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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, for inter-cell beam management (ICBM), it has been agreed to support inter-cell intra-frequency SSB L1-RSRP measurement. RAN4 defined inter-cell intra-frequency SSB L1-RSRP measurement as [2]:

· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion.

RAN1 can follow the same definition as RAN4. In addition to supporting L1 intra-frequency measurement, RAN1 has agreed in RAN1#111 to also support L1 inter-frequency measurement.
Agreement
For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.


For SSB-based measurements, if the centre frequency or the sub-carrier spacing of the SSB of the non-serving cell is different from that of the serving cell, this is considered L1 inter-frequency measurement scenario.
Observation 1: For Rel-18 LTM, for SSB-based L1-RSRP measurements, the measurement is defined as inter-cell intra-frequency L1 measurement when the centre frequency and the sub-carrier spacing of the SSB of the non-serving cell is the same as those of the SSB of the serving cell, otherwise the measurement is considered L1 inter-frequency measurement. 
For CSI-RS-based measurements, if supported, RAN4 has not agreed on the definition of scenarios corresponding to intra-frequency measurement and inter-frequency measurement. Those scenarios should be left to RAN4 to decide.
Observation 2: For Rel-18 LTM, if CSI-RS-based measurements are supported, it is up to RAN4 to decide the corresponding intra-frequency and inter-frequency scenarios.

1.1.1  Measurement Reference Signal
In Rel-17, only SSB resources were used as measurement RS for L1 inter-cell measurements. In RAN1#111, it was agreed to support SSB resources as measurement resources 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 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



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 1: 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 periodic CSI-RS for tracking, or periodic CSI-RS for beam management.
Proposal 2: 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.
Another open point from RAN1#110b-e 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 3: Uplink measurements for L1/L2 mobility are performed by gNB and hence can be left for network implementation.

1.1.2  Measurement Metric
In RAN1#110b-e and RAN1#111, the measurement metric was discussed. It was agreed to support L1 RSRP for L1 intra-frequency measurement and L1 inter-frequency measurement, and to further study the support of L1-SINR 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 3: Further study the necessity, reliability and latency of L1-SINR measurement metric for L1/L2 mobility.
Another aspect related to measurement metric reporting is filtering the L1 measurements to avoid the ping-pong issues. Filtering of L1 measurements at the UE before reporting can introduce additional latency, hence reducing the benefit of L1/L2 mobility. Furthermore, it can be left up to network implementation whether or not to filter the L1 measurements provided by the UE before using to make a handover decision.
Observation 4: Filtering of L1 measurement results can be left to network implementation if needed.
1.1.3  L1 Measurement Configuration
In RAN1#112, the configuration framework for L1 measurements was discussed, and the following agreement was made:
Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
· Following RAN1 understanding will be provided in the LS
· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 
· Note RAN2 has a full flexibility to design the whole RRC structure design.
· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 
· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations. 

This agreement identifies the parameters needed for L1-RSRP measurement RS configuration for intra-frequency and inter-frequency. Rel-18 LTM can be considered as an extension of the Rel-17 inter-cell beam management (ICBM). In Rel-17, additional PCIs and corresponding SSBs are configured by IE SSB-MTC-AdditionalPCI-r17. 


SSB-MTC-AdditionalPCI-r17 ::= SEQUENCE {
         additionalPCIIndex-r17 	AdditionalPCIIndex-r17,
         additionalPCI-r17 			PhysCellId,
         periodicity-r17 				ENUMERATED { ms5, ms10, ms20, ms40, ms80,                  ms160, spare2, spare1 },
         ssb-PositionsInBurst-r17 CHOICE {
                shortBitmap 			     BIT STRING (SIZE (4)),
                mediumBitmap 		     BIT STRING (SIZE (8)),
                longBitmap 			     BIT STRING (SIZE (64))
         },
         ss-PBCH-BlockPower-r17 INTEGER (-60..50)
}

In RAN1#112b-e, it was further agreed that the s-PBCH-BlockPower for candidate cells is included in the LTM configuration. This is needed at least for performing a PRACH preamble transmission towards the target cell. One remaining the agreement made in RAN1#112 is how to configure the timing parameters. Two options have been discussed in RAN1#112b-e (in R1-2304274) for intra-frequency configurations. The first option is to provide periodicity (ssb-Periodicity) and SSB position in burst (ssb-PositionsInBurst), this would be similar to the configuration used for ICBM. The second option is to provide STMC related information. Our preference is to go with option 1 to increase commonality with Rel-17 ICBM. This implies that the serving cells need to know at least the ssb-Periodicity and the ssb-PositionsInBurst of the target cell. RAN1 can send an LS to RAN3 to take this into consideration in the RAN3 design.
Proposal 4: For the configuration of intra-frequency time domain information for L1 measurement ssb-Periodicity and ssb-PositionsInBurst are provided.

1.1.4  L1 Measurement Reporting
In RAN1#112b-e, the following agreement was made:
Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 

There are several open points in this agreement:
· L and M are configured. The UE selects the L best cells and M best beams in each cell. The beast beams are in terms of higher RSRP.
· The first reported cell is that of the beam with highest RSRP. The first reported beam is the beam with highest RSRP
· The serving cell is included in the selected cells, when .
· The selected cells can be in the same frequency band or in different bands. The L1 measurement report can include both L1 intra-frequency measurements and L1 inter-frequency measurement.
· If UE can’t find M beams to report in each cell, or can’t find L cells to report, the UE reports less than LxM beams.
· Use differential reporting based in the Rel-17 design.

Rel-17 defined the beam reporting framework for ICBM, where a 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. The SSB-RI can correspond to an SSB of a non-serving cell based on the corresponding additionPCIIndex associated with the SSB.

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 LTM measurement reporting. In RAN1#112b-e, based on the aforementioned agreement, it was agreed to report  beams. The first of the  beams (with the largest RSRP) can use an absolute value with 7-bits, the remaining  beams use differential reporting relative to the strongest beam with 4-bits each. In some cases, when the UE is configured with a measurement report having  beams, it might less than  beams to report. In this case, two-part UCI structure (e.g., as 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 is used to indicate the size of the payload in part 2, e.g., by indicating the actual number of reported cells and the number of reported beams per cell. 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 number of beams from other cells, 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 5: For L1 measurement report for Rel-18 L1/L2 mobility,
· The UE determines the cells and beams per cell to report based on the RSRP of each measured beam
· The first reported beam is the strongest beam across all cells. Differential reporting is used for remaining beams
· The serving cell is always included in the measurement report if 
· Two-part UCI reporting is used:
· [bookmark: _GoBack]Part 1 includes the beam measurement(s) for the serving cell and indicates the cells and number of beams per cell in part 2.
· Part 2 includes the remaining beam measurement(s).

1.1.5  UE Triggered Measurement Report
In RAN1#111, the following agreement on UE-event triggered reporting was made.
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

 Event triggered reporting is beneficial to reduce overhead associated with measurement reporting and reduce latency, the report is only sent when an event is triggered at the UE. When the UE detects a change in channel conditions and finds a “better” beam it can send a measurement report to network. There are several ways for the UE to provide the measurement report to network.
1. The UE can directly report the measurement. For example, UE can trigger a RACH procedure and include the measurement report in the payload of RACH Msg3 or MsgA PUSCH.
2. The UE can send a request for uplink resources to transmit measurement report.
Proposal 6: For L1 measurement report for Rel-18 L1/L2 mobility, support UE/event triggered report for L1 measurement results. Further study how the UE provides an event triggered measurement report to the network.

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. In RAN1#111, it was agreed to at least use Rel-17 unified TCI state framework for Rel-18 LTM beam indication. However, there was an open point on whether to support Rel-18 LTM when at least one of the cells doesn’t support the Rel-17 unified TCI state framework.

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 

Unlike Rel-15 TCI/spatial relation framework, Rel-17 unified TCI state framework already supports beam indication for non-serving cells. Introducing such capability to the Rel-15 TCI/spatial relation framework would be a major design undertaking. 
Observation 5: Rel-15 TCI/spatial relation framework doesn’t support beam indication for non-serving cells.
Furthermore, we don’t see a strong benefit in designing two solutions (based on the Rel-15 TCI/spatial relation framework and Rel-17 unified TCI state framework) for the same feature. This increases the design effort. A pre-requisite for supporting Rel-18 LTM is the support of Rel-17 unified TCI framework.
Proposal 7: A pre-requisite for supporting Rel-18 LTM is the support of Rel-17 unified TCI state framework.
In RAN1#112, the following agreement was made:
Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case

According to this agreement, after cell switch the signals/channels that are configured to follow the Rel-17 unified TCI state follow the indicated TCI state in the cell switch commands. For channels associated with Common Search Space (CCS) set other than Type-3 CCS set, the corresponding CORESET can be configured an additional TCI state. At the time of cell switch, the CORSET of common channels (associated with CCS set other than Type-3 CSS set), not configured to follow the unified TCI state, should switch from using the TCI state of the source serving cell to that of the target serving cell. The following two options can be further considered to determine the TCI state to use for CORESETs associated with CSS set other than Type-3 CSS set when switching to the Target serving cell.
1. The CORESETs associated with CSS set other than Type-3 CSS set follow the unified TCI state of the target cell until configured a new TCI state.
2. An additional TCI state is signalled in the cell switch command for the CORESETs associated with CSS set other than Type-3 CSS set.
Proposal 8: for CORESETs associated with CSS set other than Type3-PDCCH CSS set, after cell switch further study the following options for the TCI state indication:
1. The CORESETs associated with CSS set other than Type3-PDCCH CSS set follow the unified TCI state of the target cell until configured a new TCI state.
2. An additional TCI state is signalled in the cell switch command for the CORESETs associated with CSS set other than Type3-PDCCH CSS set.

In RAN1#112b-e, it was agreed to activate the TCI states corresponding to the serving cell before the cell switch command (CSC). To activate the TCI states would require TCI states that have a source RS from the target cell. The serving cell has a list of DL/Joint TCI states provided by “dl-OrJoint-TCIStateList” and a list of UL TCI states provided by “ul-TCI-StateList”. Each list can be configured to include TCI states associated with a source RS of the target cell. This is similar to the framework used for ICBM.
Proposal 9: For beam indication for L1/L2 mobility, the dl-OrJoint-TCIStateList and ul-TCI-StateList are configured with TCI states having a source RS associated with the target 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#111, the following agreement was made: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). 


There are three scenarios for indicating the TCI state of the target cell relative to the time of the cell switch command:
· (Scenario 1 this is still FFS) 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 sent 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. We see LTM and ICBM as complimentary solutions, there supporting both of them is an important feature.
Proposal 11: Rel-18 LTM and Rel-17 ICBM can operate together. A UE first uses a beam of the target cell, before switching to the target cell.
· (Scenario 1.2) The second sub-scenario is to have the UE not use the indicated TCI state (associated with the target 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 target 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 this has been agreed) The beam is indicated to the target cell with the cell switch command. There are two sub-scenarios for scenario. The TCI state of the target serving cell is included in the cell switch command.
· A variant of scenario 2, 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), act as the trigger for cell switch. 
Observation 6: 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 following options can be further supported:
· The TCI state is included in the cell switch command, and cell switch happens after the UE receives the cell switch command and applies the TCI state included in the cell switch command. This scenario has already been agreed. this would have fastest cell switch time as illustrated in Figure 1.
· The TCI state indication itself triggers cell switch, when indicated a TCI state associated with a target serving cell. The cell switch happens the time of application of that TCI state. 
· The TCI state of the target cell is signaled between the cell switch command. This is followed by a separate signal to do the cell switch. A potential issue of doing the cell switch at the time of TCI state application is a ping-pong effect if subsequent TCI states are associated with the source serving cell, this can be avoided by having separate indications for TCI state and cell switch. 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 12: For Rel-18 LTM, in addition to the beam (TCI state ID) being indicated to the target cell within the cell switch command, consider support of the following,
· The cell switch occurs at the time of indicating a TCI state associated with the target serving cell.
· The beam is indicated first to target cell; this is then followed by the cell switch command.

In RAN1#112b-e, the following agreement was made on the timing of cell switch:

Agreement
· Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration.


The beam application time for a target cell, can follow the same framework of the beam application time of a serving cell, i.e., the indicated beam is applied after a configured delay from the HARQ-ACK of the message including the beam indication. The value of the beam application time of the target cell can be different from that of serving cell.
Proposal 13: For Rel-18 LTM, the beam application time of a target cell is after the HARQ-ACK of the message containing the beam indication. The value of the beam application time of the target cell can be different from that of serving cell.

· 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 14: For L1/L2 mobility enhancements, study UE-initiated dynamic cell switch.

Conclusions
The following observations and proposals have been made regarding L1 enhancements to support L1/L2 mobility:
Observation 1: For Rel-18 LTM, for SSB-based L1-RSRP measurements, the measurement is defined as inter-cell intra-frequency L1 measurement when the centre frequency and the sub-carrier spacing of the SSB of the non-serving cell is the same as those of the SSB of the serving cell, otherwise the measurement is considered L1 inter-frequency measurement. 
Observation 2: For Rel-18 LTM, if CSI-RS-based measurements are supported, it is up to RAN4 to decide the corresponding intra-frequency and inter-frequency scenarios.
Proposal 1: 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 2: 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.
Observation 3: Uplink measurements for L1/L2 mobility are performed by gNB and hence can be left for network implementation.
Proposal 3: Further study the necessity, reliability and latency of L1-SINR measurement metric for L1/L2 mobility.
Observation 4: Filtering of L1 measurement results can be left to network implementation if needed.
Proposal 4: For the configuration of intra-frequency time domain information for L1 measurement ssb-Periodicity and ssb-PositionsInBurst are provided.
Proposal 5: For L1 measurement report for Rel-18 L1/L2 mobility,
· The UE determines the cells and beams per cell to report based on the RSRP of each measured beam
· The first reported beam is the strongest beam across all cells. Differential reporting is used for remaining beams
· The serving cell is always included in the measurement report if 
· Two-part UCI reporting is used:
· Part 1 includes the beam measurement(s) for the serving cell and indicates the cells and number of beams per cell in part 2.
· Part 2 includes the remaining beam measurement(s).
Proposal 6: For L1 measurement report for Rel-18 L1/L2 mobility, support UE/event triggered report for L1 measurement results. Further study how the UE provides an event triggered measurement report to the network.
Observation 5: Rel-15 TCI/spatial relation framework doesn’t support beam indication for non-serving cells.
Proposal 7: A pre-requisite for supporting Rel-18 LTM is the support of Rel-17 unified TCI state framework.
Proposal 8: for CORESETs associated with CSS set other than Type3-PDCCH CSS set, after cell switch further study the following options for the TCI state indication:
1. The CORESETs associated with CSS set other than Type3-PDCCH CSS set follow the unified TCI state of the target cell until configured a new TCI state.
2. An additional TCI state is signalled in the cell switch command for the CORESETs associated with CSS set other than Type3-PDCCH CSS set.
Proposal 9: For beam indication for L1/L2 mobility, the dl-OrJoint-TCIStateList and ul-TCI-StateList are configured with TCI states having a source RS associated with the target 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.
Proposal 11: Rel-18 LTM and Rel-17 ICBM can operate together. A UE first uses a beam of the target cell, before switching to the target cell.
Observation 6: Having TCI state indication act as the trigger for cell switch can reduce the latency, signalling overhead and interruption time of handover.
Proposal 12: Rel-18 LTM, in addition to the beam (TCI state ID) being indicated to the target cell within the cell switch command, consider support of the following,
· The cell switch occurs at the time of indicating a TCI state associated with the target serving cell.
· The beam is indicated first to target cell; this is then followed by the cell switch command.
Proposal 13: For Rel-18 LTM, the beam application time of a target cell is after the HARQ-ACK of the message containing the beam indication. The value of the beam application time of the target cell can be different from that of serving cell.
Proposal 14: For L1/L2 mobility enhancements, study UE-initiated dynamic cell switch.

References
[1] [bookmark: _Ref101557947][bookmark: _Ref521501348][bookmark: _Ref30756422][bookmark: _Ref462779233]RP-222332 “Revised WID on Further NR mobility enhancements”, 3GPP RAN#97e, e-Meeting, September, 2022.
[2] [bookmark: _Ref127427614]R4-2220733 (R1-2300031), “Reply LS on L1 intra- and inter- frequency measurement and configurations for L1/L2-based inter-cell mobility”, 3GPP RAN4, Toulouse, France, November, 2022.




6

image1.emf
UE signaled TCI state 

associated with a PCI of 

a target serving cell

HARQ-ACK 

of TCI state 

indication

Beam 

Application Time

TCI State associated with source serving cell is applied

Serving cell is source serving cell

TCI State associated with target 

serving cell is applied

Serving cell is target serving cell

Switch from source serving 

cell to target serving cell


Microsoft_Visio_2003-2010_Drawing.vsd

image2.emf
UE signaled TCI state 

associated with a PCI of 

a target serving cell

HARQ-ACK 

of TCI state 

indication

Beam 

Application Time

TCI State associated with source serving cell is applied

Serving cell is source serving cell

TCI State associated with target serving cell is applied

Common channels continue to be Tx/Rx on source serving cell

Serving cell is source serving cell

TCI state switching no 

serving cell switch

UE signaled to switch 

serving cell

HARQ-ACK 

of cell 

switch

Cell switch time

Switch from source serving 

cell to target serving cell

Common channels Tx/Rx on 

target serving cell

Serving cell is target serving cell


Microsoft_Visio_2003-2010_Drawing1.vsd
UE signaled TCI state associated with a PCI of a target serving cell


HARQ-ACK of TCI state indication


Beam Application Time


TCI State associated with source serving cell is applied
Serving cell is source serving cell


TCI State associated with target serving cell is applied
Common channels continue to be Tx/Rx on source serving cell
Serving cell is source serving cell


TCI state switching no serving cell switch


UE signaled to switch serving cell


HARQ-ACK of cell switch


Cell switch time


Switch from source serving cell to target serving cell


Common channels Tx/Rx on target serving cell
Serving cell is target serving cell



image3.emf
UE signaled TCI state 

associated with a PCI of 

a target serving cell

HARQ-ACK 

of TCI state 

indication

TCI State associated with source serving cell is applied

Serving cell is source serving cell

UE signaled to switch 

serving cell (DCI or 

MAC CE or RRC)

HARQ-ACK 

of cell 

switch

Cell switch time

Switch from source serving cell to 

target serving cell and apply TCI 

state of target serving cell

TCI State associated with source 

serving cell is applied

Serving cell is source serving cell


Microsoft_Visio_2003-2010_Drawing2.vsd

image4.emf
UE indicates handover 

to target cell in 

measurement report

Serving cell is source cell

Serving cell is target cell

Switch from source serving 

cell to target serving cell

Cell Switch Time


Microsoft_Visio_2003-2010_Drawing3.vsd

