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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Significant progress has been made on L1 enhancement for LTM and the overall procedure of LTM is almost clear. However, certain related details still require discussions, such as the activation of L1 measurement, report configuration and format, TCI configuration, and the presence of each field included in the cell switch command MAC CE. In this contribution, we provide our views on the remaining issues mentioned above.
L1 measurement reporting
Reporting configuration framework
With the progresses made in the previous meetings, SSB-based measurement configuration framework for LTM is clear. As listed below, it has been agreed that cell identity, time domain location (ssb-periodicity and ssb-PositionInBurst), frequency domain location and SCS (only for inter-frequency scenarios), and SSB transmission power can be included in measurement RS configuration for candidate cell(s). According to RAN2 LS [1], RRC structure of measurement RS configuration for candidate cell(s) and reporting configuration for LTM is almost determined. However, some details e.g., the association between reporting configuration and measurement configuration have not been discussed.  
	RAN1#112 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
RAN1#112bis-e Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells
· Note: how to capture this parameter and RRC structure are up to RAN2
RAN1#113 Agreement
For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency


Compared to introducing another framework to complicate specification design, we prefer to reuse the association between reporting configuration and measurement configuration in Rel-17 ICBM reporting configuration framework for LTM. As shown in Figure 1, each LTM-CSI-ReportConfig is associated with one LTM-CSI-ResourceConfig for channel measurement, since only L1-RSRP measurement is supported for LTM. Only one LTM-CSI-SSB-ResourceSet is included in the LTM-CSI-ResourceConfig. To support L1-RSRP measurement and reporting for candidate cell(s), a list of SSB resources and a list of candidate cell configuration index (i.e., LTM-CandidateId) are included in the LTM-CSI-SSB-ResourceSet, and 1-to-1 mapping rule exists between elements of the two lists. Thus, according to the associated candidate cell configuration index, UE could determine the actual measurement resource of candidate cell(s) and then perform L1-RSRP measurement. In addition, L1 measurement on serving cell also can be supported by setting the candidate cell configuration index to a special value, e.g., 0. When it is set to 0, UE would determine the associated SSB based on the serving cell configuration.  


LTM reporting configuration framework
[bookmark: _Hlk142640623]Support reusing Rel-17 ICBM reporting configuration framework for LTM.
· Each LTM-CSI-ReportConfig is associated with one LTM-CSI-ResourceConfig.
· Only one LTM-CSI-SSB-ResourceSet is included in the LTM-CSI-ResourceConfig.
· A list of SSB resources and a list of candidate cell configuration indexes are included in the LTM-CSI-SSB-ResourceSet, and a 1-to-1 mapping rule exists between elements of the two lists.
· When a candidate cell configuration index is set to 0, the associated SSB should be referred to the serving cell configuration.
Activation of L1 measurement 
As for when UE starts to perform L1-RSRP measurement on which candidate cells, the general understanding is that UE performs L1-RSRP measurement on all configured candidate cells after the measurement RS configuration of candidate cell(s) is received by the UE. However, this is highly complex and requires a lot of computation capabilities, especially when the number of candidate cells is large. If the number of candidate cell(s) to perform L1-RSRP measurement exceeds UE capability, it requires UE to select some of them for measurement and reporting. Compared to UE selection, it is more reasonable for gNB to handle it since the gNB has more priori information about candidate cell(s). Thus, to improve the L1 measurement efficiency based on limited UE capability, a subset of candidate cell(s) from the RRC-configured candidate cells/RSs for L1-RSRP measurement can be indicated via MAC CE by gNB. 
[bookmark: _Hlk142640644][bookmark: _Hlk142640664]Support to introduce MAC CE to activate L1-RSRP measurement on a subset of RRC-configured candidate cells/RSs to improve measurement efficiency, especially when the number of RRC-configured candidate cells for L1-RSRP measurement is large.   
Report contents
After the L1 measurement, the report contents and report format need to be determined. In the last meeting, the following working assumption was made. To determine the report contents and payload size, the number of beams/cells to be reported should be confirmed first. Therefore, the working assumption should be confirmed. As for whether the reported number of candidate cell can be configured as 1 or not, it should be determined by whether UE supports the measurement result(s) of the serving cell is always to be reported. If it is supported by UE, to facilitate cell switch, the value of L must be larger than 1. Otherwise, it can be configured as 1.  
	Working Assumption
For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
·     M = 1, 2, 3, 4
·     L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability


[bookmark: _Hlk142640696]Support to confirm the following working assumption, and if the measurement result(s) of serving cell is always to be reported is supported by UE, the value of L should be larger than 1.
	Working Assumption
For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
·     M = 1, 2, 3, 4
·     L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability


Considering the value of L can be larger than 1, besides measurement resource indices and L1-RSRP measurement result, whether to report the measurement RS configuration index or cell identity should be discussed. The reported measurement RS configuration index or cell identity is used to inform the network of the cell to which the reported measurement result(s) belongs and facilitate the network to make handover decisions. In our view, this issue should be considered together with the reporting configuration framework. If an association between measurement resource index and measurement RS configuration index is provided in the reporting configuration framework for LTM, which like in section 2.1, it is unnecessary to report measurement RS configuration index or cell identity to the network.
If Proposal 1 is agreed, only measurement RS indices and corresponding L1-RSRP measurement results need to be reported.
After the determination of report contents, another remaining issue is how to report the L1-RSRP measurement result. In the last meeting, the following alternatives were discussed without any consensus. 
· Alt-1: Differential encoding is performed per cell, i.e., for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
· Alt-2: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams
· Alt-3:  Take the following 2-step approach 
· Step one: Differential encoding is performed per cell, i.e., for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.
From the perspective of payload size, Alt-1 has the largest overhead, Alt-2 has the same payload size as Alt-3. Alt-3 is a two-step differential approach. If both the step-1 and step-2 differential operations are executed based on the differential SS-RSRP measurement (for L1 reporting) report mapping table defined in TS38.133[2], the reporting accuracy of Alt-3 is same as Alt-2. Thus, there are no additional benefits for Alt-3 with more complicated steps, except for introducing a new differential SS-RSRP measurement report mapping table with a smaller step value. However, introducing a new differential SS-RSRP measurement report mapping table would introduce a huge load to RAN4. Combining all the above aspects, Alt-2 is the most suitable.
Support reusing legacy L1-RSRP differential report for LTM, i.e., a beam with the largest L1-RSRP value among M *L beams is to apply absolute L1-RSRP and the differential L1-RSRP is applied to M*L-1 beams.
Priority of reports

According to the agreement achieved in the previous meetings, LTM report is only agreed to be reported on UCI. CSI reports for LTM candidate cell(s) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig according to RAN2 LS [1]. It means LTM-ReportConfig is different from CSI-ReportConfig. Thus, legacy priority rules for CSI reports cannot apply to LTM. To solve this issue, an additional factor can be introduced in the legacy priority formula for CSI reports as follows:








The enhanced priority formula is applicable for LTM report and CSI report. A report with higher priority value calculated by the enhanced priority formula has lower priority. To improve flexibility, the value of is determined by the network. For example, right before handover, UE will receive an indication or RRC-reconfiguration parameter to inform that LTM reports have higher priority than CSI reports. In this case, for LTM reports, and  for CSI reports. If no handover is expected, an indication or RRC-reconfiguration parameter to inform that CSI reports have higher priority than LTM reports. Thus, for LTM reports, and  for CSI reports. Besides factor , other factors involved in the enhanced priority formula are interpreted as follows:
· y=0 for aperiodic CSI/LTM reports to be carried on PUSCH, y=1 for semi-persistent CSI/LTM reports to be carried on PUSCH, y=2 for semi-persistent CSI/LTM reports to be carried on PUCCH and y=3 for periodic CSI/LTM reports to be carried on PUCCH;
· k=0 for CSI/LTM reports carrying L1-RSRP or L1-SINR and k=1 for CSI reports not carrying L1-RSRP or L1-SINR;
· 
c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;
· 
s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations when the report is a CSI report, or is the value of the maximum number of configured LTM-ReportConfig when the report is a LTM report.
When a UE is configured to transmit two colliding reports, including LTM report and LTM report, or CSI report and LTM report, or CSI report and CSI report, the legacy transmission strategy could be reused as follows:
· If y values are different between the two reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3: 
· The report with higher value shall not be sent by the UE.
· Otherwise, the two reports are multiplexed or either is dropped based on the priority values.
[bookmark: _Hlk142640735]Support to introduce an additional factor to the legacy CSI report priority formula to indicate whether LTM reports have higher priority than CSI reports, and the value of the additional factor is up to network configuration or indication. 
Beam indication 
In the last meeting, agreements relevant to the beam indication were achieved as listed below [3]:
	Agreement
· Each TCI state included up to 2 qcl-types and each qcl-type source RS in a QCL-Info of the TCI state is provided at least based on the RS configuration for LTM
· FFS: other RS index outside measurement RS configuration for LTM
· FFS: Additional contents of TCI states for LTM
Conclusion
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported

Conclusion
For R18 LTM, in order to activate multiple joint TCI state or/and pair of (DL/UL) TCI states for candidate cell case, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message.
· FFS: UE assumption on the active TCI states other than the indicated TCI state after the reception of the cell switch command.



	Agreement 
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.
Agreement
· 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


TCI state configuration
Three remaining issues related to TCI state configuration need to be discussed. The first one is the design of the TCI state pool for LTM. According to the reply LS from RAN2 [4], the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration). But the design of the TCI state pool for each candidate cell has not been determined. As shown in Figures 2 and 3, two potential alternatives of TCI state pool for LTM can be considered and down select one of them. 


Mixed TCI state pool


Independent TCI state pool
In Rel-17, mixed TCI state pool has been supported for ICBM, and AddtionalPCI is introduced in the TCI state to support inter-cell beam indication. Compared to introducing an independent TCI state pool, mixed TCI state pool has less specification impact. And TCI state activation and beam indication mechanism for LTM can completely reuse that of Rel-17 ICBM. To support LTM, additional information about the candidate cell, e.g., frequency indicator, needs to be acknowledged by UE before cell switch. 
Support mixed state pool for LTM, i.e., some TCI states in the TCI state pool are associated with candidate cells and other TCI states in the TCI state pool are associated with the serving cell.   
The second remaining issue about TCI state configuration is RS configuration in the TCI state configuration for candidate cells. This issue can be divided into two sub-issues as follows:
· Issue 2-1: Whether to support the QCL source RS of the TCI state provided by other RS index outside measurement RS configuration for LTM?
· Issue 2-2: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB?
For issue 2-1, it was agreed that QCL source RS of the TCI state is provided based on the RS configuration for LTM in the last meeting.  For the case of the QCL source RS of the TCI state provided by other RS index outside measurement RS configuration for LTM, we cannot understand its motivation. If the QCL source RS of indicated TCI state is provided by other RS index outside measurement RS configuration for LTM, it means UE never monitors the QCL source RS before the cell switch, i.e., the indicated TCI state is unknown to UE. And UE cannot transmit data based on the indicated TCI state until L1-RSRP measurement on the QCL source RS is complete, where longer beam application time is needed. Therefore, we do not support it.
For issue 2-2, TRS tracking for candidate cell(s) before cell switch had been excluded in the last meeting. Only SSB-based L1-RSRP measurement is agreed to be performed before cell switch. However, in the current specification, the QCL source RS of TCI state applicable for PDCCH and PDSCH only can be CSI-RS for beam management or CSI, or TRS. If this rule is broken only for LTM, huge specification change would follow. To minimize specification impact, the most straightforward way is to reuse legacy TCI state configuration and modify UE behavior. In other words, the QCL source RS of TCI state applicable for PDCCH and PDSCH is still CSI-RS or TRS, and they are quasi co-located with SSB from corresponding candidate cell(s). After UE receives the cell switch command, it would transmit/receive data based on the spatial relation/QCL assumption determined by the indirect QCL source RS of the indicated TCI state, i.e., SSB, rather than the CSI-RS or TRS. 
Do not support the QCL source RS of the TCI state provided by other RS index outside measurement RS configuration for LTM.
Support to reuse legacy TCI configuration for PDCCH/PDSCH, e.g., CSI-RS resource is configured as QCL source RS of the TCI state and the CSI-RS resource is QCLed with SSB. UE only needs to monitor SSB, rather than CSI-RS. 
The last issue of TCI state configuration is whether to introduce additional contents to TCI state configuration for LTM. In legacy unified TCI state configuration, besides the QCL source RS index, the high layer parameters of cell and BWP are also included in the TCI state/TCI-UL-State, and the high layer parameters of PathlossReferenceRS-Id and ul-powerControl are also included in TCI-State when joint TCI mode is configured, or in TCI-UL-State when separate TCI mode is configured. To guarantee UL transmission after cell switch, power control-related parameters should be included in the TCI state configuration for LTM. As for the parameters of cell and BWP, it is mainly used for across CCs/BWPs cases and used to indicate the BWP/CC where the QCL source RS is located. For LTM, the cell that the QCL source RS belongs to is mainly the potential target SpCell, and the BWP that the QCL source RS is located in is the firstActiveBWP configured in the potential target SpCell. Therefore, they are not needed for LTM.  Besides parameters in the legacy unified TCI state configuration, to support the mixed TCI state pool mentioned in the first issues, the cell identity of the potential target SpCell should be included in the TCI state configuration for LTM.
Support to introduce cell identity of the potential target SpCell and power-control related parameters, i.e., pathlossReferenceRS-Id and ul-powerControl, to TCI state configuration for LTM.
TCI state activation
In the last meeting, MAC CE-based TCI state activation for candidate cell before the reception of cell switch command was agreed and the number of activated TCI states must be larger than 1 if supported. As only one TCI-State index or one pair of TCI-State and TCI-UL-State index indicated in the cell switch command can be applied after handover, UE behaviour on the other activated TCI states is not clear. In our understanding, the TCI state activation command is MAC CE, so the activation status of TCI-State and/or TCI-UL-State is stored in the MAC layer. According to the agreement in RAN2#122[5], MAC reset is always performed after cell switch command is received. Combined with the RAN2 agreement, activation status of TCI-State and/or TCI-UL-State will be flushed after the reception of cell switch command, so UE cannot maintain beam tracking for the activated TCI states other than the indicated TCI state.
 UE is not capable to maintain beam tracking for the activated TCI states other than the indicated TCI state after the reception of the cell switch command, as MAC reset is always performed after receiving the cell switch command. 
Besides MAC CE-based TCI state activation, PDCCH order-based TCI state activation was proposed in the last meeting. Compared to MAC CE-based, the application scenarios for PDCCH order-based TCI state activation are limited. For a UE not supporting early TA acquisition for candidate cell, it cannot be used. Moreover, the details of PDCCH order-based TCI state activation needs more discussion, such as the deactivation mechanism and so on. Therefore, we do not support introducing another TCI state activation approach to complicate the system design.   
Do not support using PDCCH order from serving cell to activate TCI state for candidate cell. 
Beam determination
In the RAN1#112 meeting, it was agreed that for scenario 2, the beam of signals/channels at the target cell(s) that follow or are configured to follow Rel-17 unified TCI state is determined by the indicated TCI state carried in the cell switch command. While for the signals/channels at the target cell(s) that do not follow or are configured not to follow Rel-17 unified TCI state, the beam determination rule was discussed and two alternatives are listed for down selection.
· Alt-1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell.
· Alt-4: No new behavior is introduced on top of Rel-17 unified TCI
The beam indication mechanism for signals/channels do not follow the indicated unified TCI state 
	DL
	UL

	PDCCH
	TCI State Indication for UE-specific PDCCH MAC CE
	Aperiodic SRS
	RRC configuration

	PDSCH scheduled by PDCCH does not follow the unified TCI state
	TCI States Activation for UE-specific PDSCH MAC CE + TCI field in DCI
	Semi-persistent SRS
	RRC configuration 

	Aperiodic CSI-RS
	RRC configuration 
	Periodic SRS
	RRC configuration

	Semi-persistent CSI-RS
	SP CSI-RS Resource Set Activation MAC CE 
	
	

	Periodic CSI-RS
	RRC configuration
	
	


As shown in Table 1, for the signals whose beam indication is configured by RRC signaling, after receiving the cell switch command and RRC signaling for the target cell is applied, UE can transmit/receive the signals based on TCI state/TCI-UL-State configured by RRC signaling. For semi-persistent CSI-RS, it is activated by MAC CE and corresponding beam indication is also carried in the MAC CE signaling. While for the PDCCH configured not to follow the unified TCI and PDSCH scheduled by the PDCCH, the determination of their QCL assumption needs further study. If they follow the indicated TCI state until a new TCI state is activated and indicated by the target cell, i.e., Alt-1, it violates the Rel-17 beam indication mechanism. The root cause of the confusion is the PDCCH and scheduled PDSCH are scheduled by the network before corresponding beam indications are provided. Therefore, to avoid confusion and reduce the number of UE blindly detecting PDCCH, it is better to limit the network to schedule transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling is received, which is for the PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH. Therefore, Alt-4 is preferred.
To avoid ambiguity of beam determination for PDCCH configured to not follow the unified TCI and scheduled PDSCH and reduce the number of UE blindly detecting PDCCH, it is expected that the network schedules transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling for PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH is received, i.e., Alt-4.
LTM in CA scenarios has been agreed in the RAN2#119-e meeting. Thus, more than one target serving cells are present. And, in the RAN1#111 meeting, for scenario 2, beam indication indicates TCI state for each target serving cell was agreed for CA scenarios. To ensure LTM works well, the TCI state for the target SpCell must be included in the cell switch command. As for the target SCell in intra-band CA case, if it is configured for simultaneous TCI update with the target SpCell, the indicated TCI state in the cell switch command should be applied to the target SCell. Otherwise, it is not necessary to indicate separate beam indication for the target SCell with the following consideration.
· Large measurement overhead. In general, the prerequisite for beam indication is beam measurement. If beam indication for target SCell is included in the cell switch command, beam measurement for target SCell should be performed before handover. In this case, UE needs to perform L1 measurement on candidate SpCell(s) and SCell(s) configured for the candidate SpCell(s).  The measurement overhead will be multiplied.
· Limited benefits. In the current network deployment, SpCell and SCell are co-located in most cases. Thus, SpCell and SCell can share the same beam indication to perform TCI updates simultaneously.  Furthermore, in the legacy handover procedure, beam indication for target SCell is not included either. And the beam indication for target SCell is transmitted after the handover is complete. Therefore, it is unnecessary optimization. 
Only the beam indication for target SpCell is included in the cell switch command, and the beam indication can be applied to a set of intra-band CCs, which are included in the same list of simultaneous TCI state updating as that including target SpCell.
Cell switch command
In the RAN1#112bis-e meeting, the following agreement about cell switch command was achieved [6]. 
	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· [bookmark: _Hlk134797462]Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)

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.
· Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.

Conclusion
· Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision.


For the contents to be included in the cell switch command, potential information is listed as the above agreement in the section. In this meeting, whether the presence of each field is mandatory or configurable needs to be discussed. And, our views on some fields are provided as follows.
Information to identify the target cell(s)
[bookmark: _Hlk134800599]For scenario 2, the presence of information to identify the target cell depends on the design of TCI state pool for LTM and the timing of TCI state activation. If the TCI state pool is the mixed mode, as shown in Figure 1, the indicated TCI state would associate with the identity of the target SpCell and it is unnecessary to introduce a field to indicate it separately.  If the TCI state pool is the independent mode, as shown in Figure 2, the presence of information to identify the target cell is up to the timing of TCI state activation. When the TCI state activation command is received before the cell switch command, the field of the identifier of the target SpCell is not needed. Since up to 8 TCI codepoints are included in the TCI state activation command and the beam indication only selects one of the activated TCI codepoints to use for transmission and reception on the target SpCell. In this procedure, the identifier of the target SpCell is carried in the TCI state activation command, rather than in the cell switch command.  When only one TCI codepoint is indicated in the TCI state activation command, i.e., joint TCI state activation and beam indication in the cell switch command, the field of the target SpCell identifier is present in the cell switch command.  
[bookmark: _Hlk142640901]For scenario 2, the field of the target SpCell identifier is present in the cell switch command only if the following conditions are fulfilled:
· Each candidate cell is configured with an independent TCI state pool, i.e., TCI states in the TCI state pool are associated with the identity of the candidate cell.
· only one TCI codepoint is indicated in the TCI state activation, i.e., joint TCI state activation and beam indication in the cell switch command.
1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
For scenario 2, the presence of beam indication field in the cell switch command should be considered with whether RACH procedure is performed in the process of handover or not. If the beam indication field is present but no TA-related information is indicated in the cell switch command, after receiving the cell switch command, RACH procedure will be triggered to achieve UL synchronization for target cell. After RACH procedure is complete, it is ambiguous for UE to determine the spatial relation/QCL assumption of the UL/DL channels/RSs for transmission and reception. As shown in Figure 4, the indirect QCL source RS of the TCI state indicated in the cell switch command is SSB#2, while the successful PRACH transmission for the target cell is associated with SSB#4. After the completion of RACH procedure, does UE receive the PDSCH with the same receive spatial filter for SSB#2 or SSB#4?  


RACH-based handover 
In our view, it is more reasonable that the subsequent data transmission/reception is performed based on the QCL assumption determined in the RACH procedure, rather than the pre-indicated TCI state/TCI-UL-State. To avoid ambiguity, the following aspects could be considered:
· [bookmark: _Hlk142473025]Option-1: The beam indication field in the cell switch command is optional. If RACH procedure needs to be performed in the process of cell switch, it is absent.
· Option-2: The beam indication field in the cell switch command is always present. If RACH procedure needs to be performed in the process of cell switch, the QCL assumption of channels/RSs does not follow the TCI state/TCI-UL-State indicated in the cell switch command either during or after cell switch, i.e., the beam indication field is ignored.
For scenario 2, to avoid the ambiguity about the determination of QCL assumption of channels/RSs when RACH-based handover is performed, one of the following solutions should be considered:
· Option-1: beam indication field in the cell switch command is optional. If RACH procedure needs to be performed in the process of cell switch, it is absent.
· Option-2: beam indication field in the cell switch command is always present. If RACH procedure needs to be performed in the process of cell switch, the beam indication field will be ignored.
If the presence of the beam indication field in the cell switch command is determined, its definition needs further discussion. Similar to the identifier of the target SpCell, the definition of the beam indication field depends on the timing of TCI state activation. As analyzed in the section of the information to identify the target Cell(s), if TCI state activation command is received before the cell switch command, the beam indication field can be interpreted by a codepoint index to indicate one of the activated TCI-States or one pair of activated TCI-States and TCI-UL-States. If TCI state activation is together with the cell switch command, i.e., only one TCI codepoint is indicated in the TCI state activation command, the beam indication field in the cell switch command should be interpreted by 1 joint or 1 pair of UL and DL unified TCI state index for the target SpCell.
For scenario 2, 
· when TCI state activation command is received before the cell switch command, a codepoint index to indicate an activated TCI codepoint included in the cell switch command is used to determine the TCI state of the target SpCell; 
· when TCI state activation command is together with the cell switch command, the field of 1 joint or 1 pair of UL and DL unified TCI state index for the target SpCell is present in the cell switch command.
UE arrival indication
The last step of the handover procedure is to inform the target cell of UE’s arrival. And following agreement about UE arrival indication has been achieved by RAN2#122 meeting [5].
	· Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
· the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
· upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 

· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization.


According to the agreement mentioned above, CG-based arrival indication is introduced for LTM. The motivation for CG-based arrival indication is to avoid interaction between F1 interference and reduce handover latency. In this case, the target cell cannot obtain beam-related information from the source cell directly. Thus, the association between DL beams and CG occasions needs to be introduced. When a CG occasion is monitored by the target cell, the corresponding DL Tx spatial filter will be determined. To support this, the most straightforward way is to introduce a mapping rule between SSB resource set and CG occasions for candidate cell(s). In release 17, such mapping rule has been introduced for SDT and the SSB resource set is a subset of SSB configured for the serving cell. For LTM, as the mapping rule is used to inform the potential target SpCell of the DL beam which is indicated in TCI state, the SSB resource set should made up of SSB referred to QCL source RS index included in the TCI states associated with the potential target SpCell. The mapping ratio between CG occasion and SSB includes 1/8, 1/4, 1/2, 1, 2, 4, 8, and 16 in Rel-17 SDT. If the mapping ratio with values of smaller than 1 is also supported in LTM, one CG occasion would be associated with multiple SSBs. In this case, the potential target SpCell cannot determine the DL beam according to the received CG occasion. To solve this issue, the beam-related information indicated in the cell switch command, i.e., TCI state index or a pair of TCI state and TCI-UL-State index, needs to be carried in the CG PUSCH to be transmitted to the target SpCell.
 Support to introduce a mapping rule between SSB within a SSB resource set and CG occasions for LTM to inform the target cell of beam-related information, where the SSB resource set is made up of SSB corresponding to QCL source RS index included in TCI states.
· When the mapping ratio between CG occasion and SSB is smaller than 1, the TCI state index or a pair of TCI state and TCI-UL-State index need to be carried on CG occasion(s) to inform NW.
Besides the association between CG occasion and SSB, another issue having specification impact on RAN1 is how to transmit the CG PUSCH, such as the transmission power and Tx spatial filter. In unified TCI framework, TCI state and TCI-UL-State are associated with power control parameters, i.e., pathlossReferenceRS-Id and ul-powerControl. The transmission power of UL channels is determined by the power-control parameter associated with the indicated unified TCI state. Due to LTM being operated under the unified TCI framework and a TCI state index or a pair of TCI state and TCI-UL-State index is indicated in the cell switch command, the determination rule of transmission power mentioned above can be also applicable for the CG PUSCH transmission.  In addition, the Tx spatial filter is determined by the TCI state or TCI-UL-State indicated in the cell switch command.
After receiving the cell switch command, UE performs the following operation:
· Determines the CG occasions associated with the SSB referred to indicated TCI state.
· Determine transmission power of the CG occasions based on the uplink power control parameters associated with/included in the indicated TCI State or TCI-UL-State.
· Determine the Tx spatial filter of the CG occasions based on the indicated TCI State or TCI-UL-State.
Conclusions 
1. Support reusing Rel-17 ICBM reporting configuration framework for LTM.
· Each LTM-ReportConfig is associated with one LTM-ResourceConfig.
· Only one LTM-SSB-ResourceSet is included in the LTM-ResourceConfig.
· A list of SSB resources and a list of candidate cell configuration indexes are included in the LTM-SSB-ResourceSet, and a 1-to-1 mapping rule exists between elements of the two lists.
· When a candidate cell configuration index is set to 0, the associated SSB should be referred to the serving cell configuration.
Support to introduce MAC CE to activate L1-RSRP measurement on a subset of RRC-configured candidate cells/RSs to improve measurement efficiency, especially when the number of RRC-configured candidate cells for L1-RSRP measurement is large.   
Support to confirm the following working assumption, and if the measurement result(s) of serving cell is always to be reported is supported by UE, the value of L should be larger than 1.
	Working Assumption
For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
·     M = 1, 2, 3, 4
·     L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability


If Proposal 1 is agreed, only measurement RS indices and corresponding L1-RSRP measurement results need to be reported.
Support reusing legacy L1-RSRP differential report for LTM, i.e., a beam with the largest L1-RSRP value among M *L beams is to apply absolute L1-RSRP and the differential L1-RSRP is applied to M*L-1 beams.
Support to introduce an additional factor to the legacy CSI report priority formula to indicate whether LTM reports have higher priority than CSI reports, and the value of the additional factor is up to network configuration or indication. 
Support mixed state pool for LTM, i.e., some TCI states in the TCI state pool are associated with candidate cells and other TCI states in the TCI state pool are associated with the serving cell.   
Do not support the QCL source RS of the TCI state provided by other RS index outside measurement RS configuration for LTM.
Support to reuse legacy TCI configuration for PDCCH/PDSCH, e.g., CSI-RS resource is configured as QCL source RS of the TCI state and the CSI-RS resource is QCLed with SSB. UE only needs to monitor SSB, rather than CSI-RS. 
Support to introduce cell identity of the potential target SpCell and power-control related parameters, i.e., pathlossReferenceRS-Id and ul-powerControl, to TCI state configuration for LTM.
UE is not capable to maintain beam tracking for the activated TCI states other than the indicated TCI state after the reception of the cell switch command, as MAC reset is always performed after receiving the cell switch command. 
Do not support using PDCCH order from serving cell to activate TCI state for candidate cell. 
To avoid ambiguity of beam determination for PDCCH configured to not follow the unified TCI and scheduled PDSCH and reduce the number of UE blindly detecting PDCCH, it is expected that the network schedules transmission only based on the CORESET following Rel-17 unified TCI before the dedicated beam indication signaling for PDCCH configured to not follow the unified TCI and PDSCH scheduled by the PDCCH is received, i.e., Alt-4.
Only the beam indication for target SpCell is included in the cell switch command, and the beam indication can be applied to a set of intra-band CCs, which are included in the same list of simultaneous TCI state updating as that including target SpCell.
For scenario 2, the field of the target SpCell identifier is present in the cell switch command only if the following conditions are fulfilled:
· Each candidate cell is configured with an independent TCI state pool, i.e., TCI states in the TCI state pool are associated with the identity of the candidate cell.
· only one TCI codepoint is indicated in the TCI state activation, i.e., joint TCI state activation and beam indication in the cell switch command.
For scenario 2, to avoid the ambiguity about the determination of QCL assumption of channels/RSs when RACH-based handover is performed, one of the following solutions should be considered:
· Option-1: beam indication field in the cell switch command is optional. If RACH procedure needs to be performed in the process of cell switch, it is absent.
· Option-2: beam indication field in the cell switch command is always present. If RACH procedure needs to be performed in the process of cell switch, the beam indication field will be ignored.
For scenario 2, 
· when TCI state activation command is received before the cell switch command, a codepoint index to indicate an activated TCI codepoint included in the cell switch command is used to determine the TCI state of the target SpCell; 
· when TCI state activation command is together with the cell switch command, the field of 1 joint or 1 pair of UL and DL unified TCI state index for the target SpCell is present in the cell switch command.
Support to introduce a mapping rule between SSB within a SSB resource set and CG occasions for LTM to inform the target cell of beam-related information, where the SSB resource set is made up of SSB corresponding to QCL source RS index included in TCI states.
· When the mapping ratio between CG occasion and SSB is smaller than 1, the TCI state index or a pair of TCI state and TCI-UL-State index need to be carried on CG occasion(s) to inform NW.
After receiving the cell switch command, UE performs the following operation:
· Determines the CG occasions associated with the SSB referred to indicated TCI state.
· Determine transmission power of the CG occasions based on the uplink power control parameters associated with/included in the indicated TCI State or TCI-UL-State.
· Determine the Tx spatial filter of the CG occasions based on the indicated TCI State or TCI-UL-State.
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