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Introduction
In RAN #97 e-meeting, a revised WID on further NR mobility enhancements was agreed [1]. In order to reduce the latency, overhead and interruption time, L1/L2 mobility enhancements, which enabling a serving cell change via L1/L2 signalling, were included. In RAN1#111 meeting, the following agreements on L1 measurements for inter-cell beam management were achieved [2]:
	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 
· For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved
Agreement
· Send an LS to RAN2, 3 and 4 to inform them of the agreements under A.I 9.12.1 and A.I. 9.12.2 at RAN1#111.

Agreement

· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP

Agreement
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 

Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 
Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 


In this contribution, our views on L1 measurement and reporting, and beam indication for inter-cell beam management are provided.
Discussion
In the last meeting, SSB has been agreed for candidate cell measurement for Rel-18 LTM. However, SSB is cell-specific configured, whose parameters (e.g. periodicity) are determined to balance the requirements of all the UEs within the cell. For those UEs requiring lower latency and higher measurement accuracy, short periodicty and large bandwidth of the measurement RS are preferred. According to the reply LS regarding L1 measurement and TCI state configurations from RAN2/3[2-3], it seems possible to share measurement RS configuration information among DUs. In order to fulfill the requirement of a specific UE, CSI-RS for mobility and CSI-RS for beam management of candidate cell(s) should be supported as measurement RS for more flexibility. 
Proposal 1: For L1 measurement, CSI-RS for mobility and CSI-RS for beam management of candidate cells should be additionally supported as measurement reference resources in Rel-18.

In the last meeting, the structure for L1 measurement configurations was discussed and the following four options were proposed:
· For Rel-18 LTM, further study the following structure for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· CSI-MeasConfig for serving cell and candidate cell(s), which requires inter-DU coordination
· For inter-frequency, at least the frequency information, SMTC or measurement gap (MG) with candidate cell are additionally introduced
· Option-2: Introduce a measurement configuration for candidate cell(s) [and serving cell], and the measurement configuration is decoupled with serving cell configuration.
· Separate CSI-MeasCofig is configured for candidate cell from the CSI-MeasConfig for serving cell
· Option-3: Use measurement configuration for each candidate cell
· L1 measurement resource set can be configured inside candidate cell configurations (i.e. ServingCellConfig or CellGroupConfig)
· Option-4: Do not include RS information or cell information in measurement configurations 
· For intra-frequency, neither SSB/RS indices nor PCI is configured. 
· For inter-frequency, neither SSB/RS indices nor PCI is configured, but frequency information is configured
In Rel-17 ICBM, the same CSI framework of Rel-15/16 is reused for L1 measurement configuration, where SSBs of different cells could be configured in the same resource set by CSI-MeasConfig. In our opinion, Rel-18 LTM could be regarded an extension of Rel-17 ICBM. And according to the reply LS mentioned above, inter-DU coordination seems possible which makes Option-1 feasible. Therefore, our preference is Opition-1.
Proposal 2: Regarding the structure for L1 measurement configurations for Rel-18 LTM, CSI measurement configuration specified in Rel-17 ICBM is reused (Option-1). 
In Rel-17 inter-cell beam management, only L1-RSRP is supported as the report quantity, which is used to obtain the beam information used for data transmission. For Rel-18 inter-cell mobility, the reported quantity is used for handover. In our opinion, L1-RSRP is not robust enough due to the one-shot/instantaneous measurement, which would result in frequent cell switch. If the L1-RSRP values of the serving cell and the candidate cell are similar, it is possible for UE to switch between these two cells back and forth. In our opinion, such kind of ping-pong effect should be avoided.
Proposal 3: Ping-pong effect needs to be solved to avoid frequent cell switch.

Some companies think even if ping-pong effect is an issue, it could be handled by gNB implementation. However, because the number of beams to be reported in a CSI reporting is limited, gNB could not obtain enough measurement results for filtering (especial spatial filtering). Some count measures are preferred at the UE side. To determine an accurate target cell, the L1 cell-level measurement could also be reported. In the legacy RRM procedure, both beam-level measurement result (L3-RSRP) and cell-level measurement result (spatial filtered L3-RSRP) could be reported. Similarly, in addition to L1-RSRP, L1 cell-level measurement, i.e. spatial filtered L1-RSRP should also be supported for inter-cell mobility. The spatial filtered L1-RSRP could be calculated by linear averaging of those L1-RSRPs above a configured threshold within a cell.

Observation 1: Since the number of beams to be reported in a CSI reporting is limited,  gNB could not obtain enough measurement results for filtering (especial spatial filtering) to deal with ping-pong effect.
Proposal 4: L1 cell-level measurement result, i.e. spatial filtered L1-RSRP, should be supported in addition to the beam-level L1-RSRP.

In Rel-17 inter-cell beam management, K is defined as the number of beams associated at least with candidate cell(s) reported in a single CSI reporting instance, which is configured by NW based on the UE capability. The maximum value of K is 4. Different to beam switch of Rel-17, Rel-18 aims for cell switch. It would be beneficial to increase the number of beams reported to allow the serving cell choosing a more proper target cell. In addition, even if the maximum value of K is increased, compared with the overhead of Type II CSI (e.g. hundreds of bits), the overhead of LTM (L1/L2-triggered mobility as defined by RAN2) reporting is much less as only wideband CSI (i.e. L1-RSRP, spatial filtered L1-RSRP, cell index, et, al.) is fed back. Therefore, PUCCH and PUSCH based report is enough in our point of view, and MAC-CE based report seems not necessary. 
Proposal 5: The maximum value of K, i.e. the number of beams associated at least with candidate cell(s) reported in a single CSI reporting instance, could be larger than 4.
Proposal 6: For NW initiated L1 measurement report, MAC-CE based report is not needed.

Based on previous agreement, L1-RSRP has been supported for intra-frequency measurement and also inter-frequency measurement from RAN1 point of view. As a better metric, L1-SINR could further reflect the interference in the cell, as it is defined as the ratio between signal power and interference. However, long term measurement is needed to get stable interference and then accurate L1-SINR. Otherwise, the L1-SINR result in a short measurement instance would be noisy and unpredictable. Considering the objective of Rel-18 LTM, for low latency, such long term measurement should be avoided. Therefore, the advantage of L1-SINR over L1-RSRP is not quite clear. On the other hand, additional IMR (interference measurement resource) may be configured for L1-SINR, which causes extra RS overhead. In our opinion, L1-SINR is not necessary for both intra-frequency and inter-frequency measurement.
Proposal 7: L1-SINR is not supported for both intra-frequency and inter-frequency measurement.

In order to reduce the overhead of signaling and UE power consumption, event-driven reporting has been supported in the L3-based beam measurement and reporting for handover. In L3-based beam measurement and reporting, event triggered beam reporting is configured by gNB in reportConfig. The event to trigger the reporting is also configured to UE through RRC signaling. UE performs cell/beam measurement on the configured reference signal (SSB/CSI-RS) and judges if the condition to trigger the event is fulfilled. If UE detects that the condition is satisfied and stays at this status for an amount of time that is called as “time to trigger” (TTT), UE will trigger an event reporting. This mechanism can be applied straightforward to Rel-18 LTM. For L3 event triggered report, six events have been specified as follows, where either absolute threshold or offset value is introduced:
· Event A1: Serving becomes better than absolute threshold;
· Event A2: Serving becomes worse than absolute threshold;
· Event A3: Neighbor becomes amount of offset better than PCell/PSCell;
· Event A4: Neighbor becomes better than absolute threshold;
· Event A5: PCell/PSCell becomes worse than absolute threshold1 and neighbor/Scell becomes better than another absolute threshold2;
· Event A6: Neighbor becomes amount of offset better than SCell.
The principle could be reused for LTM. For event-driven beam reporting in Rel-18, both L1-based event-driven beam reporting or MAC-CE based event-driven beam reporting could be considerred. For the former case, a periodic resource can be allocated for this reporting, since for event-driven beam reporting, the event to trigger the beam reporting is not predictable from gNB side. However, allocating periodic resource might cause a waste of resources. In our opinion, MAC-CE based event-driven beam reporting is preferred. A new MAC-CE can be designed. Similar to those of BFR MAC-CE, the new MAC-CE can be transmitted at the available PUSCH resource if the event to trigger the beam reporting is satisfied. If there are not available PUSCH resource, UE will send SR to request for available resources for PUSCH transmission. Upon the request gNB will send UL grant to allocate resources for PUSCH transmission. Then UE will use the allocated PUSCH resource to transmit the beam measurement results. The contents of the new MAC-CE include at least the measurement results (e.g. SSBRI, L1-RSRP, spatial filterred L1-RSRP if supported) and cell index of the selected candidiate cell. Further, in our opinion, event triggered reporting is a supplymentary method. Besides that, periodic/semi-persistent/aperidoic reporting is necessary to be configured by the network. It is benefical for the serving cell to monitor the performance of multiple cells. Therefore, we prefer to support simultaneous configuration of both event triggered and any of periodic/semi-persistent/aperiodic reporting.
Proposal 8: Event-trggered reporting should be supported in Rel-18 inter-cell mobility. The following details could be considerred:
· Reuse events defined for L3 event triggered report for Rel-18 LTM.
· Support MAC CE based event-driven beam reporting for Rel-18 LTM. And UE could send SR to request for available resources for PUSCH transmission when condition is met.
· Time to trigger is necessary for the robustness.
· The report quantities include at least the measurement results (e.g. SSBRI, L1-RSRP, spatial filterred L1-RSRP if supported) and cell index of the selected candidate cell.
· Support of simultaneous configuration of both event triggered and any of periodic/semi-persistent/aperiodic reporting.

According to the agreement of the last meeting, semi-persistant and aperiodic reporting on PUSCH have been supported. In Rel-17 ICBM, both periodic and semi-persistent reporting on PUCCH have been supported. Although there is an arguement on the reliability of PUCCH reporting (i.e. it is possible to drop the whole beam report in certain cases), the supportive of periodic reporting seems more important for gNB to monitor UE’s mobility. Furthermore, the dropping of beam report could be avoided by gNB scheduling. Therfore, periodic and semi-persistent reporting on PUCCH should also be supported in Rel-18 LTM.
Proposal 9: Periodic and semi-persistent reporting on PUCCH should also be supported in Rel-18 LTM.

Since SSB is periodic, for aperidic reporting, some kinds of UE may always measure these signals to prepare the report quantities before being triggerred. In Rel-17, up to 7 additional cells could be configured in a report setting. The power consumption of UE becomes significant due to the measurement of large number of SSBs. Based on the RRM results, it may be not necessary to measure each cell configured in the report setting. Therefore, it is beneficial to limit the measurement of SSBs of these cells. From our point of view, MAC-CE based measurement restriction scheme could be used. For example, based on reporing during RRM, measurements of one or multiple cells would be activated/deactivated by MAC-CE. For a report setting, if some configured SSBs belong to the deactived measurement configuations, they would not be measured and reported by UE. Considering the impact on UE reporting, the reported beams should belong to those activated measurement configurations configured in the report setting. As mentioned above, if CSI-RS for mobility and/or CSI-RS for beam management are supported in Rel-18, such MAC-CE activation/deactivation scheme could also be applied.
Proposal 10: MAC-CE can activate/deactivate the measurement of reference signals (e.g. SSB, CSI-RS for mobility, CSI-RS for beam management) for certain candidate cell(s).

Rel-18 LTM intends to choose a new target cell for the UE. In our opnion, before cell switch command, TRS tracking for candidate cell(s) is necessary to get QCL-typeA information for demodulation. In addition, CSI acquisition for candidate cells is also needed to enable appropriate MCS choice. Otherwise, performance of the first DL transmission at the new serving cell would be degraded. As cell switch may happen more frequently than legacy handover, such performance degradation should be avoided. In Rel-15/16, TRS and CSI reporting configurations of the target cell are RRC configured after handover. For Rel-18 LTM, it is beneficial to pre-configure both TRS and CSI reporting by RRC before cell switch command.
Proposal 11: TRS and CSI-RS for CSI of the candidate cell(s) could be pre-configured, and UE could perform TRS tracking and CSI acquisition before cell switch command.

As above, serving cell has to pre-configure CSI report settings corresponding to each potential target cells using RRC signalings. Each CSI report setting is associated with a CSI-RS resource setting, where a cell index should be explicitly or implicitly configured. This cell index denotes which cell the CSI report settting is associated with. If up to 7 candidate cells is supported as in Rel-18, RRC signaling overhead on CSI report settings for up to 7 candidate cells would be large. One solution is to dynamically associate a report setting to a cell. For one alternative, multiple cell indices instead of one cell index could be configured for each report setting. Before cell switch command, one of the cell index (i.e. the same cell index as that in cell switch command) is activated for CSI acquisition. It means that the CSI-RS resources within the CSI-RS resource setting associated with the CSI report setting belong to the cell with the activated cell index. As the cell index could be dynamically configured and activated for a CSI report setting, smaller number of CSI report settings could be configured by the serving cell.
Proposal 12: The multiple candidate cell indices can be configured for each CSI-RS resource setting and CSI reporting, and activated one before cell switch command for CSI acquisition.

Beam indication together with cell switch command (Scenario 2) was supported in the last meeting. The procedure is similar to those of the traditional beam indication, i.e. gNB configure a TCI state pool of M candidate cells through higher layer signaling. Then according to the measurement reports of the candidate cell, gNB will activate one or several TCI states from the configured TCI state pool through MAC-CE. Then, according to the agreement of RAN2, MAC-CE can be used to indicate both beam and cell switch. In Rel-17 ICBM, UE could receive data from the non-serving cell by beam indication without cell switch. If beam indication before cell switch command (Scenario 1) is also supported, switching from ICBM to LTM could be achieved. This is a beneficial case since beam switch may happen more dynamically than that of cell switch. Therefore, scenario 1 should also be supported in Rel-18.
Proposal 13: For beam indication timing for Rel-18 LTM, besides Scenario 2, beam indication before cell switch command (Scenario 1) should also be supported.

According to the ageement of RAN2, MAC CE is used as cell switch command to carry LTM related information. If scenario 1 is supported, the cell switch command may include cell index of the target cell and correponding TA value. If up to 7 candiate cells are supported, a 3-bit field could be used for cell index information. The TA value could be represented by the TEG ID, where a 2-bit field is required. For scenario 2, since the indicated TCI is associated with a candidate cell, explicit cell index information is not needed in the cell switch command. The cell switch command may include TCI state ID and correponding TA value. For example, a 3-bit field used for TCI indication and 2-bit field for TA indication are included.
Proposal 14: The contents included in the cell switch command are as follows:
· For scenario 1 (if supported), cell index of the target cell and correponding TA value are included
· For scenario 2, TCI state(s) of the subsequent transmission and correponding TA value are included

[bookmark: _GoBack]UE will perform cell switch upon the handover command and confirm to target cell for cell switch complete. One possible implementation for the confirmation (i.e. cell switch complete) is to send a message to the target cell with the indicated beam by the serving cell. The resources used to carry the confirmation message could be pre-configured by the serving cell before cell switch. 
Proposal 15: Confirmation (i.e. cell switch complete) to the cell switch command is sent to the target cell using the indicated beam by the serving cell. 

According to the agreement of the last meeting, if both serving cell and candidate cell support Rel-17 unified TCI framework, beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework. Considering current 5G deployment, there are also scenarios that both serving cell and candidate cell support only Rel-15 TCI framework. The performance of current network would be improved if Rel-18 LTM is also feasible in such scenarios. Thus, beam indication for Rel-18 LTM is designed based on Rel-15 unified TCI framework, if both serving cell and candidate cell support Rel-15 unified TCI framework. But for the case where serving cell and candidate cell support different TCI framework, we don't think it is a general network deployment. As extra specification effort is need, Rel-18 LTM should not support such scenario from our point of view.
Proposal 16: Beam indication for Rel-18 LTM is designed based on Rel-15 TCI framework, if both serving cell and candidate cell support Rel-15 TCI framework. Not support the case where serving cell and candidate cell support different TCI framework.

Conclusions
In this contribution, we discuss L1 enhancements for Rel-18 LTM. We have the following observation and proposals:
Observation 1: Since the number of beams to be reported in a CSI reporting is limited,  gNB could not obtain enough measurement results for filtering (especial spatial filtering) to deal with ping-pong effect.

Proposal 1: For L1 measurement, CSI-RS for mobility and CSI-RS for beam management of candidate cells should be additionally supported as measurement reference resources in Rel-18.
Proposal 2: Regarding the structure for L1 measurement configurations for Rel-18 LTM, CSI measurement configuration specified in Rel-17 ICBM is reused (Option-1). 
Proposal 3: Ping-pong effect needs to be solved to avoid frequent cell switch.
Proposal 4: L1 cell-level measurement result, i.e. spatial filtered L1-RSRP, should be supported in addition to the beam-level L1-RSRP.
Proposal 5: The maximum value of K, i.e. the number of beams associated at least with candidate cell(s) reported in a single CSI reporting instance, could be larger than 4.
Proposal 6: For NW initiated L1 measurement report, MAC-CE based report is not needed.
Proposal 7: L1-SINR is not supported for both intra-frequency and inter-frequency measurement.
Proposal 8: Event-trggered reporting should be supported in Rel-18 inter-cell mobility. The following details could be considerred:
· Reuse events defined for L3 event triggered report for Rel-18 LTM.
· Support MAC CE based event-driven beam reporting for Rel-18 LTM. And UE could send SR to request for available resources for PUSCH transmission when condition is met.
· Time to trigger is necessary for the robustness.
· The report quantities include at least the measurement results (e.g. SSBRI, L1-RSRP, spatial filterred L1-RSRP if supported) and cell index of the selected candidate cell.
· Support of simultaneous configuration of both event triggered and any of periodic/semi-persistent/aperiodic reporting.

Proposal 9: Periodic and semi-persistent reporting on PUCCH should also be supported in Rel-18 LTM.
Proposal 10: MAC-CE can activate/deactivate the measurement of reference signals (e.g. SSB, CSI-RS for mobility, CSI-RS for beam management) for certain candidate cell(s).
Proposal 11: TRS and CSI-RS for CSI of the candidate cell(s) could be pre-configured, and UE could perform TRS tracking and CSI acquisition before cell switch command.
Proposal 12: The multiple candidate cell indices can be configured for each CSI-RS resource setting and CSI reporting, and activated one before cell switch command for CSI acquisition.
Proposal 13: For beam indication timing for Rel-18 LTM, besides Scenario 2, beam indication before cell switch command (Scenario 1) should also be supported.
Proposal 14: The contents included in the cell switch command are as follows:
· For scenario 1 (if supported), cell index of the target cell and correponding TA value are included
· For scenario 2, TCI state(s) of the subsequent transmission and correponding TA value are included
Proposal 15: Confirmation (i.e. cell switch complete) to the cell switch command is sent to the target cell using the indicated beam by the serving cell. 
Proposal 16: Beam indication for Rel-18 LTM is designed based on Rel-15 TCI framework, if both serving cell and candidate cell support Rel-15 TCI framework. Not support the case where serving cell and candidate cell support different TCI framework.
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