3GPP TSG-RAN WG2 Meeting #120




R2-2212815
Toulouse, France, November 14~18, 2022
Agenda item:
8.4.2.1.1 (Characteristics and scenarios)
Source:
Samsung

Title:
Discussion on potential aspects for enhancement on LTM
Document for:
Discussion & Decision
1 Introduction
In RAN2#119bis-e, the following agreements were reached for the potential enhancement for LTM:

· No security update support in Rel-18 with L1/L2 based 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. 
· For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:

MAC/RLC reset (when configured) 

RF retuning (e.g. needed for inter-frequency), baseband retuning 

· R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 

- Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.

- Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
· L1L2 based mobility supports the following CA scenarios:

PCell change without SCell change
PCell change with SCell change
· Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 

Meanwhile, RAN1 reaches several agreements for the enhancements. In this contribution, we will further address the potential enhancements for LTM. 
2 Discussion
According to the component of mobility latency, the main contributors to the latency are the DL and UL synchronization. Thus, 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, which can be considered as a promising direction to reduce HO interruption time. 
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Fig. 1 Potential HO interruption reduction
However, the DL and UL synchronization is time-consumption operation. For example, according to R2-2209255, the time required for UE performing DL synchronization with a cell is 22ms for fine-tracking if the cell is known, and the DL syn. towards an unknown cell will take much longer time; for UL synchronization, the potential delay can be 19ms. Thus, before LTM command, the network needs configure enough time to UE to perform the DL and UL synchronization. This is challenge since the UE needs to stop the data communication with the source cell, especially for inter-freq cell switch. Thus, the gNB should configure a long gap for ensure the completion of DL and UL synchronization (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, to further reduce the configured gap, the efforts should be spent to reduce time consumed by the DL and UL synchronization before the LTM command. 

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

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.

For UL synchronization, the RACH based solution requires the UE to send the preamble in the PRACH resource first. This will take a long time for the UE since the UE needs wait until the PRACH resource is available. For RACH-less solution, the interruption may be shorter. However, RACH-less may not be the always case. 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) UE pre-configuration on 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: RAN2 is kindly asked to consider the following methods to reduce the interruption due to the DL/UL synchronization before LTM command:

· UE pre-configuration on 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
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 L1/L2 inter-cell mobility 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 2: TA group might be considered for L1/L2 mobility 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 consider the following methods to reduce the interruption due to the DL/UL synchronization before LTM command:

· UE pre-configuration on 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 2: TA group might be considered for L1/L2 mobility to avoid pre-synchronization with multiple candidate cells.
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