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1 Introduction
In RAN2# 120 meeting, we discussed the delta configuration issue and made some agreements [1]:
· RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.

· The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration

· The MeasConfig IE can be optionally supported in an LTM candidate configuration.

· The OtherConfig IE is not required to be part of the LTM candidate cell configuration.

· The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.

· The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.

· A UE stores the reference configuration as a separate configuration.

· The reference configuration is managed separately 

In RAN2# 121 meeting, we further discussed the reference and delta configuration issues for sequential LTM and made some progress [2]:
· 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.

RAN1 #112 meeting made UE based RACH-less TA determination as a RAN1 working assumption [3]:
	Working Assumption

UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 

· Corresponding UE capability is to be introduced to support UE-based TA measurement

· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec


In this contribution, we discuss the procedure and subsequent/delta configurations for sequential LTM with the roles of CU and DUs in dynamically adding, maintaining, and removing the candidate cells. Configuration for combined network ordered and conditional cell change is discussed. Configuration for sequential measurement for measurement delay reduction and UE power saving is also discussed. Support of UE-based RACH-less is also discussed.
2 Discussion
2.1 Configuring and handling sequential LTM
In RAN2#120 and RAN2#121 meetings, several important agreements on L1/L2 sequential cell switches have been reached (see above highlighted agreements). Figure 1 illustrates an example of intra-CU inter-DU dynamic L1/L2 mobility candidate configuration. 
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Figure 1: A use case example of L1/L2 mobility delta configuration

As shown in Figure 1, the major steps regarding dynamic candidate configurations are:

3. Multiple mobility candidate cells are allowed by initial RRC pre-configuration. Compliance check can be performed at this step.
5. The lower layer cell switch command is issued by the source DU/cell. The lower layer cell switch does not reset the previously configured remaining candidates. With legacy mobility mechanism after a cell switch, the radio channel conditions with the other pre-configured candidates can be changed. Some of the candidates may be still valid but some other candidates may be out-of-date. Some valid candidates may need the delta re-configuration. 

8-9 In Figure 1, steps 8 -11 are related to the dynamic mobility candidate subsequent preparation. After the UE   switched to the target cell, the target cell notifies the CU. The CU further based on the measurement report determine which candidate(s) should be maintained, which candidate(s) should be removed and which candidate(s) should be added. The CU notifies all the impacted DUs/cells. For the previously configured candidates which are remaining valid, they may or may not request a delta configuration to modify the current configuration. If a remaining candidate need modifying the configuration, it sends the delta configuration to the CU. 

10. The CU includes the configurations for all the DU/cells in a F1 message and sends the message to the new serving source Du/cell.

11. The serving source cell sends the subsequent/delta configuration to the UE.

With multiple candidate cells have been pre-configured, in a serving source cell, upon receiving a cell switch command, the UE only applies the configuration of the selected target cell indicated from the cell switch command.  After a successful cell switch, the target cell becomes the new serving source cell for the UE and the UE maintains the configuration(s) of the remaining candidate(s) and continues the L1/L2 mobility operation base on the configuration(s) of the remaining candidate cell(s). The subsequent cell switch(es) will be based on the configuration maintained at the UE if no RRC reconfiguration message received in current serving source cell. The UE should continue to perform the L1 measurement based on currently UE maintained measurement configuration. The L1 measurement report should be now reported to the new serving source cell by the UE. The triggering of a subsequent cell switch is based on the L1 measurement report to current serving source cell. Regarding the FFS “early vs late compliance check” from last meeting, we prefer the UE performs the compliance check early. Since LTM and sequential LTM are preconfigured early, especially for the candidate cells/beams of the subsequent cell changes of the sequential LTM, there is enough time for the UE to perform compliance check. If the UE performs the compliance check upon received the RRC reconfiguration message for LTM, the UE will not perform measurement and report for the candidates failed the compliance check. This will save UE power, radio resource and reduce the delay. If the compliance check is performed at the cell switch execution, in case the target cell is failed the compliance check, all the previous efforts for measurement and report are wasted and additional time is needed for the source cell to find another target cell.
Observation 1: If compliance check is performed late at the cell switch execution, in case non-compliance cell is selected as the target cell, all the efforts of measurement and report at the UE, as well as the cell/beam selection at the source cell are wasted. It causes more UE power consumption, delay, and resource loss.
Proposal 1: Support to perform early compliance check when the LTM RRC reconfiguration is received.
Subsequent/delta configurations should be allowed for the network to instruct the UE to release out-of-date previously configured candidates, add configurations of the new candidates, and re-configure the existing candidates. The subsequent/delta configuration is conducted in parallel to the L1/L2 activities. After the initial configuration is performed, the subsequent/delta configuration(s) can be conducted at any subsequent serving cell before a cell switch is triggered at the serving cell. The network/CU will decide when to perform the full configuration or partial subsequent/delta configuration. 
As is agreed in RAN2 #121 meeting, a reference configuration is maintained separately. Subsequent/delta configurations should be on top of the reference configuration. Only the candidate DU/Cell(s) knows the candidate configuration(s) currently maintained by the UE. After a cell switch is completed, the newly connected serving DU/cell should notify the CU and performs report to CU as usual. Based on updated mobility situation the CU decides next subsequent/delta RRC configuration for the candidates -- removing the out-of-date ones, adding the new ones and updating the remaining ones. The CU needs to notify the existing candidates to be released and to be maintained, and the candidate cell to be added.  The remaining old candidate DU/cell(s) may acknowledge to CU with delta configuration on top of the stored reference configuration. 
Observation 2: Subsequent/delta configuration is required for candidate updates – removing the invalid ones, adding the new ones, and updating the remaining ones.

Observation 3: It is the CU making the decision to release or maintain the existing candidate cells, or add new candidate cells.

Observation 4: CU notifies its decision to all the involved candidate DU/cells.

Observation 5: It is the remaining old candidate DU/cell to determine whether to have delta configuration and send the delta configuration to the CU. 

Observation 6: The CU sends configurations of all the candidate DU/cells to the source DU/cell for it to conduct the UE configuration update.

Figure 1 also indicates that the dynamic subsequent/delta configuration has impact to F1 interface and RAN3 mobility procedure. RAN3 support is required. Based on the above analysis on dynamic L1/L2 mobility candidate configuration, we have the following proposals:
Proposal 2: Full initial pre-configuration and subsequent/delta mobility configurations can be performed at any subsequent serving cell before triggering a cell switch and maintained valid for subsequent L1/L2 mobility activities.
Proposal 3: RAN2 assumes that the CU makes the decision to release or maintain the existing candidate cells, or add new candidate cells, and notifies all the involved DUs.

Proposal 4: RAN2 assumes that the remaining candidate DU/cell determines whether to have delta configuration and send the delta configuration to the CU. Then the CU sends the delta configuration to the source DU/cell. 
In high frequency, fast mobility and irregular cell coverage scenarios with various UE trajectory situations, a UE could switch from one cell to another cell very quickly. In pre-configured sequential mobility, on the trajectory of the UE there could be certain cell(s) whose time of stay (ToS) could be too short to wait for L1 report then the source cell makes the cell switch decision. In those scenarios, it seems the conditional cell switch (i.e., CHO) is better. Therefore, it is beneficial to allow to configure the combined source cell ordered LTM and CHO at selected candidate cells for sequential cell switch in LTM. 

Proposal 5: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for subsequent cell switches. Source cell triggered and conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
Allowing sequential HOs in one configuration increases the number of candidate cells/beams which can be much larger than conventional HO. Search/measure all the candidate beams right after pre-configuration increases measurement delay and UE power consumption. On the other hand, when the candidate beams of consecutive HOs are preconfigured, not all of them should be continuously searched and measured by the UE from beginning after pre-configuration. The RRC configures the candidate beams in groups associated candidate cells. The candidate beam groups can be configured in the order of the candidate cells for the predicted sequential HOs. The UE only starts to search/ measure the candidate beams of the new current serving cell(s) which the UE switched in and changed its role from the candidate to the source serving cell for the next immediate HO, triggered by the completion of previous HO.
Proposal 6: In sequential LTM pre-configuration, indicate the association of the candidate beam groups with candidate cells. After the UE HO into the target cell which is selected from a candidate cell by old source cell, the candidate cell changes its role to be the new source cell. The UE only performs the search and measurement on the candidate beam group associated with the new source cell.
2.2 Support UE-based RACH-less in LTM
RAN1#112 meeting decided UE based RACH-less TA determination as a RAN1 working assumption. As discussed in [4][5], in normal mobility scenario with asynchronous source and target nodes, the final TA of the target cell can be determined by the UE with the current source TA, UE measured source and target reference signal timing difference (RSTD) and the network adjustment to compensate the network nodes’ asynchronous impact on RSTD.
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Figure 2: Support UE-based RACH-less LTM in preparation phase and RRC configuration
As shown in Figure 2, the support of RACH-less in LTM preparation and RRC configuration in the example CU/DU architecture is mainly in the follow steps:

2. In LTM preparation phase, 
2.1 via F1 the CU sends LTM preparation requests to the candidate DUs including timing offset check with CU time stamp. The timing offset check is also sent to the source DU.

2.2 the candidate DU sends acknowledgement back to the CU with its timing offset w.r.p.t. CU, SRSs associated with candidate beams and grant for first TX at the target cell. The source DU also responds with its timing offset w.r.p.t. CU.
2.3 the CU provide all the candidate DUs’ configurations including a TA network adjustment factor to the source DU.

3. The source DU performs RRC pre-configuration to the UE with the UE-based RACH configuration parameters including candidate cells/beams and associated SRSs, TA NW adj. factors, per candidate cell grants for first UL transmission.
6. Upon received the target cell access command, the UE transmits the target beam associated SRS, initial message based on the pre-configured grant following the target cell refence timing and TA.

Normally, source DU0 and target DU1 are not precisely synchronized. There is timing offset between the source DU and target DU, and the timing offset can change over the time. In addition, the fronthaul between the DU and the TRP as well as the air interface may also introduce asymmetric DL and UL propagation delay. The timing offset between the nodes (e.g., DUs) is mainly due to their local clock drifting. Clock drifting is normally a much slower process than mobility activities. Therefore, these factors are static or semi-static and they can be determined by the network at initial calibration and at the mobility preparation phase. At the LTM preparation phase, the CU can determine the timing offset between the source and candidate DUs by sending them timing offset checks with time stamp via F1 messages. Based on the source and candidate DUs’ timing offset reprots w.r.p.t. the CU, the CU determines the timing offset between the source and target DUs. The source and candidate DUs’ timing offset can be combined with other factors into a network TA adjustment factor by the CU. The network adjustment factor is sent to the source DU and configured to the UE by mobility RRC pre-configuration.  
Proposal 7: RAN2 assumes at the LTM preparation phase the CU determines the TA network adjustment factor which at least compensates the asynchronous source and target DUs’ timing offset, and the adjustment factor is configured to the UE through RRC LTM pre-configuration. 
It worth to note that the LTE supported RACH-less scenarios are also covered by the UE-based solution. The LTE preconfigured UL grant mechanism for RACH-less initial transmission to the target cell can be reused. The pre-configured UL grant is provided by each candidate cell. Then the UL grants associated with candidate cells are RRC pre-configured to the UE.
Proposal 8: The per-candidate cell grant for initial UL transmission is RRC pre-configured to the UE.
For RACH-less access to the target, there is no dedicated preamble to help indicating the UE selected final target beam to the target cell. One possible solution is to preconfigure the dedicated SRSs corresponding to the candidate beams to the UE. Upon receiving the cell switch command, the UE performs RACH-less access to the target node by directly transmitting the pre-granted first message, and the pre-configured SRS corresponding to the UE selected SSB or CSI-RS of the target beam. The SRS helps the target cell to determine the DL beam to be used for the UE as well as helps further target TA fine tuning at the target cell.

Proposal 9: Dedicated SRSs corresponding to each candidate beams are preconfigured to the UE. The SRS corresponding to the selected target beam is used by the UE for its initial transmission to the target cell.

Proposal 10:  Send an LS to RAN3 to inform them RAN2 agreements on dynamic mobility subsequent/delta configurations and UE-based RACH-less, and request RAN3 to support.
3 Conclusions

Based on the above discussion, we have the following observations:
Observation 1: If compliance check is performed late at the cell switch execution, in case non-compliance cell is selected as the target cell, all the efforts of measurement and report at the UE, as well as the cell/beam selection at the source cell are wasted. It causes more UE power consumption, delay, and resource loss.

Observation 2: Subsequent/delta configuration is required for candidate updates – removing the invalid ones, adding the new ones, and updating the remaining ones.

Observation 3: It is the CU making the decision to release or maintain the existing candidate cells, or add new candidate cells.

Observation 4: CU notifies its decision to all the involved candidate DU/cells.

Observation 5: It is the remaining old candidate DU/cell to determine whether to have delta configuration and send the delta configuration to the CU. 

Observation 6: The CU sends configurations of all the candidate DU/cells to the source DU/cell for it to conduct the UE configuration update.
Then we further have the following proposals:
Proposal 1: Support to perform early compliance check when the LTM RRC reconfiguration is received. 
Proposal 2: Full initial pre-configuration and subsequent/delta mobility configurations can be performed at any subsequent serving cell before triggering a cell switch and maintained valid for subsequent L1/L2 mobility activities.

Proposal 3: RAN2 assumes that the CU makes the decision to release or maintain the existing candidate cells, or add new candidate cells, and notifies all the involved DUs.

Proposal 4: RAN2 assumes that the remaining candidate DU/cell determines whether to have delta configuration and send the delta configuration to the CU. Then the CU sends the delta configuration to the source DU/cell. 
Proposal 5: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for subsequent cell switches. Source cell triggered and conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
Proposal 6: In sequential LTM pre-configuration, indicate the association of the candidate beam groups with candidate cells. After the UE HO into the target cell which is selected from a candidate cell by old source cell, the candidate cell changes its role to be the new source cell. The UE only performs the search and measurement on the candidate beam group associated with the new source cell.

Proposal 7: RAN2 assumes at the LTM preparation phase the CU determines the TA network adjustment factor which at least compensates the asynchronous source and target DUs’ timing offset, and the adjustment factor is configured to the UE through RRC LTM pre-configuration. 
Proposal 8: The per-candidate cell grant for initial UL transmission is RRC pre-configured to the UE.
Proposal 9: Dedicated SRSs corresponding to each candidate beams are preconfigured to the UE. The SRS corresponding to the selected target beam is used by the UE for its initial transmission to the target cell.
Proposal 10:  Send an LS to RAN3 to inform them RAN2 agreements on dynamic mobility subsequent/delta configurations and UE-based RACH-less, and request RAN3 to support.
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