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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 has been introduced in the Rel-18 [1].
In RAN#114, the work item was complete. However, there are a few remaining maintenance issues that are addressed in this document. 
Discussion
Enhancements to L1 measurements and reporting
In previous meetings, there was discussion on what happens if the LTM measurement report has less than 12 bits, and whether the LTM measurement report is padded to 12-bits. We suggest that network implementation ensures that LTM measurement report has at least 12-bits. No spec impact is foreseen.
Proposal 1: Network ensures that LTM measurement report has at least 12-bits. No spec impact.

In previous meetings there was discussion on whether to have MAC CE activation for a subset of the configured SSBs to be used for LTM-based measurement. We don’t see a need for MAC CE activation of SSBs used for LTM-based measurement. The configured SSBs for L1-RSRP measurement for LTM can all be considered for measurement by the UE, without need for further MAC CE activation.
Proposal 2: No MAC CE activation of SSBs for L1-RSRP measurement for LTM.

Another issue raised, is whether or how to determine the priority of the LTM CSI and legacy CSI reports. There are a few points to consider here:
· If separate reporting resources are configured for LTM CSI and legacy CSI reports, there is no need for prioritization.
· If the same reporting resources are configured for LTM CSI and legacy CSI reports, and SpCell measurement is configured to be included in the LTM CSI report, the LTM CSI already includes the SpCell CSI measurements, and can be provided by the UE.
· If the same reporting resources are configured for LTM CSI and legacy CSI reports, and SpCell measurement is configured to not be included in the LTM CSI report, the decision whether to report LTM CSI or legacy CSI reports can be left to the UE’s implementation.
Observation 1: No further enhancement is needed for reporting LTM CSI reports and legacy CSI reports.

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 2: 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 3: 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) as well as CORESET with index 0, 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 and CORESET with index 0 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 and CORESET with index 0.
Proposal 4: for CORESETs associated with CSS set other than Type3-PDCCH CSS set, after cell switch down-select the following options for the TCI state indication:
1. The CORESETs associated with CSS set other than Type3-PDCCH CSS and CORESET with index 0 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 and CORESET with index 0.

The following text proposals are proposed for the two alternatives.

Text Proposal for Alt1:
21	L1/L2-triggered mobility procedures
<omitted parts>
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a TCI-State and/or TCI-UL-State in LTM-dl-OrJointTCI-StateToAddModList and/or LTM-ul-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE applies the TCI-State and/or TCI-UL-State, if indicated by the MAC CE, from a first slot that is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, and is the SCS configuration for the TBD. The UE obtains the QCL assumptions from the TCI-State for DM-RS of PDSCH and DM-RS of PDCCH, and the CSI -RS applying the indicated TCI state. The UE determines an UL TX spatial filter, if applicable, from the TCI-State and/or TCI-UL-State for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state. For a CORESET with index 0 or a CORESET associated with at least CSS sets other than Type-3 PDCCH CSS sets, a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET, are quasi co-located with reference signals provided by the TCI-State.


Text Proposal for Alt2:
21	L1/L2-triggered mobility procedures
<omitted parts>
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a TCI-State and/or TCI-UL-State in LTM-dl-OrJointTCI-StateToAddModList and/or LTM-ul-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE applies the TCI-State and/or TCI-UL-State, if indicated by the MAC CE, from a first slot that is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, and is the SCS configuration for the TBD. The UE obtains the QCL assumptions from the TCI-State for DM-RS of PDSCH and DM-RS of PDCCH, and the CSI -RS applying the indicated TCI state. The UE determines an UL TX spatial filter, if applicable, from the TCI-State and/or TCI-UL-State for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state. 
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a second TCI-State in LTM-dl-OrJointTCI-StateToAddModList. For a CORESET with index 0 or a CORESET associated with at least CSS sets other than Type-3 PDCCH CSS sets, a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET, are quasi co-located with reference signals provided by the second TCI-State.

During the RRC parameter discussion, a parameter “LTM-unifiedTCI-StateType” was discussed for the LTM configuration to indicate whether a candidate cell supports separate or joint TCI states. We don’t see a strong need to provide such a parameter. The type of TCI state that the UE can apply in the candidate cell after cell switch can be inferred from the number of TCI states provided in the cell switch command. If a UE is provided, with one TCI state, it is a joint TCI state for DL and UL channels and signals. If a UE provided with two TCI states, one for DL channels and signals, and the second is for UL channels and signals. Alternatively, whether a candidate cell uses separate or joint TCI state indication can be determined based on whether or not LTM UL TCI states are configured for the candidate cell.
Observation 3: A UE can infer the type of TCI state (joint or separate) from the number of TCI states included in the cell switch command or the configuration of LTM UL TCI states.

1.1.1 LTM TCI states during cell switch
There are two scenarios supported for activating and indicating TCI states during cell switch. The first scenario, is to activate TCI states before the cell switch command and indicate one joint or a pair of DL/UL TCI states in the cell switch command. The second scenario, is to activate and indicate one joint TCI state or a pair of DL/UL TCI states in the cell switch command. 
For first scenario, the following agreements have been made in prior meetings:Agreement RAN1#113
· For TCI state activation for candidate cell(s) before the cell switch command, 
· MAC CE is used and the details of MAC-CE for TCI state activation for LTM is up to RAN2
· Further study if PDCCH order for candidate cell(s) can be used


Agreement RAN1#114
· TCI state activation by MAC CE before cell switch command for one or more than one candidate cells is allowed

Activation of TCI states on candidate cells, doesn’t indicate cell switch, and hence the activated TCI states of the serving cell need to be kept for communicating with the UE and potentially indicated to the UE at a future time. Therefore, when TCI states for candidate cells are activated, this doesn’t impact the activated TCI states of the serving cell. Whether, the total number of activated TCI states across serving and LTM candidate cells is subject to a maximum value, or each of the activated TCI states of the serving cell and the activated TCI states across the candidate cells is subject to its own maximum value can be further discussed in UE features.
Proposal 5: Activation of TCI states on candidate cells doesn’t impact activated TCI states of the serving cell.
Proposal 6: Discuss the maximum number of activated TCI states across serving and candidate LTM cells and/or maximum number of activated TCI states across candidate LTM cells in UE features.
After indicating one joint or a pair of DL/UL TCI states of the activated TCI states in the cell switch command, UE starts using the TCI states of the candidate cell. At this time, the activated TCI states of the original serving cell, are no longer used and can be deactivated. The candidate cell becomes the new serving cell. The activated LTM TCI states of the candidate cells, become the activated TCI states for candidate cell and can be used for beam indication using the “transmission configuration indicator” field of DCI format 1_1 or DCI format 1_2. 
Proposal 7: After indicating one or a pair of TCI states in the cell switch command, the activated TCI states of the serving cell can be deactivated.
Proposal 8: After the cell switch command, the activated LTM TCI states of the candidate cell (the new serving cell) become the activated TCI states of the new serving cell and be indicated to the UE until a new subset of TCI states is activated.
After cell switch to the candidate cell (new serving cell), a MAC CE activating TCI states from the TCI state list of the new serving cell is sent to the UE. The LTM TCI states of the candidate cells are deactivated. A TCI state indicated to the UE is from the activated TCI states of the new serving cell.
Proposal 9: After the cell switch command and after a MAC CE activating TCI states on the new serving cell, the activated LTM TCI states become deactivated.
Figure 1 illustrates the activation and indication of TCI states before, during and after cell switch.


[bookmark: _Ref146629624]Figure 1: TCI state activation and indication before, during and after cell switch.

For second scenario, the following agreement has been made in prior meetings
Agreement RAN1#113
A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.

When a joint TCI state or a pair of DL/UL TCI states for the candidate cell are activated and indicated in the cell switch command, the activated TCI states of the original serving cell are deactivated as these can no longer be used.
Proposal 10: When a cell switch command includes a joint TCI state or a pair of DL/UL TCI states for the candidate cell, the activated TCI states of the serving cell become deactivated.
The UE continues to use TCI state(s) of the cell switch command until a MAC CE that activates TCI states from the TCI state list of the new serving cell is sent to the UE, and the UE is indicated one those TCI states.
Proposal 11: After the cell switch command, the UE continues to use the TCI state(s) of the MAC CE command until a MAC CE activating TCI states on the new serving cell, and a new TCI states is indicated to the UE from the activated TCI states.
1.1.2  Beam indication for multiple cells
In the previous meetings the beam indication for multiple cells for CA was mentioned but not discussed in RAN1. Furthermore, RAN2 (in LS R1-230883) made the following agreements
Proposal 2	SCell(s) can be added/modified/released within an LTM candidate cell configuration.
Scell activation state is not in the LTM cell switch MAC CE, but only based on the RRC configuration

As we are in the maintenance phase, a design for TCI state indication across multiple cells should reuse the existing Rel-17 design as much as possible. The following aspects can be considered:
· List(s) (up to 4) of cells that follow the indicated TCI state for the candidate cell is included in the LTM candidate cell configuration.
· Alternatively, the list(s) of cells (same index) that follow the indicated TCI state for the serving cell also applies to the candidate cell.
· The cell switch command can include a flag indicating whether to apply the indicated TCI state(s) in the cell switch command to the candidate Pcell only or to additional cells as determined by the configured list(s) of cells applying the indicated TCI state.
Proposal 12: For multi-cell operation in LTM consider the following:
· List(s) (up to 4) of cells that follow the indicated TCI state for the candidate cell is included in the LTM candidate cell configuration.
· The cell switch command can include a flag indicating whether to apply the indicated TCI state(s) in the cell switch command to the candidate Pcell only or to additional cells as determined by the configured list(s) of cells applying the indicated TCI state.
1.1.3  Beam application time
For the beam application time, as the TCI state is indicated in the MAC CE of the cell switch command, the beam application time is  slots after the channel conveying the HARQ-ACK feedback (PUCCH or PUSCH). The following can be considered:
· If the TCI state has been activated before the cell switch command, the beam application time  is  slots.
· If the TCI state has not beam activated before the cell switch command, value of  is decided by RAN4. Based on the current RAN4 specifications, when the source RS of the TCI state is SSB, the beam application time  can be given by (see clause 8.10.3 of TS 38.133): . Where,
· , as the target TCI state is not in the active list.
·  is time to the first SSB transmission after the MAC CE with the cell switch command is decoded.
·  ms
The beam application time is independent of the sub-carrier spacing of the channel used for the cell switch command and of the channels or signals to which the beam indication is being applied.
Proposal 13: When the TCI state has been activated before, the cell switch command the beam application time is . When the TCI state is activated in the cell switch command. The beam activation time is determined by RAN4.
Proposal 14: The beam application time is independent of the sub-carrier spacing of the channel used for the cell switch command and of the channels or signals to which the beam indication is being applied.
1.1.4  Configuration of TRS for candidate cells
In RAN1#114, it has been agreed that the TRS can be configured as a QCL source for the LTM TCI states.
Agreement
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability

When the UE supports TRS as a source RS of an LTM TCI state for a candidate cell, this would require configuration of NZP CSI-RS resources with a LTM TCI state for quasi-co-location information. The NZP-CSI-RS resource IE
NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset                OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                     OPTIONAL,   -- Cond Periodic
    ...
}

The field qcl-InfoPeriodicCSI-RS can refer to a LTM TCI state ID of a candidate cell. We can have one list of CSI-RS resources with qcl-Info provided by TCI-StateId or LTM-tci-StateId, such that:
qcl-InfoPeriodicCSI-RS              CHOICE {
TCI-StateId,
										LTM-tci-StateId
},
Alternatively, we can have separate lists of CSI-RS resources, a first list for qcl-Info provided by TCI-StateId, and a second list for qcl-Info provided by LTM-tci-StateId.
A CSI-RS resource with qcl-Info provided by LTM-tci-StateId can be used as a source RS for a LTM TCI state of a candidate cell if supported by the UE.
Proposal 15: If a UE supports TRS as a source RS of an LTM TCI state for a candidate cell, a NZP-CSI-RS-resource can be configured with qcl-InfoPeriodicCSI-RS referring to a LTM TCI state ID of a candidate 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). 


It is beneficial to have ICBM and LTM integrated in the same framework to allow for seamless transmission from one cell to the next, first using a beam from a target cell having a PCI separate from the PCI of the serving cell, then transitioning to the target cell by a cell switch command. The UE starts communicating using an 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, therefore supporting both of them is an important feature. A benefit of having the UE communicate with the target cell first using ICBM, before doing a cell switch using LTM is to minimize communication distribution between the UE and the network. In high mobility scenarios, the link to the source cell could degrade rapidly, making it plausible that the cell switch command from the source serving could be missed by the UE, hence switching beams to the target cell before cell switch and having the cell switch command come from the target cell could improve reliability and reduce disruption.
Proposal 16: 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.
The UE is first indicated a TCI state(s) for a target cell using the ICBM framework. A UE is then indicated a LTM TCI state(s) in the cell switch command. If the QCL source RS of the TCI state(s) indicated to the UE using the ICBM framework and the QCL source RS of the TCI state(s) in the cell switch command are the same. The UE maintains the same beam after cell switch.
Proposal 17: If the QCL source RS of TCI state(s) indicated to the UE before cell switch and the QCL source RS of TCI state(s) in the cell switch command are the same, the UE maintains the same beam after cell switch.

In RAN1#114, the following agreement was made:
Agreement
On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
· FFS UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command

An open point in this agreement is the UE’s behaviour for beam indication in case RACH is triggered after cell switch. First, it should be pointed out that triggering RACH after the cell switch command for LTM is not desirable as it increases the overall latency of the cell switch procedure. In this case, the joint TCI state or the pair of TCI states in the cell switch command can be applied by the UE following LTM design. If in the course of the RACH procedure after cell switch command, a new beam is found, the normal mechanisms for beam activation and beam indication can be followed for that beam.
Proposal 18: The joint TCI state or the pair of DL/UL TCI states in the cell switch command are always applied by the UE. If a new beam is identified by a RACH procedure following the cell switch command, the normal mechanisms for beam activation and beam indication can be followed for that beam.

Conclusions
The following observations and proposals have been made regarding L1 enhancements to support L1/L2 mobility:
Proposal 1: Network ensures that LTM measurement report has at least 12-bits. No spec impact.
Proposal 2: No MAC CE activation of SSBs for L1-RSRP measurement for LTM.
Observation 1: No further enhancement is needed for reporting LTM CSI reports and legacy CSI reports.
Observation 2: Rel-15 TCI/spatial relation framework doesn’t support beam indication for non-serving cells.
Proposal 3: A pre-requisite for supporting Rel-18 LTM is the support of Rel-17 unified TCI state framework.
Proposal 4: for CORESETs associated with CSS set other than Type3-PDCCH CSS set, after cell switch down-select the following options for the TCI state indication:
1. The CORESETs associated with CSS set other than Type3-PDCCH CSS and CORESET with index 0 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 and CORESET with index 0.
Observation 3: A UE can infer the type of TCI state (joint or separate) from the number of TCI states included in the cell switch command or the configuration of LTM UL TCI states.
Proposal 5: Activation of TCI states on candidate cells doesn’t impact activated TCI states of the serving cell.
Proposal 6: Discuss the maximum number of activated TCI states across serving and candidate LTM cells and/or maximum number of activated TCI states across candidate LTM cells in UE features.
Proposal 7: After indicating one or a pair of TCI states in the cell switch command, the activated TCI states of the serving cell can be deactivated.
Proposal 8: After the cell switch command, the activated LTM TCI states of the candidate cell (the new serving cell) become the activated TCI states of the new serving cell and be indicated to the UE until a new subset of TCI states is activated.
Proposal 9: After the cell switch command and after a MAC CE activating TCI states on the new serving cell, the activated LTM TCI states become deactivated.
Proposal 10: When a cell switch command includes a joint TCI state or a pair of DL/UL TCI states for the candidate cell, the activated TCI states of the serving cell become deactivated.
Proposal 11: After the cell switch command, the UE continues to use the TCI state(s) of the MAC CE command until a MAC CE activating TCI states on the new serving cell, and a new TCI states is indicated to the UE from the activated TCI states.
Proposal 12: For multi-cell operation in LTM consider the following:
· List(s) (up to 4) of cells that follow the indicated TCI state for the candidate cell is included in the LTM candidate cell configuration.
· The cell switch command can include a flag indicating whether to apply the indicated TCI state(s) in the cell switch command to the candidate Pcell only or to additional cells as determined by the configured list(s) of cells applying the indicated TCI state.
Proposal 13: When the TCI state has been activated before, the cell switch command the beam application time is . When the TCI state is activated in the cell switch command. The beam activation time is determined by RAN4.
Proposal 14: The beam application time is independent of the sub-carrier spacing of the channel used for the cell switch command and of the channels or signals to which the beam indication is being applied.
Proposal 15: If a UE supports TRS as a source RS of an LTM TCI state for a candidate cell, a NZP-CSI-RS-resource can be configured with qcl-InfoPeriodicCSI-RS referring to a LTM TCI state ID of a candidate cell. 
Proposal 16: 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.
Proposal 17: If the QCL source RS of TCI state(s) indicated to the UE before cell switch and the QCL source RS of TCI state(s) in the cell switch command are the same, the UE maintains the same beam after cell switch.
Proposal 18: The joint TCI state or the pair of DL/UL TCI states in the cell switch command are always applied by the UE. If a new beam is identified by a RACH procedure following the cell switch command, the normal mechanisms for beam activation and beam indication can be followed for that beam.
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