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Introduction
In earlier NR releases, inter-cell mobility (handover) is triggered by L3 measurements and involves RRC signaling for Reconfiguration with Synchronization, which involves a complete L1 and L2 reset. This leads to longer latency, and larger overhead. To streamline the handover process L1/L2-based mobility is being introduced in the Rel-18 [1], with the following objective

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.
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

In this contribution we present Samsung’s views on L1 enhancements to inter-cell beam management to support L1/L2 mobility. 
Discussion
Enhancements to L1 measurements and reporting
In Rel-17, it has been agreed to use the SSB associated with the PCI of a cell that is different from the PCI of the serving cell for beam measurement report.

Agreement (RAN1#107-e)
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP

Furthermore, it has been agreed in Rel-17 for ICBM that the beam report includes K SSBRI-RSRP pairs, the RSRP of the first pair is a 7-bit absolute value, and the remaining K-1 pairs have a 4-bit differential RSRP. K can be up to 4.

Agreement (RAN1#107-e)
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, Rel-15 L1-RSRP reporting format is reused for all SSBRI-RSRP pairs in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP

The same framework can be used for L1 intra-frequency measurement as well L1 inter-frequency. L1 measurement can be designed to include both L1 intra-frequency measurements and L1 inter-frequency measurement, or two separate L1 measurement reports can be provided, one for L1 intra-frequency measurements and the other for L1 inter-frequency measurements. A potential advantage of having separate reports is that the timing of inter frequency measurement and intra-frequency measurement can be different based on the time of the measurement gap and SMTC. Such a decision can be made after the RAN4 reply to RAN1 LS (R1-2210727).
Proposal 1: Study the following alternatives for the L1 measurement report taking into account the timing of respective measurements:
· Alternative 1: A common measurement report for L1 intra-frequency measurement and L1 inter-frequency measurement.
· Alternative 2: Separate measurement reports for L1 intra-frequency measurement and L1 inter-frequency measurement.
In Rel-17, only SSB resources were used as measurement RS for L1 inter-cell measurements. In RAN1#110b-e, it was agreed to support SSB resources as measurement for L1/L2 mobility in Rel-18 for both L1 intra-frequency measurement and L1 inter-frequency measurement, and to further study the support of CSI-RS.
 Agreement
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 

In Rel-18, we can consider CSI-RS as an additional reference signal for the beam measurement report. Rel-15, defined a CSI-RS resource for mobility that is used for handover purposes, such CSI-RS resource can be considered for handover purposes.
Proposal 2: For enhancements to L1 measurement and reporting for L1/L2 mobility, legacy RS types supporting mobility management (CSI-RS for Mobility) should be considered as source RS for beam measurement and reporting.
Additionally, for ICBM as defined in Rel-17, CSI-RS resources are configured that are associated through a QCL relation with an SSB associated with the PCI of a cell that is different from the PCI of the serving cell. We can further study whether these CSI-RS resources can also be used for beam measurement reporting. These CSI-RS resources can include CSI-RS for tracking, or CSI-RS for beam management.
Proposal 3: For enhancements to L1 measurement and reporting for L1/L2 mobility, study the support of TRS and CSI-RS for beam management associated through a QCL relation to an SSB associated with a PCI of a cell that is different from the PCI of the serving cell as a source RS for beam measurement and reporting.
In RAN1#110b-e, the measurement metric was discussed and the following agreement was made. It was agreed to support L1 RSRP for L1 intra-frequency measurement, further study the support of L1-RSRP for L1 inter-frequency measurement, and further study the support of L1-SINR for L1 intra-frequency measurement and L1 inter-frequency measurement.
Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.

To maximize commonality between L1 intra-frequency measurement and L1 inter-frequency measurement, L1-RSRP should be support for L1 inter-frequency measurement.
Proposal 4: Support L1-RSRP for L1 inter-frequency measurement. 
RSRP measurement provides a reasonable metric for making a handover decision. A cell can be selected as a target cell for handover if it has a better RSRP than the RSPR of the current serving for example by a certain threshold. RSRP measurements don’t take into account the interference in cell. In some cases, the target cell might have a sufficiently better RSRP than the serving cell, but has significantly higher interference, which would lead to a lower signal quality if handover were to take place to the target cell. In those cases, it might seem that using an SINR-type measurement is a better metric than the L1-RSRP metric or using an SINR-type measurement in addition to the L1-RSRP. However, the L1-SINR, which is the ratio between L1-signal power and the interference of a slot can be quite a noisy measurement that can vary significantly from one measurement instance to another. There could be several ways to overcome variability of the L1-SINR:
· A first alternative is taking an average (e.g., exponential average) of the L1-SINR across several slots. The longer the averaging window the more stable the L1-SINR. However, this comes at an expense of a longer latency.
· A second alternative is calculating a longer term average (e.g., exponential average) of the L1 interference over a window with a certain size. The long term average interface is then used to divide L1-RSRP to get an L1-SINR measurement that can be used for handover purposes, i.e., L1-SINR = (L1-RSRP/Long term average interference). The L1-RSRP is measurement in one measurement instance (i.e., without averaging), hence the latency of calculating this metric can be short.
Proposal 5: Further study the necessity, reliability and latency of L1-SINR measurement metric for L1/L2 mobility.

Another open point from the last meetings agreement is about the use of uplink measurements for L1/L2 mobility. UL measurements are performed by the gNB and hence can be left to network implementation.
Observation 1: Uplink measurements for L1/L2 mobility are performed by gNB and hence be left for network implementation.
Other agreement made in RAN1#110b-e is to study mechanisms for reporting the L1-measurement.
Agreement
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied

In Rel-17, the container the L1 inter-cell measurement report is UCI. The Rel-17 beam measurement report contains K pairs of SSBRI-RSRP or CRI-RSRP. The first pair includes a 7-bit absolute RSRP, and remaining K-1 pairs includes a 4-bit differential RSRP. Where K can be up to 4. The size of report can be up to: (6 (field for SSBRI or CRI) + 7 (field for first L1-metric)+2(Capability Index)) + (4(value of K) – 1) * (6 (field for SSBRI or CRI) + 4 (field for remaining L1-metric) +2(Capability Index)) = 51 bits. If the size of the report were to increase for L1/L2 mobility for example having K=6 and 7 bits for the SSBRI/CRI field, the size of the report would be less than 100 bits, which can be carried by a UCI container on PUCCH or PUSCH.
Proposal 6: For L1 measurement report for Rel-18 L1/L2 mobility, the container for the beam measurement report is UCI on PUCCH or PUSCH. The beam measurement report can include K groups of SSBRI (or CRI)/L1 metric/Capability Index, using a format similar to that of Rel-17 inter-cell measurement report.

An enhancement to the Rel-17 inter-cell measurement report is to have the number of actual reported groups be determined by the UE. For this case, the two-part UCI structure (specified in Rel-15) can be used to send the beam measurement report. Here, part 1 is of a fixed payload size, which, e.g., includes the beam measurement(s) for the serving cell, and used to indicate the size of the payload in part 2, e.g., by indicating the number of remaining pairs of SSBRI-RSRP or CRI-RSRP reported in part 2; part 2 includes the remaining pairs of SSBRI-RSRP or CRI-RSRP. As part 1 only contains the minimum/basic information needed for the inter-cell operation – e.g., the serving cell beam and/or the best beam, low-rate code can be applied for part 1, which in turn, can improve its detection probability. This is in contrast to including all beam measurements in one report (or a single-part UCI); for this case, if the single-part UCI is dropped, the inter-cell beam management performance would be significantly degraded especially when both serving and non-serving cells are mixed in one report and the number of reporting cells/beams are relatively large. Furthermore, with the two-part UCI structure, the UE can autonomously decide the report size for various channel conditions.   
Proposal 7: Support reporting a variable number of SSBRI (or CRI)/RSRP/Capability index groups, wherein a UE reports in a single reporting instance a two-part beam report using the two-part UCI structure.
· Part 1 includes the beam measurement(s) for the serving cell and indicates the size of part 2
· Part 2 includes the remaining beam measurement(s)

In RAN1#110b-e, a proposal was discussed on event triggered reporting, but was not agreed.
[FL proposal 2-1-2-v7] 
· For L1 measurement report for Rel-18 L1/L2 mobility, interested companies are encouraged to further study whether UE/event triggered report for L1 measurement results is supported, and the detailed design if supported 
· At least the following aspects may be considered in the companies’ proposal
· Exact definition of events, e.g. events defined for L3 event triggered report as a starting point, or new event(s)
· Report container i.e. UCI transmitted on PUCCH or PUSCH and/or MAC CE etc.
· Resource allocation/assignment for UE/event triggered report e.g. resource is allocated in advance, requested when the condition is met, and/or activated when the condition is met, resource acquired through random access etc. 
· Necessity of indication to gNB when the condition is met, and how
· Necessity to define the condition to start/stop the reporting, e.g. timer, time to trigger, the number of times the condition is met, and/or threshold to judge whether to start/stop reporting 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc. 
· The interaction with filtered L1 measurement results (if supported) , e.g., whether the UE/event triggered report is configured for filtered L1 measurement, or legacy L1 measurement without filtering.
· 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 a candidate cell.
· FFS: Benefit when L3 measurement is involved 

Event triggered reporting is beneficial to reduce overhead associated beam reporting, the report is only sent when an event is triggered at the UE.
Proposal 8: For L1 measurement report for Rel-18 L1/L2 mobility, support UE/event triggered report for L1 measurement results.

Beam indication
For inter-cell beam management, the TCI state can be associated with a cell having a PCI different from the PCI of the serving cell. The same framework can be used for L1/L2 mobility as starting point.
Proposal 9: For beam indication for L1/L2 mobility, the TCI state can be associated with a cell (target serving cell) having a PCI different from the PCI of the serving cell.
To reduce any interruption caused by cell switch, the indication of a TCI state associated with a cell (e.g., target serving cell) having a PCI different from the PCI of the serving cell can trigger:
· AP CSI-RS resource on the target serving cell followed by a AP CSI measurement report. The AP CSI measurement report provides more refined beam measurements for the target serving cell.
· AP-SRS resource to the target serving cell. The AP-SRS resource to the target serving cell allows the network to have more refined beam measurements for the target serving cell
Proposal 10: For beam indication for L1/L2 mobility, an indicated TCI state on the target serving cell can trigger
· AP CSI-RS resource on the target serving cell followed by a AP CSI measurement report.
· AP-SRS resource to the target serving cell.
Dynamic cell switch
In RAN1#110b-e, the following agreement was made:

      Agreement
-    	From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
-       Scenario 1: Beam indication before cell switch command
-       Scenario 2: Beam indication together with cell switch command
-       Scenario 3: Beam indication after cell switch command
-       Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.

There are three scenarios for indicating the TCI state of the target cell relative to the time of the cell switch command:
· (Scenario 1) The beam is indicated first to target cell; this is then followed by the cell switch command. There are two sub-scenarios for scenario:
· (Scenario 1.1) The first sub-scenario is to have the UE start communicating using the indicated TCI state with the target cell before the cell switch command. This would be the case of ICBM. A cell switch command is then followed to complete the handover procedure. The advantage of using ICBM beam management for L1/L2 mobility is to reduce latency, signalling overhead and interruption time. 
· (Scenario 1.2) The second sub-scenario is to have the UE not use the indicated TCI state (associated with the serving cell) right away, but rather wait for the cell switch command. When the cell switch command is received the UE uses the indicated TCI state (associated with the serving cell) and starts communicating with the target serving cell. This scenario can be applicable for example, in case of inter-frequency handover when the UE can’t communicate with the target cell before the cell switch command is received.
· (Scenario 2) The beam is indicated to the target cell with the cell switch command. There are two sub-scenarios for scenario
· (Scenario 2.1) The first sub-scenario is to have TCI state of the target serving cell be included in the cell switch command.
· (Scenario 2.2) The second sub-scenario is to have the indicated TCI state of the target serving cell act as the cell switch command. This can be achieved by having the beam indication, when the indicated TCI state is associated with a cell having a PCI different from the PCI of the serving cell (e.g., target serving cell), it acts as the trigger for cell switch. 
Observation 2: Having TCI state indication act as the trigger for cell switch can reduce the latency, signalling overhead and interruption time of handover.
To achieve the benefits of TCI state indication-triggered cell switch, the UE should have the target cell configuration before the indication of a TCI state associated with a cell having a PCI different from the PCI of the serving cell (i.e., the target cell). This allows a full cell switch that is triggered by or associated with the TCI state indication. The same also applies for the dynamic cell switch command. It should be noted that, RAN2 is already considering preparing the target cell configuration to dynamic switching with a full configuration.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.

· (Scenario 3) The cell switch command is indicated first to the target serving cell, this is followed by a beam indication for the target serving cell. We think that this scenario can have a longer latency.
As aforementioned, there are several ways to achieve a dynamic cell switch based on beam indication that RAN1 can further consider:
· Network-triggered dynamic cell switch. This can be based on indication of a TCI state associated with a cell (the target serving cell) having a PCI different from the PCI of the serving cell. The cell switch can happen at the application time of the TCI state (whether the TCI state is included in the cell switch command (i.e., scenario 2.1), or the TCI state indication itself triggers cell switch (scenario 2.2)), this would have fastest cell switch time as illustrated in	Figure 1. One potential issue with doing the cell switch at the time of TCI state application is that it could lead to ping-pong effect if subsequent TCI states are associated with the source serving cell. To avoid, this issue a separate signal can be used to do the cell switch (Scenario 1.1). This is illustrate in Figure 2, where the UE is first indicated a TCI state associated with cell having a PCI different from the PCI of the serving cell, this is subsequently followed by a signal (that can be based on additional criterial) to perform the cell switch. A variant of Figure 2 is not to apply the TCI state of the target serving cell right away, but rather wait for the cell switch command as illustrated in Figure 3.



[bookmark: _Ref114737716]	Figure 1: Cell switch at the application time of the TCI state	




[bookmark: _Ref114738218]Figure 2: Cell switch after application TCI state using a separate signal.



[bookmark: _Ref118312793]Figure 3: Applying previously indicated TCI state at time of dynamic cell switch.

Proposal 11: For enhancements L1/L2 mobility, consider network triggered dynamic cell switch,
· The beam is indicated first to target cell; this is then followed by the cell switch command.
· The beam is indicated to the target cell with the cell switch command.

· UE-initiated dynamic cell switch. The UE has knowledge of the signal strength from the surrounding TRPs (base stations), by measuring the RSRP of the reference signals transmitted from these TRPs. Hence, it would be in the best position to make the fastest decision on handover. The UE can indicate a handover request in its measurement report. The cell-switch can be triggered once the measurement report is received by the network (subject to a cell-switch latency), this is illustrated in Figure 4. Alternatively, the network, can transmit additional signaling to confirm the cell switch.
· 

· [bookmark: _Ref114737497]Figure 4: UE initiated cell switch.

Proposal 12: For enhancements L1/L2 mobility, study UE-initiated dynamic cell switch.
When dynamic cell switching is provided via TCI indication, the indication should provide QCL information for both of DL reception and UL transmission. If only one of separated DL TCI state or separated UL TCI state is indication, UE may understand that cell switching happened only for DL or UL while another link is still accessed via legacy serving cell. Unless such connectivity is agreed as supported DC scenario, RAN1 should not support indicate of one separated TCI state via non-serving cell TCI indication.
Proposal 13: Non-serving cell TCI indication should include joint TCI or both of separated DL/UL TCI states except for DC scenario.

Conclusions
The following observations and proposals have been made regarding L1 enhancements to support L1/L2 mobility:
Proposal 1: Study the following alternatives for the L1 measurement report taking into account the timing of respective measurements:
· Alternative 1: A common measurement report for L1 intra-frequency measurement and L1 inter-frequency measurement.
· Alternative 2: Separate measurement reports for L1 intra-frequency measurement and L1 inter-frequency measurement.
Proposal 2: For enhancements to L1 measurement and reporting for L1/L2 mobility, legacy RS types supporting mobility management (CSI-RS for Mobility) should be considered as source RS for beam measurement and reporting.
Proposal 3: For enhancements to L1 measurement and reporting for L1/L2 mobility, study the support of TRS and CSI-RS for beam management associated through a QCL relation to an SSB associated with a PCI of a cell that is different from the PCI of the serving cell as a source RS for beam measurement and reporting.
Proposal 4: Support L1-RSRP for L1 inter-frequency measurement. 
Proposal 5: Further study the necessity, reliability and latency of L1-SINR measurement metric for L1/L2 mobility.
Observation 1: Uplink measurements for L1/L2 mobility are performed by gNB and hence be left for network implementation.
Proposal 6: For L1 measurement report for Rel-18 L1/L2 mobility, the container for the beam measurement report is UCI on PUCCH or PUSCH. The beam measurement report can include K groups of SSBRI (or CRI)/L1 metric/Capability Index, using a format similar to that of Rel-17 inter-cell measurement report.
Proposal 7: Support reporting a variable number of SSBRI (or CRI)/RSRP/Capability index groups, wherein a UE reports in a single reporting instance a two-part beam report using the two-part UCI structure.
· Part 1 includes the beam measurement(s) for the serving cell and indicates the size of part 2
· Part 2 includes the remaining beam measurement(s)
Proposal 8: For L1 measurement report for Rel-18 L1/L2 mobility, support UE/event triggered report for L1 measurement results.
Proposal 9: For beam indication for L1/L2 mobility, the TCI state can be associated with a cell (target serving cell) having a PCI different from the PCI of the serving cell.
Proposal 10: For beam indication for L1/L2 mobility, an indicated TCI state on the target serving cell can trigger
· AP CSI-RS resource on the target serving cell followed by a AP CSI measurement report.
· AP-SRS resource to the target serving cell.
Observation 2: Having TCI state indication act as the trigger for cell switch can reduce the latency, signalling overhead and interruption time of handover.
Proposal 11: For enhancements L1/L2 mobility, consider network triggered dynamic cell switch,
· The beam is indicated first to target cell; this is then followed by the cell switch command.
· The beam is indicated to the target cell with the cell switch command.
Proposal 12: For enhancements L1/L2 mobility, study UE-initiated dynamic cell switch.
Proposal 13: Non-serving cell TCI indication should include joint TCI or both of separated DL/UL TCI states except for DC scenario.
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