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1. Introduction
In the RAN2 #121 meeting, RAN2 made following agreements.[1]
	L1/L2-based inter-cell mobility
Agreed: Usage of reference configuration: 
- 	Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
- 	The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
-	To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
-	FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
-	FFS if the reference configuration can be derived from the current UE configuration at some point of time. 

Potentially: R2 assumes that LTM without a separate reference configuration (if agreed) could work something like this: 
-	Alt A: The candidate configuration (which need to be complete) is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. (Same procedure as above)
-	Alt B: The candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure (it is assumed that the network need to coordinate if subsequent reconfigurations shall work, FFS feasibility). 
agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells
Reference config can be empty
In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
In the RRC procedures, the complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset MAC, RLC or PDCP. FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set. FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.
No consensus to support HARQ continuation (and in order to resume discussion some new input may be needed, e.g. quantitative evidence of a serious problem).
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP). 



In addition, the following remain as open issues.
	L1/L2 based inter-cell mobility 
· FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration. FFS if this need to be specified.
· FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
· FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility
· Procedure of LTM cell switch to be supervised by a timer. Detailed operation and UE behavior with the timer.
· How to indicate UE arrival in the target cell. 
· Partial MAC reset in intra-DU, e.g., whether to continue HARQ, BSR, etc., at MAC partial reset. 
· Security concerns for LTM when using L1/L2 signalling in L1 measurement report or LTM trigger command.
· Detailed issues and procedure for Inter-DU LTM
· Detailed issues and procedure for early TA Acquisition
· For RRC reconfiguration with usage of reference configuration
· FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified
· FFS if the reference configuration can be derived from the current UE configuration at some point of time. 
· FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set.
· FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.




In this contribution, we discuss and propose about open issues of early sync and L1 measurement from RAN2 perspective.
2. Discussion
2.1. The order of L1 measurement and early sync
A baseline for the LTM procedure illustrated below was made at the last meeting of RAN2.[2] 


Fig1. Signalling procedure for LTM
The order of DL/UL sync and L1 measurement in Steps 4a, 4b and 5 is currently FFS. The following is a proposal for the order of these steps.
The order of DLsync and L1 measurement
In order to perform L1 measurement on candidate cells, DL sync to the candidate cell needs to be performed before L1 measurement, so at least DL sync needs to be performed before L1 measurement. Therefore, at least DL sync needs to be executed before L1 measurement.
The order of UL sync and L1 measurement
Whether UL sync should be performed on multiple cells or not: if UL sync is performed on multiple candidate cells in LTM is a point that needs to be discussed. The UE can reuse the TAs of those cells in subsequent LTMs, on the other hand, the UE may use more resources to acquire TAs that may not be used. Also, UL sync for multiple candidate cells may lead to delay. Since the advantage of LTM is to reduce mobility delay and overhead by mainly using L1/L2 signalling, it is undesirable for Early sync to reduce the advantage of LTM. Therefore, to avoid performing UL sync on all candidate cells, it is preferable to perform L1 measurement before UL sync to narrow down the target cells for UL sync.
Based on the above, the procedure from Early sync to LTM decision is as follows.
[image: ]
Fig2. Signalling procedure of early sync and L1 measurement for LTM

Observation 1: 	The order of DL/UL sync and L1 measurement in Steps 4a, 4b and 5 is currently FFS.
Proposal 1: 	DL sync needs to be executed before L1 measurement.
Proposal 2: 	It is preferable to perform L1 measurement before UL sync to narrow down the target cells for UL sync.
2.2. RAN1 LS related issue
2.2.1  PDCCH ordered-RACH
The following have been agreed upon in RAN1 and RAN2 is asked to take this agreement into account.
	Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement



For the highlighted FFS, it is necessary to consider signalling in RAN2 to indicate whether to receive the RAR in the Early UL sync. Since the only signaling from the NW to the UE before this UL sync is the RRC reconfiguration to configure the LTM, it is necessary to add an indication for RAR reception to the RRC reconfiguration in the preparation phase.
It is an open issue whether RAR reception should be configured per UE or per cell.
It is possible to reuse the legacy method for RAR reception from a serving cell. However, to receive a RAR from a candidate cell, additional configuration is required. In other words, RAR reception may become an overhead factor depending on the cell. Therefore, it is necessary to have a way to configure whether RAR reception is required for each cell.
To execute this Early UL sync, the RACH configuration for the candidate cell needs to be prepared separately from the RACH configuration for the serving cell. The following are possible ways to configure the RACH configuration of the candidate cell.
Option1: Use the RACH configurations in the servingCellConfig of the Candidate cell.
Opiton2: Specify the RACH configuration in the LTM configuration separately from the servingCellConfig of the Candidate cell.
In the case of Option1, when RRC reconfiguration is executed in the preparation phase, the configuration of the candidate cell also needs to be decoded.
Observation2: 	It is necessary to consider signalling in RAN2 to indicate whether to receive the RAR in the Early UL sync.
Proposal 3: 	It is necessary to add an indication for RAR reception to the RRC reconfiguration in the preparation phase (per cell or per UE).
Observation3: 	To execute early UL sync, the RACH configuration for the candidate cell needs to be prepared separately from the RACH configuration for the serving cell. The following are possible ways to configure the RACH configuration of the candidate cell.
Option1: Use the RACH configurations in the servingCellConfig of the Candidate cell.
Opiton2: Specify the RACH configuration in the LTM configuration separately from the servingCellConfig of the Candidate cell.

2.2.2 L1 measurement configuration
In RAN1, the following options are discussed for L1 measurement configuration. In addition, it is required to determine the final RRC structure in RAN2.
	Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 



Since the discussion in RAN1 was proceeding in parallel with the discussion on the RRC model in RAN2, it is not taken into account that the final candidate configuration was decided to be model1, which uses the RRC configuration. Therefore, each option can be changed as follows.
	Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and RRCReconfiguration for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under RRCReconfiguration for the candidate cells]
Option 3) Configurations for L1 measurement RS is provided under RRCReconfiguration for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 



For each option, it is expected that the existing L1 measurement configuration will be reused, but there are some considerations that need to be made.
· Measurement object
LTM supports inter-frequency cells. Therefore, it is necessary to have a structure that allows target cell frequency to be set. Legacy L1 measurement configuration (CSI-Meas Config) only configures serving cell frequency. So, measurement object configuration like L3 measurement is needed.
· Reporting configuration
The periodicity and other settings that have been supported in the legacy measurement are necessary. In addition, event trigger reporting is currently being discussed in RAN1 and if support it, UE event trigger reporting needs to be supported, configurations for event triggered reporting are necessary. In addition, it is necessary to set event criteria and threshold for LTM.
· Quantity configuration
The RAN1 is still discussing which quantities should be supported in L1 measurement for LTM. It is necessary to consider whether filtering settings such as reportQuantity in L1 measurement and L3 measurement are necessary or not in RAN2 as well.
· Measurement gap 
It is agreed that inter-freq cells are supported as candidate cells in LTM. In the legacy L3 measurement for mobility, a measurement gap is specified for inter-freq cells. On the other hand, the legacy L1 measurement only covers the serving cell. Therefore, it is expected that a configuration for the measurement gap for L1 measurement will be necessary for LTM, and RAN2 should discuss the necessity of a measurement gap config for LTM based on the measurement gap configuration specified for L3 measurement. 
From the above perspective, in order to reuse an existing configuration as a base, some modification or addition for LTM is necessary. An option that can ensure the flexibility of the configuration while minimizing the impact on existing specifications other than LTM is preferred.
Also, the ASN.1 decoding timing of the candidate configuration is currently FFS. If Option 3 is used, ASN.1 decoding is required for all candidate cell configurations before L1 measurement execution.
Therefore, Option 2 is preferable for configuration flexibility and to avoid unnecessary decoding.
Observation 4: 	In RAN1, the following options are discussed for L1 measurement configuration. In addition, it is required to determine the final RRC structure in RAN2.
	Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 



Proposal 4: 	Option 2 is preferable for configuration flexibility and to avoid unnecessary decoding.
3. Conclusion
Our observations and proposals are summarized below.
Observation 1: 	The order of DL/UL sync and L1 measurement in Steps 4a, 4b and 5 is currently FFS.
Proposal 1: 	DL sync needs to be executed before L1 measurement.
Proposal 2: 	It is preferable to perform L1 measurement before UL sync to narrow down the target cells for UL sync.
Observation2: 	It is necessary to consider signalling in RAN2 to indicate whether to receive the RAR in the Early UL sync.
Proposal 3: 	It is necessary to add an indication for RAR reception to the RRC reconfiguration in the preparation phase (per cell or per UE).
Observation3: 	To execute early UL sync, the RACH configuration for the candidate cell needs to be prepared separately from the RACH configuration for the serving cell. The following are possible ways to configure the RACH configuration of the candidate cell.
Option1: Use the RACH configurations in the servingCellConfig of the Candidate cell.
Opiton2: Specify the RACH configuration in the LTM configuration separately from the servingCellConfig of the Candidate cell.
Observation 4: 	In RAN1, the following options are discussed for L1 measurement configuration. In addition, it is required to determine the final RRC structure in RAN2.
	Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 



Proposal 4: 	Option 2 is preferable for configuration flexibility and to avoid unnecessary decoding.
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