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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]According to the WID of Further NR mobility enhancements [1], one of the objectives is L1/L2 based inter-cell mobility to reduce the mobility latency as below and L1 enhancements are included in:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
Note 2: FR2 specific enhancements are not precluded, if any.
[bookmark: OLE_LINK2]Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


RAN2 sent LS to RAN1 in [2], and there were 2 email discussions after RAN2 #119e meeting, with moderator proposals captured in [3] and [4]. As captured in P2 of [3], it is assumed that DL synchronization, UL synchronization, TRS tracking and CSI-RS measurements (FFS) are already included in current interruption model as shown in Figure 1, which is within the scope of enhancements.  
[image: ]
L3 handover model
Based on the above information, we provide our views on the following aspects to facilitate L1/L2 mobility in this contribution:
· L1 measurement and report.
· TRS tracking and CSI measurement.
· L1/L2 cell switch command
L1 measurement and report 
In Rel-17 inter-cell beam management, L1 measurement and report for candidate cell(s) support intra-frequency and synchronization scenarios. In Rel-18 L1/L2 mobility, inter-frequency and synchronization scenario also needs to be considered. Although the WID scope includes inter and intra-frequency scenarios, considering Rel-17 unified TCI framework and inter-cell beam management is based on intra-frequency, from project management point of view initially focusing on the intra-frequency scenarios would be a good choice. And, it can be extended or enhanced to support the inter-frequency scenario later.
For L1 measurement and report, initially focus on intra-frequency scenarios.
DL measurement and report
In Rel-17 inter-cell beam management, L1 measurement and report framework is a combination of the configuration of candidate cell(s) and CSI framework.  And in the configuration of candidate cell(s), only measurement RS configuration and a physical cell identifier is included. According to the reporting configuration in CSI framework, measurement RS resource index, reporting metrics, reporting contents, and UL resource to carry the report can be determined by UE. As for the actual measurement resource, combined with the physical cell identifier associated with the measurement RS resource index, the configuration of the corresponding candidate cell could be selected and the measurement RS configuration could be determined. For intra-frequency scenarios, the Rel-17 L1 measurement and report framework can be reused completely for Rel-18 L1/L2 mobility. To support inter-frequency scenarios, additional information needs to be introduced in the configuration of candidate cell(s), such as frequency indicator.
Support Rel-17 ICBM measurement and report framework as the baseline, some additional information needs to be introduced to support inter-frequency scenario, e.g., frequency indicator.
In Rel-17, beam measurement for candidate cell(s) is performed on SSB only, which means the DL/UL signals from the candidate cell(s) must be QCLed with SSB. To relax the limitation, the CSI-RS for beam management can also be supported in Rel-18 L1/L2 mobility. Besides beam measurement, L1 measurement on TRS and CSI-RS for CSI for candidate cells should also be considered.
Support DL measurement and report of candidate cells based on SSB, CSI-RS for beam management, TRS and CSI-RS for CSI.
In Rel-17, the maximum number of configured candidate cells is 7 and up to 4 resource indices can be reported in a report instance. In Rel-18 L1/L2 mobility, to guarantee the reliability of handover, the number of candidate cells that the UE needs to detect by L1 measurement may be greater than 7, and the number of reported beams also needs to be increased. As for the actual value, it needs further discussion. As for reporting metrics, besides L1-RSRP already supported in Rel-17, we think the interference caused by neighbor cells also needs to be considered. 
Support larger than 4 maximum number of the reported beams for L1 report and the actual value is FFS.
For reporting metrics, both L1-RSRP and L1-SINR should be considered.
To save resources and UE power consumption for periodic reporting, event-triggered beam report should be supported in Rel-18 L1/L2 mobility. For example, when the best SSB RSRP of candidate cell(s) is sufficiently better than that of the serving cell, UE triggers a beam report to inform the network. The report may contain the candidate cell identifier, measurement resource indices and corresponding measurement value. 
Support event-triggered beam reporting to save resources and UE power consumption.
UL measurement
According to LS from RAN2 [3], measurement delay shall also be considered. When DL measurement for candidate cell(s) is performed, if the candidate cell is unknown, UE needs to monitor PSS and CSS to achieve rough DL synchronization. After DL synchronization, L1 measurement based on the measurement RS resource can be executed. And, according to the RAN4 requirement on L1 measurement, the final L1 measurement value of a measurement RS is obtained by N measurements, where N equals 8 for SSB. In addition, when SSBs from the candidate cell(s) for L1 measurement overlap with that of the serving cell, a sharing factor is determined and applied to relax the requirement, which means the measurement delay would increase a lot. Combined with the above analysis, it can be seen that the DL measurement has a large delay and requires a high computing capability on UE, especially when the number of candidate cells for L1 measurement is large. 
DL measurement causes a large delay and requires a high computing capability on UE, especially when the number of candidate cells for L1 measurement is large.
In contrast, UL measurement can avoid the above issues. For UL measurement, UE transmits UL signals, e.g., SRS based on the timing assumption of the serving cell, and candidate cells monitor the UL signals according to the configuration of UL signals forwarded from the serving cell.  Candidate cells transmit their measurement value to the source cell, and then the source cell makes the handover decision. Thus, the UE measuring the DL signals from multiple cells is changed into the gNB detecting the uplink signals from multiple UEs. Due to the processing and computation capability of the gNB being much greater than that of UE, UL measurement is more promising.
Support UL measurement to reduce measurement delay and UE computation complexity.
TRS tracking and CSI report
According to LS from RAN2 [3], HO interruption time for L1/L2-based inter-cell mobility is the time from UE receiving the cell switch command to UE performing the first DL/UL reception/transmission on the indicated beam of the target cell. And whether the TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam needs further discussion. 
Besides spatial information, DL/UL reception/transmission on the indicated beam also means that UE receives/transmits based on the time-frequency offset estimated by the QCL source reference signal. Whether in TCI framework in Rel-15 or unified TCI framework in Rel-17, the QCL-type A source reference signal for PDCCH/PDSCH can only be TRS. Therefore, from the definition of the HO interruption time, TRS tracking after HO should also be included for L1/L2 mobility. From the performance analysis of time-frequency offset estimation, the accuracy of time-frequency offset estimated by TRS is much higher than that of SSB, since the bandwidth of the TRS is much larger than that of SSB. Without successful TRS tracking, the reliability of UE receiving the first DL signals only based on time-frequency offset estimated by SSB involved in the RACH procedure may be decreased.  To improve the reliability of the first DL reception, TRS tracking should be included in the HO interruption for L1/L2 mobility.
As for CSI measurement and report, it is also necessary to be included in the HO interruption model for L1/L2 mobility. If not, to guarantee transmission reliability, lower MCS may be used for the first DL/UL reception/transmission. Thus, the transmission efficiency would be lower.
In our understanding, the pursuit of L1/L2 mobility is to maintain high data transmission efficiency and reliability in the process of fast cell switch. To pursue the purpose, the TRS tracking and CSI report is an essential part and cannot be excluded.
In the legacy HO procedure, TRS tracking after HO and CSI RS measurement is included in the HO interruption model for L1/L2 mobility.
To improve the data interruption, early TRS tracking and CSI measurement and report for candidate cells could be considered. In Rel-17, configuring the SSB(s) from candidate cell(s) as the QCL source reference signal for TRS and CSI-RS for CSI is supported. When scheduling downlink data from the candidate cell, it can be transmitted based on the CSI calculated by the CSI-RS, and UE can receive the downlink data based on the time-frequency offset estimated by the TRS. 
Support early TRS tracking and CSI measurement to improve the data interruption. 
L1/L2 cell switch command
Inter-cell beam indication
In Rel-17, unified TCI framework is introduced and inter-cell beam management is based on unified TCI framework. In unified TCI framework, two beam indication mechanisms are supported: MAC CE-based beam indication and MAC CE+DCI -based beam indication. The difference between them is only one TCI state can be activated by MAC CE in the former, while up to 8 TCI states can be activated by MAC CE and then one of them is selected by DCI in the latter. In inter-cell beam management, AddtionalPCIIndex is introduced in TCI state to support inter-cell beam indication. 
AddtionalPCIIndex is introduced in TCI state to support inter-cell beam indication in Rel-17.
Since handover is not considered in Rel-17 inter-cell beam management, when the indicated TCI state is associated with a PCI different from that of the serving cell, channels/RSs associated with the CORESET associated with type0/0A/1/2 CSS always cannot follow it. In this case, the QCL assumption of the channels/RSs would be indicated by Rel-15/16 beam indication mechanism. For example, if followUnifiedTCIstate is not configured in CORESET#0, the QCL assumption of it is indicated by MAC CE and the TCI state indicated in the MAC CE always associates with the serving cell PCI.
Legacy signaling does not indicate handover and needs enhancement. 
In Rel-18 L1/L2 mobility, inter-cell beam indication is also needed. We can start our discussion with R17 inter-cell beam indication as the baseline, and then consider potential enhancements to support Rel-18 L1/L2 mobility. When reusing Rel-17 inter-cell beam indication as cell switch command, the first issue is to distinguish whether the command is used to indicate cell switch or inter-cell beam switch. A straightforward way is to allow the TCI state indicated in the MAC CE used to determine the QCL assumption of CORESET#0 to be associated with a PCI from that of the serving cell. Only when the TCI state indicated in the MAC CE is associated with a PCI different from that of the serving cell, the handover procedure will be executed. Another issue is Rel-17 inter-cell beam indication is only considered for the intra-frequency scenarios, additional information may need to be introduced in the TCI state to support inter-frequency scenarios, e.g., frequency indicator.
Support reusing Rel-17 ICBM beam indication with necessary enhancements for L1/L2 mobility indication.:
Timeline of the command
In Rel-17 unified TCI framework, the indicated TCI state can be applied in the first slot after at least 3ms or Y symbols after the last symbol of the acknowledgment of beam indication. In Rel-18 mobility, to align the beam application time and avoid invalid transmission, the timeline of the beam indication is necessary. Compared with the timeline determined in Rel-17, the application time of the indicated TCI state in Rel-18 needs to be extended to support different application scenarios, such as in intra/inter-DU and intra/inter-frequency. 
The application time of the indicated TCI state in command needs to be enhanced to support different application scenarios, such as in intra/inter-DU and intra/inter-frequency.

Conclusions 
1. DL measurement causes a large delay and requires a high computing capability on UE, especially when the number of candidate cells for L1 measurement is large.
In the legacy HO procedure, TRS tracking after HO and CSI RS measurement is included in the HO interruption model for L1/L2 mobility.
AddtionalPCIIndex is introduced in TCI state to support inter-cell beam indication in Rel-17.
Legacy signaling does not indicate handover and needs enhancement. 
1. For L1 measurement and report, initially focus on intra-frequency scenarios.
Support R17 ICBM measurement and report framework as the baseline, some additional information needs to be introduced to support inter-frequency scenario, e.g., frequency indicator.
Support DL measurement and report for candidate cells based on SSB, CSI-RS for beam management, TRS and CSI-RS for CSI.
For reporting metrics, both L1-RSRP and L1-SINR should be considered.
Support larger than 4 maximum number of the reported beams for L1 report and the actual value is FFS.
Support event-triggered beam report to save resources and power consumption.
Support UL measurement to reduce measurement delay and UE computation complexity.
Support early TRS tracking and CSI measurement to improve the data interruption. 
Support reuse R17 ICBM beam indication with necessary enhancements for L1/L2 mobility.
1. 
1.1. 
The application time of the indicated TCI state in command needs to be enhanced to support different application scenarios, such as in intra/inter-DU and intra/inter-frequency.
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