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Introduction
The detailed objective in the WID of [1]for enhancements on the L1/L2 based inter-cell mobility is as following:
	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: OLE_LINK7][bookmark: OLE_LINK8]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



In this contribution, we give our initial considerations on the possible procedure of L1L2 based mobility, and provide some open issues according to the proposed procedure. 
Discussion
L1L2 based mobility procedures
Considering the latency performance for L1L2 based inter-cell mobility, it is expected that the steps of the L1L2 mobility procedure are as following,


[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Figure 1 L1L2 mobility procedure
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: The following steps of the L1L2 based mobility procedure are the baseline RAN2 understanding,
· Step 1:Configuration of candidate cells/beam measurement
· Step 2:Beam measurement and reporting including candidate cells
· Step 3:TA acquisition/TRS tracking of candidate cells
· Step 4:Serving cell change/beam change decision
· Step 5:Signalling for serving cell change/beam change
· Step 6:UE performs serving cell/beam change
Note that Step 2 falls into RAN1 scope, thus the following discussion in the following subsections focuses on some initial consideration related to Step 1, Step 3, Step 4, Step 5 and Step 6, respectively. 
Configuration of candidate cells/beam measurement
The intention of L1/L2 based inter-cell mobility is to realize fast cell level mobility by L1/L2 signaling. In order to realize fast cell level mobility, the network needs to provide candidate cells configuration information to UE in advance. An important question is how to configure and maintain the multiple candidate cells configuration information. About the question two points should be taken into consideration:
· the occasion to send the candidate cells configuration information to UE
· the modeling of serving cell configuration i.e. what configuration information could be provided for the candidate cell 
· occasion to send the candidate cells configuration information to UE
Considering that the candidate cells configuration information should be provided to UE before the UE receives the L1/L2 cell mobility command, the occasion to send the candidate cells configuration information to UE is mainly focus on the following two time points:
                  Option 1:  together with beam measurement configuration, i.e. in step 1
                  Option 2:  after UE reports the beam measurement result, i.e. after step 2
For Option 2, there seems to be a risk on the benefit of the reduction of latency, due to the L1/L2 cell mobility command from network is decided based on beam measurement result reported, and the candidate cells decision is also based on the measurement results, so the preparation and sending of the candidate cells configuration will consume some latency, the benefit of the L1L2 based on mobility on latency reduction will not outstanding. Therefore, Option 1 is preferred, i.e. the network sends candidate cells configuration information to UE together with beam measurement configuration.
Proposal 2: To reduce latency, the network sends candidate cells configuration to UE together with the beam measurement configuration.
· modeling of serving cell configuration
As indicated in the WID [1], both intra-DU case and intra-CU inter-DU case need to be considered for L1/L2 mobility with serving cell change. 
For intra-DU case: 
It seems that only configuring the physical layer configuration parameter for candidate cells is workable. As serving cell and candidate target cell are within the same DU, that is the MAC entity, RLC entity and PDCP entity all located in the same DU/CU. The L2 configuration can share between serving cell and candidate target cells.  
For intra-CU inter-DU case:
Due to the MAC entity and RLC entity are located in different DU, for this case, the MAC layer and RLC layer parameters of the candidate cells need to be configured to UE. The PDCP layer configuration could be shared as serving cell and candidate target cells share one PDCP in intra-CU case. 
The following figure clarifies this more clearly.
                  [image: ]            [image: ]
Proposal 3: RAN2 to discuss the modeling of serving cell configuration:
· For intra-DU case, SDAP/PDCP/RLC/MAC configurations are shared between the serving cell and candidate cells, only PHY configurations are provided for each candidate cells.
· For intra-CU inter-DU case, SDAP/PDCP configurations are shared between the serving cell and candidate cells, RLC/MAC/PHY configurations are provided for each candidate cells.
TA acquisition of candidate cells
As one of the main benefits from the L1/L2 based inter-cell mobility, cell switch among pre-configured candidate cells based on L1/L2 signaling allows UE to perform fast access to the target cell, which aims to reduce the mobility latency. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In the legacy L3 based handover, when UE receives RRCReconfiguration message, it performs handover to the target cell and then synchronizes to the target cell through RACH. After completion of uplink synchronization by applying TA obtained from RAR, UE shall send RRCReconfigurationComplete message to the target cell, and then if needed, could perform initial uplink transmission in the target cell.
For L1/L2 based inter-cell mobility, first we can observe that the mobility latency can be reduced by sending L1/L2 signaling instead of L3 signaling for handover execution. For further latency reduction, it is preferred that UE could transmit data in the target cell without RACH, which requires UE to acquire the TA value for uplink synchronization in advance before switching to a certain candidate cell. However, how to acquire TA depends on RAN1, RAN2 should wait for RAN1 decision to further discuss the signaling design to include necessary parameter used for TA acquisition for candidate cells.
Proposal 4: The configuration for TA acquisition of candidate cells is pre-configured to UE to acquire TA in advance, and the detailed parameters and how to acquire the TA of candidate cells depends on RAN1.
But one issue RAN2 could consider before RAN1 decision is that how and when to inform UE of the TA if the serving cell could acquire the TA of candidate cells in advance. For example, UE could obtain the TA for candidate cells before receiving the L1/L2 mobility command. Some further concern is that if due to UE mobility the TA value needs to be updated, gNB should re-send the latest TA value for candidate cells to UE. In this way UE is required to maintain the TA value for one or more candidate cells, but once gNB wants to switch UE to a candidate cell, gNB only needs to send the L1/L2 signaling to UE without any additional TA related information. To avoid UE to maintain the TA value for candidate cells, another way is to combine the TA value for target cell within the L1/L2 signaling, which in contrary may increase the decoding latency for L1/L2 signaling.
Proposal 5: Network sends TA value of target cell to UE before or in the L1/L2 mobility command.
TRS tracking of target cell
As discussed in our companion paper [2], it is beneficial to perform TRS tracking and CSI measurement and report for target cell before reception of L1L2 based mobility command. However, for the detailed solution on when/how to perform the TRS tracking it should be in RAN1 scope.To progress, it is better to request RAN1 to consider on this aspect.
Proposal 6: TRS tracking and CSI measurement and report for target cell should be performed before reception of L1L2 based mobility command. For the details solution, it is up to RAN1.LS to RAN1 on this is needed.
Serving cell change/beam change decision
According to WID, the L1L2 based mobility should be perform based on L1L2 command. Considering of this, it is reasonable for L2 (MAC) and/or L1 (PHY) to make the mobility decision. 
Proposal 7: For serving cell change, the decision is made by PHY and/or MAC, but not RRC.
Different like L3 mobility, L1L2 mobility will take the L1 measurement reporting results into consideration when to make the mobility decision. However, L1 measurement is not stable enough compared with L3 RRM measurements. Mobility decision based on L1 measurement results only probably lead to frequent ping-pong events, which instead increases the overhead and interruption time. 
Observation 1: If the mobility decision is based on L1 measurement results only, it probably leads to frequent ping-pong events, which instead increases the overhead and interruption time.
Such issue should be avoided as much as possible, thus we propose RAN2 should make further discussion. The following candidate options can be take into consideration
Option 1: A straightforward solution is to take the L3 RRM measurements results into consideration, i.e., L1/L2 take the mobility decision based on both the L1 measurement as well as the L3 RRM measurement. However, currently there is no way for the L1 (PHY) /L2 (MAC) to obtain the L3 RRM measurement results at least for CU-DU split scenario. Further, L3 RRM measurement is quite slow which requires additional filtering. 
Option 2: To introduce new measurement quantity which is faster than L3 RRM measurement and more stable than current L1 beam measurement, i.e., cell-level L1 measurement quantity. But L1 measurement enhancement is within the RAN1 scope, RAN2 need to send LS to RAN1 and ask them to make some evaluation firstly. 
Option 3: To introduce event triggered reporting to L1 measurement reporting, i.e., NW can set proper trigger condition, so that the reported measurement results is rather stable. 
Table 1: candidate solutions on mobility robustness improvement 
	Candidate solution 
	Pros 
	Cons

	Option 1: 
L1/L2 make mobility decision based on both L1 beam measurement and L3 RRM measurement
	Improve the mobility Robustness;
	- RAN3 involvement required, i.e., CU-DU interaction required to let the L1/L2 obtain the L3 RRM measurement results;
- L3 RRM measurement is slow

	Option 2: 
Introduce new L1 measurement quantity, i.e., cell-level L1 quantity
	Improve the mobility Robustness
	- L1 involvement required

	Option 3: 
Event triggered L1 measurement reporting
	Improve the mobility Robustness
	- L1 involvement required



Proposal 8: For L1L2 mobility, the mobility robustness should be considered. The following potential solutions can be considered,
Option 1: L1/L2 makes mobility decision based on both L1 beam measurement and L3 RRM measurement
Option 2: Introduce new L1 measurement quantity, i.e., cell-level L1 quantity
Option 3: Event triggered L1 measurement reporting
Signaling for serving cell change/beam change
R17 inter-cell beam management (ICBM) allows UE to use the beam with different PCI to perform data transmission without serving cell change. In the R18 enhancements for mobility, UE is pre-configured by  the current serving cell with a list of candidate cells so as to support L1/L2 signaling based cell switching, i.e., the main difference compared with R17 is that UE could switch the serving cell and beam to the target cell based on L1/L2 signaling. Then a basic consideration is that whether UE can be configured with both R17 ICBM feature and R18 L1/L2 signaling based cell switching feature simultaneously. Note that R17 ICBM provides an in-timing beam management scheme and helps to reduce the occurrence of beam failure and ping-pang handover. From this perspective it seems no strong reason to limit. 
Proposal 9: UE can be configured with R17 ICBM and R18 L1L2 based serving cell change simultaneously.
Based on Proposal 8, two possible scenarios should be considered for the enhanced R18 mobility:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Scenario 1 - UE is in cell A with serving beam x at T1 moment. Due to mobility measurement and reporting, at T2 moment UE receives L1/L2 signaling and switches to cell B with serving beam y
Scenario 2 – UE is in cell A with serving beam x at T1 moment. Due to mobility measurement and reporting, at T2 moment UE’s serving beam is switched to beam y of cell B using ICBM but UE is still in serving cell A. Followed by L1/L2 signaling to switch serving cell A to cell B
[image: ]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For scenario 1, the L1/L2 mobility command should be able to indicate UE about the target cell and beam so that UE can perform simultaneous beam and serving cell change when receiving the L1/L2 mobility command. while the scenario 2 allows UE to firstly use the beam of cell B using R17 ICBM, and then based on UE measurement results, the serving cell further indicates UE to perform cell-level switching by using the R18 L1/L2 mobility command. In this situation the L1/L2 signaling only needs to inform UE of the target cell.
Proposal 10: For enhanced R18 mobility feature, the L1/L2 mobility command supports the following two cases to perform serving cell change:
Case 1 – to inform UE to perform serving beam and serving cell change simultaneously
Case 2 –to inform UE to perform serving cell change and keep the current serving beam
[bookmark: _GoBack]UE performs serving cell/beam change

For the beam change, it is mainly belong to RAN1 scope, hence we don’t give related discussion here. But for the serving cell change which will lead in L2 handling for legacy handover, so for L1L2 based mobility what L2 handling is needed will be discussed in this section.
Based on the discussion of serving cell configuration model in subsection 2.2, we can find PDCP/RLC/MAC entity could be shared for intra-DU case, but different RLC/MAC entity are established in serving cell and candidate cell for inter-DU case. Due to the different architecture, the UE behaviors of MAC layer, RLC layer and PDCP layer are different for intra-DU and intra-CU inter-DU case. 
For intra-DU case:
Considering that serving cell and candidate target cells are under the same DU, the status of the MAC entity and RLC entity can be shared by the serving cell and candidate cells, so there is no need to perform MAC reset and RLC reestablishment to realize the sync between UE and target cell, when UE performs L1/L2 based serving cell change. Obviously, the PDCP reestablishment or PDCP data recovery is also not needed.
For intra-CU inter-DU case:
As the MAC entity and RLC entity are located in different DU, when UE performs L1L2 based serving cell change, MAC reset and RLC reestablishment needs to be performed to sync UE and target DU status like legacy handover based on RRC signaling, meanwhile PDCP data recovery procedure could also need to be performed to  avoid data loss.
Proposal 11: For L2 handing during L1L2 based mobility, the following are supported:
· For intra-DU case, UE doesn’t perform MAC reset and RLC reestablishment.
· For intra-CU inter-DU case, UE shall perform MAC reset, RLC reestablishment and PDCP data recovery procedure.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our main contributions are summarized as follows:
L1L2 based mobility procedures:
Proposal 1: The following steps of the L1L2 based mobility procedure are the baseline RAN2 understanding,
· Step 1:Configuration of candidate cells/beam measurement
· Step 2:Beam measurement and reporting including candidate cells
· Step 3:TA acquisition/TRS tracking of candidate cells
· Step 4:Serving cell change/beam change decision
· Step 5:Signalling for serving cell change/beam change
· Step 6:UE performs serving cell/beam change
Configuration of candidate cells/beam measurement
Proposal 2: To reduce latency, the network sends candidate cells configuration to UE together with the beam measurement configuration.
Proposal 3: RAN2 to discuss the modeling of serving cell configuration:
· For intra-DU case, SDAP/PDCP/RLC/MAC configurations are shared between the serving cell and candidate cells, only PHY configurations are provided for each candidate cells.
· For intra-CU inter-DU case, SDAP/PDCP configurations are shared between the serving cell and candidate cells, RLC/MAC/PHY configurations are provided for each candidate cells.
TA acquisition of candidate cells
Proposal 4: The configuration for TA acquisition of candidate cells is pre-configured to UE to acquire TA in advance, and the detailed parameters and how to acquire the TA of candidate cells depends on RAN1.
Proposal 5: Network sends TA value of target cell to UE before or in the L1/L2 mobility command.
Proposal 6: TRS tracking and CSI measurement and report for target cell should be performed before reception of L1L2 based mobility command. For the details solution, it is up to RAN1.LS to RAN1 on this is needed.
Serving cell change/beam change decision
Proposal 7: For serving cell change, the decision is made by PHY and/or MAC, but not RRC.
Observation 1: If the mobility decision is based on L1 measurement results only, it probably leads to frequent ping-pong events, which instead increases the overhead and interruption time.
Proposal 8: For L1L2 mobility, the mobility robustness should be considered. The following potential solutions can be considered,
Option 1: L1/L2 makes mobility decision based on both L1 beam measurement and L3 RRM measurement
Option 2: Introduce new L1 measurement quantity, i.e., cell-level L1 quantity
Option 3: Event triggered L1 measurement reporting

Signaling for serving cell change/beam change
Proposal 9: UE can be configured with R17 ICBM and R18 L1L2 based serving cell change simultaneously.
Proposal 10: For enhanced R18 mobility feature, the L1/L2 mobility command supports the following two cases to perform serving cell change:
Case 1 – to inform UE to perform serving beam and serving cell change simultaneously
Case 2 –to inform UE to perform serving cell change and keep the current serving beam
UE performs serving cell/beam change
Proposal 11: For L2 handing during L1L2 based mobility, the following are supported:
· For intra-DU case, UE doesn’t perform MAC reset and RLC reestablishment.
· For intra-CU inter-DU case, UE shall perform MAC reset, RLC reestablishment and PDCP data recovery procedure.
Reference
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