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1 Introduction
In RAN2#120, the following agreements were reached for LTM operations before cell switch:

	· RAN2 assumes that LTM (intra DU and inter DU) is network-controlled mobility where the control is from the source, i.e. measurements (L1 measurements) are configured in the UE from the source Cell, and the decision to switch cell is by the source cell, and enhancements considered for LTM before cell switch, e.g. pre-synchronization, TA handling, target beam mgmt (to the extent it is supported) may be by the source cell. RAN2 understands that this may require cooperation source DU CU target DU and/or OAM coord. RAN2 don’t see any blocking issue to share information between DUs but the support of this is in RAN3 domain. RAN2 see no necessity for a direct inter-DU-interface to support this. 


Meanwhile, RAN1 reaches several agreements to handle the operations before cell switch, . 

	· Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.
· Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM

· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command

· Further study the necessary mechanism, e.g. signaling and UE capability

· Agreement
· On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
·    The PDCCH order is only triggered by source cell
·    FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
·    Note: any other RACH-based solutions are for discussion separately
· Agreement (Made in RAN1#110b-e)

· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)


In general, the essential reason for LTM on handover interruption reduction is that the UE can perform the handover related operations before cell switch. Thus, in this contribution, we will further address the aspects before cell switch, mainly containing two aspects:

· Service interruption reduction before cell switch
· TA acquisition before cell switch
2 Discussion

2.1 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: 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.

In last RAN1 meeting (RAN1#112), RAN1 agreed to support the PDCCH ordered RACH 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 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

2.2 TA acquisition before cell switch

RAN1 has agreed to support TA acquisition via PDCCH ordered RACH before cell switch, i.e.,

	Agreement

· For PDCCH ordered RACH in LTM, at least the following enhancements are supported

· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order

· FFS: whether/how to transmit RAR
Agreement

· On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study

· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command

· Alt 3: whether RAR is needed can be configured
Agreement

· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell


The basic procedure is shown in Fig. 2, i.e., the UE sends the preamble towards the candidate cell over the RACH Occasion (RO), which is indicated by the PDCCH order from the source cell. To derive the TA, the legacy RACH procedure assumes that the UE has to receive the RAR from the cell toward which the preamble is sent. However, in LTM case, the UE still keeps the connection to the source cell rather than LTM candidate cell before cell switch. Thus, RAR reception deserved further discussions. 
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Fig. 2 PDCCH ordered RACH for LTM
Till now. RAN1 already lists three alternatives: 1) Alt. 1: RAR is needed, 2) Alt. 2: RAR is not needed, where TA value of candidate cell is indicated in cell switch command, and 3) Alt. 3: whether RAR is needed can be configured. To make decision, one fundamental issue is the cell used for the TA (RAR) transmission. This can be discussed by considering the architecture of gNB. 

· Aggregated gNB or intra-gNB-DU case 

In this case, the source cell and LTM candidate cell is collocated. After the LTM candidate cell derives the TA, the source cell can fetch this value via internal interaction and send to the UE so that source cell can be used for TA (RAR) transmission. 

Observation 6: In case of aggregated gNB or intra-gNB-DU, the UE can receive the TA(RAR) from the source cell. 

· Inter-gNB-DU case
In this case, the TA value is derived at the candidate gNB-DU where the LTM candidate cell is located. If the source cell is responsible for TA(RAR) transmission, the candidate gNB-DU should forward the calculated TA value to the source gNB-DU before cell switch. Such requirement may not be always achievable since 1) the TA value forwarding from candidate gNB-DU to source gNB-DU via gNB-CU is time-consuming, while 2) the LTM command is sent completely according to source gNB-DU decision. Thus, the UE may miss the TA(RAR) before cell switch if receiving it from source cell. On the other hand, if the LTM candidate cell is responsible for TA(RAR) transmission, the UE has to stay at the LTM candidate cell when TA(RAR) is transmitted. Since both UE and source gNB/gNB-DU has no idea on when the TA(RAR) is derived at the LTM candidate cell, the UE cannot perform communication at the source cell before receiving TA(RAR). Thus, the TA(RAR) reception via target cell may result in large interruption with the source cell. Moreover, if the UE performs the TA acquisition from multiple LTM candidate cells before the cell switch, it has to stop the communication with source cell by much longer period since it has to receive TA(RAR) from LTM candidate cells one-by-one. 

Observation 7: In case of inter-gNB-DU, the UE may miss the TA(RAR) if receiving it from source cell or may encounter large interruption time if receiving it from the LTM candidate cell.

Proposal 3: RAN2 is kindly asked to discuss the location for TA reception (i.e., source cell or LTM candidate cell) considering two cases: 1) aggregated gNB and intra-gNB-DU, and 2) inter-gNB-DU. 
Except TA value, the legacy RAR also contains the UL grant, which is used by UE to transmit its first UL data after UL synchronization with target cell during HO. For LTM cell switch, RAN2 already agreed:
	· UE arrival in the target cell need to be indicated (somehow)


Thus, such UL grant can be used to indicate the arrival in the target cell. However, the resource indicated by such UL grant should appear after LTM command. For aggregated gNB and intra-gNB-DU case, the UL grant at LTM candidate cell can be generated when sending the LTM command. However, for inter-gNB-DU case, the candidate gNB-DU has no idea on when the LTM command is sent. Thus, some mechanisms are needed. 

Proposal 4: RAN2 is kindly asked to discuss whether and how to receive UL grant for LTM candidate cell considering two cases: 1) aggregated gNB and intra-gNB-DU, and 2) inter-gNB-DU.
In addition, synchronization with all candidate cells will increase UE capability and UE’s data transmission might be influenced if the candidate cell is inter-frequency. We suggest the LTM candidate cells could be classified into different groups with a Group ID, each group using the same Timing Advance value, like TA group in CA. In this case, once the UE is synchronized with one cell in a group, it can derive the TA of each candidate cell in such group. Thus, when UE receives cell switch command, UE could determine TA value of the target cell according to which group the target cell belongs to. 
Proposal 5: TA group might be considered for LTM to avoid pre-synchronization with multiple candidate cells.
Conclusion

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

Proposal 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 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

Proposal 3: RAN2 is kindly asked to discuss the location for TA reception (i.e., source cell or LTM candidate cell) considering two cases: 1) aggregated gNB and intra-gNB-DU, and 2) inter-gNB-DU. 
Proposal 4: RAN2 is kindly asked to discuss whether and how to receive UL grant for LTM candidate cell considering two cases: 1) aggregated gNB and intra-gNB-DU, and 2) inter-gNB-DU.
Proposal 5: TA group might be considered for LTM to avoid pre-synchronization with multiple candidate cells.
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