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[bookmark: _Toc116995841]Introduction
In this contribution we discuss some of the open issues related to general aspects of LTM.
Early TCI state activation for LTM candidate cell
The following issues were included in the WF for part 1 of the further mobility enhancements WI in RAN4#108 meeting in [1].
	Issue 1-1-2: UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command
<Way Forward>
· After the TCI state of a neighbour cell is activated, UE performs SSB based T/F tracking, and UE is not required to activate the corresponding BWP.

Issue 1-1-3: Whether to define TCI state switching delay requirements for TCI state activation of neighbour cell before cell switch command
Issue 1-1-4: Tracking period of neighbor cell when TCI state is activated of neighbour cell before cell switch command
Issue 1-2-1-2: The conditions to define the requirements of PDCCH ordered RACH for neighbor cell
Issue 1-2-2-1: Whether additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
Issue 1-2-2-2: The conditions that additional time for DL synchronization is needed in the delay requirements for PDCCH ordered RACH before cell switch command
< Agreement>
· Applicability of UL Tx timing requirements for PDCCH ordered PRACH to target cell
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet Te requirements. otherwise, additional time for SSB based T/F tracking is needed.
If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.
<Way forward>
· Issues 1-1-3, 1-1-4, 1-2-1-2, 1-2-2-1 and 1-2-2-2 are closed.

Issue 1-1-5: Whether to consider TCI state activation on multiple neighbour cell before cell switch command
<Way Forward> FFS the following options:
· Option 1 (Apple): it is unnecessary for UE to perform T/F fine tracking for multiple candidate cells before cell switch command, considering the following aspects:
· Availability of 160ms SSB may not be guaranteed if UE needs to perform T/F fine tracking for multiple candidate cells.
· Candidate cells quality monitoring can be covered by L3 and L1 measurement.
· Network is expected to trigger TCI state activation and PDCCH order for target cell to which cell switch will be triggered soon.
· Option 2 (CATT, xiaomi, ZTE): RAN4 to discuss UE capability to support T/F fine tracking on multiple candidate cells
· Xiaomi: RAN4 to discuss the delay requirement of TCI state activation for multiple candidate cells.
· Option 3 (OPPO): RAN4 consider to define UE capability on T/F fine time tracking on candidate cells if not defined by RAN1.
· Option 4 (Nokia): Wait for RAN1/RAN2 agreements on activation of more than one joint or separate DL/UL TCI states for one or more LTM candidate cells before defining the corresponding requirements.




Early TCI state activation delay
In the last RAN4 meeting it was discussed whether TCI state activation delay requirements need to be defined for TCI state activation for a candidate cell before the cell switch. As we stated in the last meeting, in our view such requirement is necessary so that the network knows when it can assume the TCI state activation to be completed by the UE. 
Some companies commented that if the TCI state activation is not completed by the time of the cell switch command, the UE just continues the activation during the cell switch. While we understand that this is true and according to the RAN1/RAN2 defined LTM procedure and the cell switch command does not as such differ depending on whether TCI state for the target is activated before or at the cell switch command, from network point of view, not knowing when the TCI state can be expected to be activated would in some cases make the early TCI state activation useless. The point of early TCI state activation is that the UE does not need to activate the target TCI state during the cell switch. From network point of view, it makes no sense to send an activation command for a candidate cell TCI state before the cell switch command, if the network cannot expect that the TCI state is then active by the time of the cell switch. Therefore, network needs to have some knowledge about when the TCI state can be assumed to be active, and therefore, when the network can send the LTM cell switch command or PDCCH order for TA acquisition with the assumption that TCI state activation does not need to be done during the cell switch or early RACH. 
TCI state activation for LTM candidate cell, even though it is based on different MAC-CE than TCI state activation for serving cells, is still a similar procedure as in the legacy requirements. Therefore, we think the TCI state activation delay requirement (MAC-CE based TCI state switch delay or active TCI state list update in the case of multiple activated TCI states) can be reused.
[bookmark: _Toc146741230]RAN4 to define TCI state activation delay requirement for early TCI state activation for LTM candidate cell before the cell switch. Legacy TCI state switching delay for unified TCI state can be reused.
Furthermore, RAN4 agreed that at LTM cell switch, only known target TCI state is considered. For early TCI state activation, also unknown TCI states may be considered by following the legacy requirements. Known TCI state condition for uplink and downlink TCI states can be reused from the legacy as well.
[bookmark: _Toc146741231]Take both known and unknown UL/DL TCI states into account in the early TCI state activation delay requirement.
TCI state activation for multiple candidate cells
RAN1 has agreed that TCI state activation by MAC CE before cell switch command for one or more candidate cells is allowed. When TCI state is activated for a candidate cell, the UE is expected to keep track of the timing of these cells. In the last meeting, in issue 1-1-5, it was proposed to discuss for how many candidate cells the UE can perform T/F tracking.
In our view, if the network activates TCI state(s) for multiple candidate cells and the UE is not able to track the timing for all of the activated TCI states, it is not clear how the UE would select the TCI states it actually activates i.e. does the time tracking for. Such information is not visible to the network, so the network would not know which TCI states are actually active and UE has done the T/F tracking. Therefore, in our view the UE should as a default be able to do T/F tracking and keep track of the timing for all TCI states that are on its active TCI state list for LTM candidate cells.
If there are limitations on the number of TCI states the UE can track the timing for, this should be visible to the network as a UE capability, so that the network will not activate TCI states for more candidate cells than the UE is capable of doing the time tracking for.
[bookmark: _Toc146741232]UE shall do T/F tracking and keep track of the timing of all TCI states on its active TCI state list for one or more LTM candidate cells. 
[bookmark: _Toc146741233]RAN4 to discuss how many candidate cells/TCI states the UEs are capable to do the time tracking for, and a corresponding UE capability should be defined.

TCI state activation in role switch scenario
When the target LTM candidate cell is a current serving cell e.g. a current SCell (role switch scenario), the target cell may already have TCI state(s) active on its active TCI state list for intra/inter cell beam management. However, as per the following agreement in RAN2, the TCI states for serving cells and TCI states for LTM candidate cells are included in different TCI state pools (i.e. list of configured TCI states) than the serving cell TCI states. 
	RAN2 #121bis-e (April 2023):
· RAN2 assumes that 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).



Therefore, activating a TCI state for an LTM candidate cell will place the TCI state on a different active TCI state list than TCI states that are activated for the current serving cells. When LTM candidate cell configuration contains current serving cells, TCI state pools and consequently active TCI state lists for LTM candidate cells and current serving cells may include some same TCI states.
[bookmark: _Toc146741234]TCI states for LTM candidate cells and current serving cells are coming from different TCI state pools. Therefore, active TCI state lists for serving cells and LTM candidate cells are different, and a TCI state may be active on the serving cell active TCI state list but not on the LTM candidate cell active TCI state list.
When the UE receives an LTM cell switch command indicating a TCI state for a target cell that is a current serving cell, we do not see a need for a UE to do the time tracking (activation) for that TCI state for a second time, if the TCI state is already considered active on the serving cell active TCI state list. Instead, the TCI state should be considered already active also in this case. For example, a TCI state which is, however, belonging to the LTM TCI state pool (associated with a current SCell as a part of the LTM configuration) but has common RS configuration (e.g., same RS ID or have relation in terms of QCL assumption as described above) with the activated TCI state of the current beam management pool, can be considered as active for LTM without any need of a separate TCI activation command. Even if  TCI activation is performed for LTM, and such activation contains a TCI state which can be mapped to an activated beam management TCI state (as described above), the activation latency can be considered zero in such a case. 
Same applies for PDCCH order, where the TCI state of the cell in the order (i.e., TCI state associated with the SSB index given in the PDCCH order) shall be considered activated either based on LTM TCI state activation or TCI state activation for the serving cell and the SSB index may be either on the LTM active TCI state list or serving cell active TCI state list. 
[bookmark: _Toc146741235]When the target cell is a current serving cell (role switch) and the target TCI state in LTM cell switch command or SSB index indicated in PDCCH order is already on the active TCI state list for that serving cell or on the LTM candidate cell active TCI state list, consider the target TCI state activated.
Considering RAN4 requirements, Proposal 5 means that TCI already being on the “active TCI state list” shall refer to any active TCI state list independent of the TCI state pool.


Beam application time
In the last meeting RAN4 discussed the LS response to RAN1 LS [1], where one of the questions to RAN4 considers beam application time at LTM cell switch. The relevant part of the LS is:
	A. Beam application time

RAN1 has made the following agreement in RAN1#113:

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

RAN1 respectfully asks RAN2 and RAN4 to provide their feedback to complete the RAN1 work on beam switching time for LTM.




The response RAN4 sent in the last meeting was just to inform RAN1 about the ongoing RAN4 discussions.
	RAN4 is still discussing whether beam application time shall be taken into account in RAN4 cell switch delay requirements and the possible latency when UE is ready for PDCCH in target cell in different scenarios.



For legacy unified TCI state switching requirements, beam application time is defined for DCI-based TCI state switch (indication) as below:
	8.15.4	DCI based downlink TCI state switch delay
When a UE is configured with the higher layer parameter with DLorJointTCIState or UL-TCIState, activated with TCI states for downlink transmission by MAC CE indication of more than one codepoints, and receives DCI format 1_1/1_2 with or without DL assignment providing indicated TCI-State or TCI state pair in the active TCI list for a CC, the UE transmits a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication.
If the target TCI state is known, the downlink TCI switching to the indicated DL TCI state or joint TCI state in the DCI format shall be completed starting from the first slot that is at least BeamAppTime-r17 symbols after the last symbol of the PUCCH carrying HARQ-ACK in response to the DCI triggering TCI state activation. The first slot and the BeamAppTime-r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The value of BeamAppTime-r17 is defined in TS 38.331 [2]. The known condition for TCI state defined in clause 8.15.2 is applied.



As shown above, the delay starting point is the UE transmission of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication. The ending point is at the first slot that is at least BeamAppTime-r17 symbols after the last symbol of the PUCCH carrying HARQ-ACK in response to the DCI triggering the TCI state activation.
BeamAppTime-r17 is defined in TS 38.133 and gets the following values:
[image: ]
[bookmark: _Toc142663275][bookmark: _Toc146741236]For DCI-based TCI state indication in Rel-17, beam application time is defined as the time from when the network receives from the UE a HARQ-ACK response to the DCI until the slot where the indicated TCI state is considered applied. 
Similar to legacy, RAN1 has agreed that also for LTM cell switch, beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s). In the RAN1 LS to RAN4, what RAN1 is asking is whether the components of the beam application time as described in the LS are taken into account in the cell switch delay by RAN4. 
Based on the current RAN4 agreements, there is no final consensus or agreements on any of the components RAN1 has listed. However, in our view RAN4 has already started the discussion on each of the components individually. Moreover, the listed aspects are discussed in:
· Whether TCI state activation is received before/together with cell switch command: Discussed at least as part of the definition of T∆ and Tmargin
· Legacy values, i.e.  and BeamAppTime-r17: MAC-CE processing is discussed as part of Tcmd.
· RF retuning time when inter-frequency switch is performed, which is up to RAN4: Discussed as part of TLTM_processing
· Whether the target cell is one of the current serving cells: Discussed at least as part of TLTM_processing, T∆ and Tmargin
In our view, whether and how beam application time is defined for LTM cell switch is up to RAN1 to decide. However, RAN1 cannot do this without knowing the LTM cell switch delay, which is defined by RAN4. What RAN1 is asking and what RAN4 should respond is therefore the RAN4 agreements regarding the cell switch delay and how the components listed in the LS are taken into account in the delay. 
Considering that the cell switch delay requirements are still under discussion in RAN4, depending on the status of the discussion by the end of the RAN4#108bis meeting, we would propose to send any agreements made before or during RAN4#108bis meeting in an LS to RAN1, so that RAN1 can conclude the work regarding beam application time (i.e. whether or how to define it).
[bookmark: _Toc146741237]RAN4 to send the agreements related to LTM cell switch delay as an LS response to RAN1 LS about beam application time.
Measurements and reporting during active data transmission.
LTM measurements are only needed when LTM mobility is needed. And LTM mobility is not always needed but would mostly be needed to facilitate the goals of LTM. Hence, LTM measurements may not always be needed by the network, and this may lead to that the UE performs unnecessary LTM assistance measurements.
There may be multiple negative impacts from performing LTM L1 measurements: 
· Depending on the UE capability, LTM measurements may cause interruptions on the serving cell depending on the UE capability of performing L1/L3 measurements on one or more neighboring cells.
· UE measurement burden impacts the UE power consumption. Hence, additional measurements for LTM will likely increase UE power consumption
UE should only perform and/or report relevant LTM assistance measurements when here is need for a LTM mobility and can report these to network in a timely manner. Naturally, when there is no need for a LTM mobility, the UE is not required to perform and/or report LTM assistance measurements.
The UE should only perform LTM measurements when the UE is in active data transmission, for example when the UE is in Active time or when the Inactivity timer is running in the UE. When the Inactivity timer is not running in the UE (or UE is not in active time) the UE is not required to perform LTM measurements and/or reporting.
[bookmark: _Toc146741238]UE is not required to perform LTM measurements when UE is not in active data transmission.
[bookmark: _Toc116995848]Conclusion
In this contribution we have made the following proposals and observations:
Proposal 1: RAN4 to define TCI state activation delay requirement for early TCI state activation for LTM candidate cell before the cell switch. Legacy TCI state switching delay for unified TCI state can be reused.
Proposal 2: Take both known and unknown UL/DL TCI states into account in the early TCI state activation delay requirement.
Proposal 3: UE shall do T/F tracking and keep track of the timing of all TCI states on its active TCI state list for one or more LTM candidate cells.
Proposal 4: RAN4 to discuss how many candidate cells/TCI states the UEs are capable to do the time tracking for, and a corresponding UE capability should be defined.
Observation 1: TCI states for LTM candidate cells and current serving cells are coming from different TCI state pools. Therefore, active TCI state lists for serving cells and LTM candidate cells are different, and a TCI state may be active on the serving cell active TCI state list but not on the LTM candidate cell active TCI state list.
Proposal 5: When the target cell is a current serving cell (role switch) and the target TCI state in LTM cell switch command or SSB index indicated in PDCCH order is already on the active TCI state list for that serving cell or on the LTM candidate cell active TCI state list, consider the target TCI state activated.
Observation 2: For DCI-based TCI state indication in Rel-17, beam application time is defined as the time from when the network receives from the UE a HARQ-ACK response to the DCI until the slot where the indicated TCI state is considered applied.
Proposal 6: RAN4 to send the agreements related to LTM cell switch delay as an LS response to RAN1 LS about beam application time.
Proposal 7: UE is not required to perform LTM measurements when UE is not in active data transmission.
[bookmark: _Toc116995849]
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