FR2 case in which the radio condition may be deteriorated sharply.
In step 1, RRCReconfiguration message is used as HO command for L3 mobility. Considering the scope of the WI, L1/L2 signaling can be another option to become the HO command instead of the RRCReconfiguration. So in this contribution, we may consider the RRC reconfiguration and L1/L2 signaling as HO command simultaneously, meanwhile, for supporting the L1/L2 based HO command, we will discuss the mechanism/frame work for supporting the HO command to be L1/L2 signaling.
Observation 2: According to the WID, the L1/L2 signaling can be an option to replace the RRCReconfiguration to be the HO command for L1/L2 mobility. In this case, the RRC signaling framework for supporting the L1/L2 signaling based HO command shall be studied. 
In step 2, in L3 mobility, UE need to measures the SSB to perform the DL synchronization which may cost 20ms in average, and then UE have to perform the RACH for UL synchronization. it will spend UE with 5~50ms for performing RACH procedure. Then in this step, there are almost 25~70ms latency in total for performing the whole RACH procedure (e.g. DL+UL synchronization), in addition, the latency caused by RACH is not different with the latency caused by the step 0, the RACH will cause the UP data transmission interruption which is much more significant for UE experience. If the HO is triggered frequently (e.g. ping-pong handover), the data transmission interruption will be considerable.
Observation 3: The latency caused in step 2 (i.e. DL/UL synchronization) will lead to interruption on data transmission, and the interruption time will be considerable in case the mobility is triggered in a frequently way.
In step 3, the only factor of the latency is dependent on the ACK/NACK mechanism, it does not take the major part in the time consumption of the whole process of the L1/L2 based mobility.
According to the analysis above, we can conclude that, in general, the measurement part and synchronization part literally take a major part in the time consumption of a whole process of the L1/L2 mobility. In addition to measurement and synchronization in the HO air-interface procedure, there is another action for L1/L2 mobility shall also be taken into account which may cause the non-neglected UP data interruption, it is the UP re-establishment (e.g. RLC re-establishment, PDCP Recovery/PDCP Reestablishment). So generally speaking, the latency caused by L1/L2 mobility can be allocated into two factors: first one is CP part which is measurement/report for triggering the HO and HO related RRC procedure, the second part is UP part which is synchronization and UP re-establishment. So for the work of L1/L2 mobility need to be done in Rel-18, we propose that:
Proposal 4: L1/L2 mobility aims to improve the mobility performance in following aspects:
· Reduce the interruption time by avoiding the latency caused by synchronization and UP reestablishment
· Improve the mobility robustness by reducing the latency caused by measurement and RRC procedure. 

2.2 Optimization on Measurement for L1/L2 mobility
For measurement part of legacy mobility, L3 measurement is time-consuming step due to L3 filter, hysteresis, ttt. it will result in the late detection of the wireless environment’s variation, in some case, UE maybe not able to decode the HO command for initiating the SpCell change due to the deterioration of the wireless environment caused by the latency of L3 measurement.
Observation 4: The L3 filter, Hysteresis, TimeToTrigger has been introduced in L3 measurement to avoid PingPong. However, such mechanism will lead to considerable delay before the HO can be triggered, which will be more serious in FR2 case.
Considering L1 measurement/report is far more prompt to the channel state variaton than L3 Measurement due to the non-filter. For minimizing the latency caused by measurement part (e.g. step 0), one direct way is to use the L1 inter cell measurement/report for L1/L2 mobility. 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. So we propose:
Proposal 5: For the measurement of L1/L2 mobility, the inter-cell L1 measurement/report can be supported , including both SSB and CSI-RS 
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 with 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..), but for intra-DU handover, ping-pong handover may have less negative impact than inter-DU case if RACHless handover can be applied. So, at this stage, we may have two directions for avoiding the ping-pong handover caused by the L1 measurement:
· Direction 1: Using one unified L1 inter-cell measurement mechanism for both inter-DU and intra-DU handover, and study the enhancement for avoiding the ping-pong handover.
· Direction 2: Using the L1 inter-cell measurement/report for intra-DU handover and keeping the L3 measurement for inter-DU handover.  
Direction 1 is aiming to design a unified L1 measurement mechanism for both intra-DU/inter-DU handover, but it requires more efforts to discuss how to avoid the ping-pong handover but do not lose L1 measurement’s speed of the reaction to the channel state variation too much. 
In direction 2, we can just directly rely on the current mechanism of L1 measurement for intra-DU mobility and L3 measurement for inter-DU mobility respectively. For intra-DU mobility, assuming that RACHless handover can be supported and no L2 action is needed for intra-DU handover as described in section 2.3, which means no UP data interruption is made for the case of intra-DU handover, then we think the legacy L1 measurement/report mechanism is enough for intra-DU mobility, hence UE can switch to a neighbor cell whenever there is a good beam of the neighbor cell can be found and also can freely switch back to the original cell whenever there is a good beam can be found there at any time. However, for inter-DU mobility, due to the L1 measurement cannot provide the cell level measurement result in FR2 and L2 handling of the inter-DU mobility must lead to the UP data interruption, It is not reasonable for UE to switch into a cell where there is only one or two suitable beams can be found since there is a high risk of the ping-pong handover and every time the inter-DU handover is implemented, the considerable UP data interruption is caused, so directly reuse the exiting L3 measurement/report for inter-DU L1/L2 mobility is a good choice.
Observation 5: 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.
Compare between direction 1 and direction 2, direction 1 should require more discussion on how to enhance the L1 measurement mechanism in order to avoid the ping-pong handover, nevertheless, we understand that enhancement will be much likely to go for the L3 measurement like mechanism (e.g. filtering the L1 measurement result or something else). For direction 2, the specification work can be minimized, reusing the mature L3 measurement/report for L1/L2 inter-DU mobility can avoid the ping-pong handover as much as possible even though the latency of the measurement is inevitable, but the potential latency caused by the UP re-establishment can be avoided. Using the L1 measurement/report to L1/L2 intra-DU mobility can decrease the latency caused by the measurement part dramatically, the ping-pong handover have less impact on intra-DU mobility if RACH and L2 handling can be avoided as described in subclause 2.3. According to such comparison, we prefer the direction 2 over the direction 1.
Proposal 7: The L1 measurement/report shall be supported for intra-DU mobility and the existing L3 measurement/report can be re-used for inter-DU mobility.

2.3 Optimization on user plane for L1/L2 mobility
The user plan for L1/L2 mobility have two factors as we described in proposal 2, the first factor is synchronization part (e.g. RACH), the second factor is the UP re-establishment.
For the first factor, the RACH procedure would spend UE with 5~50ms for UL synchronization let along the DL synchronization when initiating the RACH. So 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 so that the interruption of the data transmission will be reduced by 5~50 ms.
Proposal 8: 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 9: 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.
Regarding the second factor ‘UP re-establishment’, it may include the PDCP re-establishment and recovery, RLC re-establishment, such kind of L2 action will cause the UP data interruption, for intra-CU-intra-DU handover, DU does not change, the RLC/PDCP re-establishment is not necessary since the key and the RLC bearers can be kept as they are during the handover, and regarding the PDPC recovery, it is not mandatory since the RLC bearer in the DU is not necessarily released. 
For intra-CU-inter-DU handover, the PDCP recovery is inevitable since the DU has been change the original RLC bearer in the source DU must be released and the new associated RLC bearer must be added in the target DU. Regarding the PDCP re-establishment, it is not needed since the key change is not necessary for intra CU handover in most case. 
Overall, for minimizing the UP data interruption in L1/L2 mobility, we propose that:
Proposal 10: The following UP enhancement shall be considered in L1/L2 mobility
· RLC reestablishment shall be avoided. 
· PDCP reestablishment shall be avoided. PDCP recovery shall be avoided at least in intra-DU case.

2.4 Discussion on signaling framework for L1/L2 signaling based HO command
For supporting the L1/L2 signaling based handover in intra-DU case, NW must configure the RRC configuration of a list of candidate cells to a UE before hand, the detail of RRC configuration of the candidate cell list can be seen in our accompanied contribution [2], When UE receiving the L1/L2 signalling for SpCell change, UE shall apply the RRC configuration of the candidate cell which is indicated by the L1/L2 signalling.
Proposal 11: For the intra-DU L1/L2 mobility, the candidate cell list shall be configured through RRC signaling in advance, and the configured candidate cells can be activated by L1/L2 command in a dynamic manner.
In Rel-17 ICBM, the configuration of the neighbor cell is assumed to be almost same with the associated serving cell, with this limitation, UE can be served by the neighbor cell with the beam change but without serving cell change. However, serving cell change is allowed in L1/L2 mobility, such kind of limitation will cause the scenario will be highly restricted from the NW point of view, for making the L1/L2 mobility fit in more flexible handover scenario, there is no need to have restrictions on the candidate cell for NW, for each candidate cell in the list, the candidate cells for L1/L2 mobility can be configured with different numerologies, different BWP configuration, different physical channel configurations and even the different MAC configurations, and can be located on different frequency & band.
Proposal 12: At least, the following flexibility shall be allowed in the configuration of candidate cells.
· Different frequency & band
· Different numerology
· Different BWP configuration
· Different physical channel configuation (e.g. PDSCH, PUSCH, PDCCH,PUCCH)
· Different MAC configuration (e.g. TAG)
In order to provide much more flexibility and reduce the total number of the candidate cell, each candidate cell can be configured as either SCell or SpCell, for example, for the configuration of the candidate cell, one part is used for SCell, and one part is used for SpCell.
Proposal 13: The configured candidate cells can be activated as either SpCell or SCell.
For supporting the L1/L2 mobility handover in inter-DU case, NW must configure the RRC configuration of a list of candidate cell groups to a UE before hand, the detail of RRC configuration of the candidate cell groups list can be seen our accompanied contribution [2], When UE receiving the L1/L2 signal or L3 signaling for HO, UE shall apply the RRC configuration of the candidate cell group which is indicated by the L1/L2 or L3 signalling.
Proposal 14: For the inter-DU L1/L2 mobility, the candidate cell group list shall be configured through RRC signaling in advance, and the configured candidate cell groups can be activated in a dynamic manner.
Proposal 15: The candidate cell groups can be activated as either MCG or SCG (i.e. common framework with NR-DC with selective activation for the intra-CU inter-DU case)

3. Conclusion and proposals 
In this contribution, we discussed L1/L2 inter-cell mobility with the following observations and proposals:
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:
· Scenario 1: SpCell change within one CG/DU (including SpCell change with SCell change, and may be configured simultaneously in both MN/SN);
· Scenario 2: SCell addition/change within one CG. 
Proposal 3: RAN2 consider the following scenario for intra-CU inter-DU L1/L2 mobility:
· PCell change (including PCell change with SCell change) across DUs but within one CU.
NOTE: PSCell change across DUs should be discussed in MR-DC with selective activation, but a common framework is preferred.
Observation 1: The latency caused in step 0 (measurement) will delay the triggering of HO, and lead to negative impact on mobility robustness, especially for FR2 case in which the radio condition may be deteriorated sharply.
Observation 2: According to the WID, the L1/L2 signaling is for sure to replace the RRCReconfiguration to be the HO command for L1/L2 based mobility. In this case, the signaling framework for supporting the L1/L2 signaling based HO command shall be studied. 
Observation 3: The latency caused in step 2 (i.e. DL/UL synchronization) will lead to interruption on data transmission, and the interruption time will be considerable in case the mobility is triggered in a frequently way.
Proposal 4: L1/L2 mobility aims to improve the mobility performance in following aspects:
· Reduce the interruption time by avoiding the latency caused by synchronization and UP reestablishment
· Improve the mobility robustness by reducing the latency caused by measurement and RRC procedure.
Observation 4: The L3 filter, Hysteresis, TimeToTrigger has been introduced in L3 measurement to avoid PingPong. However, such mechanism will lead to considerable delay before the HO can be triggered, which will be more serious in FR2 case.
Proposal 5: For the measurement of L1/L2 mobility, the inter-cell L1 measurement/report can be supported , including both SSB and CSI-RS 
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 5: 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/report shall be supported for intra-DU mobility and the existing L3 measurement/report can be re-used for inter-DU mobility.
Proposal 8: RACH-less L1/L2 mobility shall be supported to minimize the interruption time.
Proposal 9: 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.
Proposal 10: The following UP enhancement shall be considered in L1/L2 mobility
· RLC reestablishment shall be avoided. 
· PDCP reestablishment shall be avoided. PDCP recovery shall be avoided at least in intra-DU case.
Proposal 11: For the intra-DU L1/L2 mobility, the candidate cell list shall be configured through RRC signaling in advance, and the configured candidate cells can be activated by L1/L2 command in a dynamic manner.
Proposal 12: At least, the following flexibility shall be allowed in the configuration of candidate cells.
· Different frequency&band
· Different numerology
· Different BWP configuration
· Different physical channel configuation (e.g. PDSCH, PUSCH, PDCCH,PUCCH)
· Different MAC configuration (e.g. TAG)
Proposal 13: The configured candidate cells can be activated as either SpCell or SCell.
Proposal 14: For the inter-DU L1/L2 mobility, the candidate cell group list shall be configured through RRC signaling in advance, and the configured candidate cell groups can be activated in a dynamic manner.
Proposal 15: The candidate cell groups can be activated as either MCG or SCG (i.e. common framework with NR-DC with selective activation for the intra-CU inter-DU case)
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