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1 Introduction
In this contribution, we will further address the issues during the LTM procedures
2 Discussion

· Issue 1: service interruption reduction before cell switch
During LTM, if the DL and UL synchronization with the target cell can be completed before receiving the LTM command, the HO interruption time could be reduced to Tfirst-data + Tprocessing,2 +Tcmd, shown in figure 1. However, the DL and UL synchronization is time-consuming operation. For example, according to R2-2209255, the UE needs take 22ms for DL synchronization with a known cell and take much longer time for an unknown cell; moreover, the UE may take 19ms for UL synchronization. To carry out DL/UL synchronization with candidate cell(s), the UE needs to stop the data communication with the source cell, especially for inter-freq cell switch. Specifically, the gNB should configure a time gap to ensure the completion of DL and UL synchronization (the legacy measurement gap may not be long enough). In other words, performing DL and UL synchronization before LTM command does not essentially reduce the interruption time. 

Observation 1: the DL and UL synchronization before LTM command needs a gap much larger than measurement gap, which does not essentially reduce the interruption time. 

Thus, the efforts should be spent to reduce time consumed by the DL and UL synchronization before the LTM command. 

Proposal 1-1: RAN2 is kindly asked to discuss the reduction of interruption caused by the DL/UL synchronization towards the target cell before LTM command. 
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Fig. 1 Potential HO interruption reduction
For DL synchronization, the UE needs perform the coarse synchronization via SSB and fine synchronization via tracking RS. The resource configurations of SSB and tracking RS are cell specific. If the UE can know such resource configuration, the gNB can configure a short time interval for SSB/tracking RS reception, e.g., the gap is configured when SSB/tracking RS of candidate cell appear. 

Observation 2: the knowledge of SSB/tracking RS configuration in candidate cell can reduce the interruption caused by the DL synchronization.

As agreed by RAN1, the PDCCH ordered RACH is supported to acquire the TA before cell switch. This will take a long time for the UE since the UE needs wait until the PRACH resource is available. In order to reduce the interruption due to RACH, the gNB can configure the gap when PRACH resource appears. In this sense, the interruption caused by UL synchronization can be reduced since the UE can continue the data transmission with the source cell before the appearance of PRACH resource of target cell. 

Observation 3: the knowledge of PRACH resource configuration in candidate cell can reduce the interruption caused by the UL synchronization. 

In Rel-18, the intra-gNB case is the focus. Thus, the gNB knows the resource configuration of SSB/tracking RS/PRACH and it can configure those to the UE when pre-configuring the candidate cells. After that, the gNB may configure accurate gap(s) for DL/UL synchronization, which matches to the resource of SSB/tracking RS/PRACH of candidate cell. Such configured gap(s) can be shorter than the case without any knowledge of SSB/tracking/PRACH and can be different for different candidate cell(s). This is different from the legacy measurement gap design. Specifically, for measurement gap, the UE performs the blind detection of the cell since it has no knowledge on the location of resource used for synchronization. To avoid large interruption with source cell, the network cannot configure long time period for measurement gap. However, in LTM case, to reduce the interruption towards source cell, the gNB can perform adaptive gap configurations, i.e., configure different gaps for different target cells since the length of each gap is set according to the resource configuration of SSB/tracking RS/PRACH.  With such adaptive gap configuration, the gNB can further indicate the candidate cell applicable for each gap so that the UE can perform DL/UL synchronization according to the corresponding cell’s resource configuration. 

Observation 4: with the knowledge of SSB/tracking RS/PRACH configuration in candidate cell, the gNB can adaptively configure gaps for different candidate cell(s) to help DL/UL synchronization with short interruption. 

Moreover, before the cell switch, the UE may perform the candidate cell measurement for some time. During the measurement, the UE may perform DL synchronization with candidate cell. For example, before configuring the LTM candidate cell, the UE may use measurement gap to perform the measurement of the candidate cell. During those procedures, the UE may already achieve DL synchronization. Such state can help the reduction of the gap configuration. Another example is that after some adaptive gaps, the UE may also reach to a certain synchronization state (e.g., DL coarse syn., DL fine coarse syn., Preamble sent out, etc) with the target cell. Those states can help the gap configuration at the UE side. Thus, the UE synchronization states can help the adaptive gap configuration. 

Observation 5: the synchronization state of UE can help the configuration of adaptive gap. 

With the above observations, the following aspects can be taken into account to reduce the interruption time if performing DL/UL synchronization before LTM command: 1) pre-configuration of the resource configuration of SSB/tracking RS/PRACH of the candidate cell, 2) adaptive gap configuration to UE for DL/UL synchronization, 3) UE synchronization state notification to gNB. 

Proposal 1-2: RAN2 is kindly asked to consider the following methods to reduce the interruption due to the DL/UL synchronization before LTM command:

· Pre-configuration of the resource configuration of SSB/tracking RS/PRACH of the candidate cell

· Adaptive gap configuration to UE for DL/UL synchronization

· UE synchronization state notification to gNB

· Issue 2: Candidate cell configuration

A common understanding on LTM procedure is that the gNB(-CU) will configure a list of LTM candidate cells to the UE. However, the number of candidate cells may be restricted due to:

· The UE capability

· The impact to ongoing communication between the serving cell and UE. Before LTM command, the UE needs perform additional operations towards the candidate cells, e.g., DL/UL synchronization, DL measurement, etc. Those operations may be timing consuming, especially for the inter-freq candidate cells, which causes the interruption towards the serving cell.

Thus, it is beneficial to only configure a limited number of LTM candidate cells. 

Proposal 2-1: RAN2 is kindly asked to agree that the number of configured LTM candidate cells is limited.
In case of CU-DU split, the gNB-CU may trigger the LTM candidate cell preparation procedures towards both serving gNB-DU and non-serving gNB-DU(s).  However, the final configured LTM candidates are determined by gNB-CU. Thus, a potential case is that the gNB-CU prepares 10 candidate cells, while it finally configures 8 to the UE by considering, e.g., load status, measurement results, etc., of each candidate cells. This is also similar to legacy HO, i.e., the source gNB can prepare multiple target cells, and only one of them is selected as the final target. 

Proposal 2-2: RAN2 is kindly asked to agree that the configured LTM candidate cells can be a subset of the prepared LTM candidate cells. 
· Issue 3: Compliance check perspective

The other aspect to be considered, is how to do compliance check for the configuration of the candidate cells for LTM. There could be 3 options for each RRC model. 

· Option 1: Do compliance check upon receiving LTM configuration 

· Option 2: Do compliance check upon LTM execution/triggering

· Option 3: Do compliance check based on UE implementation.

Option 1 would have the risk of taking some time to handle the unnecessary failure, assuming some of LTM configurations might not be used forever and UE is unable to comply with them. However we don’t know whether some LTM configuration is not needed forever in the practical deployment. Option 2 has the opposite position that there is no time consuming on configuration phase, but there would be interruption when LTM is triggered, and UE cannot comply with the indicated configuration. This case is the worst case in our view by considering that LTM has the purpose that fast cell switch based on the beam quality measurement with the least RRC signaling intervention. Configuration phase can bear some interruption but cell switch execution needs to be swift. Option 3 might be bought by the UE vendor, however, preventing unnecessary interruption during cell switch could be the strongest demand of the design.

Proposal 3-1: RAN2 agree that UE does compliance check on the LTM configuration upon receiving LTM configuration.

· Issue 4: simultaneous triggering of LTM and L3 handover 

Now that, we have two methods for performing mobility, one through L3 and other LTM. So we have a question on whether both can be configured together.

Since LTM is not supported for Inter-gNB mobility, it would be needed that mobility to some of the cells could be through L3 mobility and mobility to some other cells could be due to LTM.  This also means that there could be separate measurement configurations for L3 and L1 measurements. We also note that there is a RAN2#120 agreement to include measConfig IE in LTM candidate configuration.

Now we may also have a question, whether the UE is required to perform both L1 and L3 measurements for the same cell. Since the L1 mobility execution is controlled by DU and L3 mobility execution is controlled by CU, strictly speaking, it may not be beneficial to have two different methods to move to the same cell. There could be concurrency issues arising out of this. Anyways, if such a configuration is allowed, there may be preferably some synchronization in configuration (by the gNB implementation, may be) such that UE doesn’t perform separate measurements for LTM and L3 mobility in the same cell. However, we think this alignment is just a NW implementation issue.

Proposal 4-1: Both LTM and L3 HO independently configured and triggered by each anchor point.
· Issue 5: LTM failure case 

For LTM failure handling, we first need to determine which timer is used for LTM. LTM mechanism is also similar with CHO so T304 timer approach would be simply applied to the LTM as well. However, it would be also fine to define the new T304-like timer because LTM may require only short handover duration compared with the legacy handover.

Proposal 5-1: Introduce the new T304-like timer for LTM.

If handover is failed for certain reason (e.g. T304-like timer expire, RACH fail, etc.), the following UE operation needs to be determined. Since LTM has many similarity with CHO, it would be beneficial to introduce the UE behavior on the LTM failure. 

· Fallback to the source cell if LTM fail and source cell needs to keep the LTM configuration.
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
Proposal 5-2: Define the LTM failure procedure similarly with CHO.

· Fallback to the source cell using configuration prior to LTM execution
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
· Initiate the MCG Failure Information, SCG Failure Information procedures

Since both LTM and L3 HO can be configured independently, it would be possible that some of the neighbor frequencies or neighbor cells will not be configured with L3 measurement configurations. To enable the network to move the UE to the right cell, UE may report L1 measurements configured for LTM in MCGFailure and SCGFailure messages. 

Proposal 5-3: UE may report L1 measurements for LTM in MCGFailure and SCGFailure messages. 

In addition, we think it would be also beneficial to introduce the HO failure report for LTM because CU could know if the LTM was triggered for this UE and some LTM failure information (e.g. target LTM cell index, etc.) is helpful for NW operation. Legacy RRC message (i.e. UEInformationResponse) could be used for this purpose or it is also possible to introduce the new signaling (RRC or MAC CE).

Proposal 5-4: Introduce the LTM handover failure report after connecting to the cell.
Before LTM failure, the UE may derive some DL/UL synchronization information of the candidate cells. If the UE selects one of the candidate cells after failure, the information derive before failure can facilitate the recovery, e.g., skip the RACH towards the selected cell if the TA is still valid.
Proposal 5-5: RAN2 is kindly asked to discuss the potential information used for speeding up RRE procedure after failure.  
Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:

· Issue 1: service interruption reduction before cell switch
Proposal 1-1: RAN2 is kindly asked to discuss the reduction of interruption caused by the DL/UL synchronization towards the target cell before LTM command. 

Proposal 1-2: RAN2 is kindly asked to consider the following methods to reduce the interruption due to the DL/UL synchronization before LTM command:

· Pre-configuration of the resource configuration of SSB/tracking RS/PRACH of the candidate cell

· Adaptive gap configuration to UE for DL/UL synchronization

· UE synchronization state notification to gNB

· Issue 2: Candidate cell configuration

Proposal 2-1: RAN2 is kindly asked to agree that the number of configured LTM candidate cells is limited.

Proposal 2-2: RAN2 is kindly asked to agree that the configured LTM candidate cells can be a subset of the prepared LTM candidate cells. 

· Issue 3: Compliance check perspective

Proposal 3-1: RAN2 agree that UE does compliance check on the LTM configuration upon receiving LTM configuration.

· Issue 4: simultaneous triggering of LTM and L3 handover 

Proposal 4-1: Both LTM and L3 HO independently configured and triggered by each anchor point.
· Issue 5: LTM failure case 

Proposal 5-1: Introduce the new T304-like timer for LTM.

Proposal 5-2: Define the LTM failure procedure similarly with CHO.

· Fallback to the source cell using configuration prior to LTM execution
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
· Initiate the MCG Failure Information, SCG Failure Information procedures

Proposal 5-3: UE may report L1 measurements for LTM in MCGFailureInformation and SCGFailureInformation messages. 

Proposal 5-4: Introduce the LTM handover failure report after connecting to the cell.
Proposal 5-5: RAN2 is kindly asked to discuss the potential information used for speeding up RRE procedure after failure.
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