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Introduction
In this contribution we discuss the remaining open issues related to LTM RRM requirements[1].
Early ASN.1 decoding
RAN4 agreed the following specification text for the early ASN.1 decoding capability in RAN4#110 meeting for the LTM cell switch delay requirements:
	TLTM-RRC-processing is the time for ASN.1 decoding and validity/compliance check for the RRC configuration of the LTM target cell indicated in the LTM cell switch command. 
TLTM-RRC-processing = 0, if the UE supports [earlyDecodingAndValidityCheck] capability, and at least one of the following conditions is met:
· The number of candidate cells in the LTM candidate cell configuration does not exceed [number of candidate cells for early ASN.1 decoding and validity check],
· UE has received LTM candidate cell TCI state activation command for the target cell at least [FFS: THARQ + 13 ms or max{‘TCI activation delay’,  THARQ + 13ms}] before the LTM cell switch command, and the number of candidate cells with TCI state(s) in LTM candidate cell active TCI state list does not exceed [number of candidate cells for early ASN.1 decoding and validity check],
· UE has received PDCCH order for early RACH for the target cell. [FFS further conditions]
· [FFS: SCell is not part of the cell switch.]
Otherwise TLTM-RRC-processing = 10 ms.




Three conditions were agreed to cover the case when a UE supporting early ASN.1 decoding capability shall have pre-processed the target cell configuration and hence TLTM-RRC-processing = 0. 
One agreement that is missing is the time gap between TCI state activation command and cell switch command. From the options left FFS [FFS: THARQ + 13 ms or max{‘TCI activation delay’,  THARQ + 13ms}], we support THARQ + 13 ms. This gives the UE time to process the TCI state activation MAC-CE and to perform the 10 ms ASN.1 decoding and validity check. 
[bookmark: _Toc163482147]TLTM-RRC-processing = 0, if UE has received LTM candidate cell TCI state activation command for the target cell at least THARQ + 13 ms before the LTM cell switch command.
For PDCCH order based early ASN.1 decoding, we think 10 ms after receiving the PDCCH order should be sufficient to complete the early processing. 
[bookmark: _Toc163482148]TLTM-RRC-processing = 0, if UE has received PDCCH order for the target cell at least 10 ms before the LTM cell switch command.
One detail that is left unclear by the requirements is the case when TCI is activated for more candidate cells than the number of candidate cell configurations the UE is capable to process. Logically this limitation would also apply for PDCCH order. The current requirement leaves it unclear how long cell switch delay to expect if, for example, network activates TCI state for two cells and UE capability to decode candidate cell configurations is one. Network will not know which candidate cell configuration the UE decoded in this case. We would like RAN4 to discuss what is the expected UE behaviour in this case. Is the expectation that the UE will stop early processing after its capability is full and TCI state activations and PDCCH orders after that for other candidate cells will not trigger early processing for more candidate cells, or can the UE be expected to prioritize new TCI state activations and PDCCH orders after this?
[bookmark: _Toc163482149]For the conditions of early ASN.1 decoding capability, RAN4 to clarify the UE behaviour in case TCI activation command or PDCCH order is sent for more cells than UE capability to decode candidate cell configurations.  

PL-RS
When a unified TCI state i.e. joint DL/UL TCI state or a pair of separate UL and DL TCI states are activated for an LTM candidate cell either through early candidate cell TCI state activation MAC-CE or at the cell switch command together with TCI state indication, the UE is expected to do the time/frequency tracking for the downlink TCI state. However, it is not agreed when and how the UE shall perform the path loss estimation for the uplink TCI state. This was left as an open issue for the maintenance part.
The proposals related to PL-RS estimation captured based on companies’ proposals in the last RAN4 meeting were:
	Issue 3-2-2-1: Extra time for PL-RS measurement
<Way Forward >: Further discuss the following options
· Option 1 (Nokia): 
· When the target TCI state in the LTM cell switch command is on the active TCI state list, PL-RS is maintained, and no additional delay for PL-RS tracking is needed in the cell switch.
· The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.
· If TCI state is activated before cell switch, the UE shall do PL-RS estimation during the early TCI state activation. After TCI state activation, UE shall maintain the PL-RS for the active TCI state(s).
· When TCI state activation is done at the cell switch, UE may use the same SSB for PL-RS and fine T/F tracking (Tfirst-RS). No additional delay due to PL-RS is needed in the cell switch delay.
· UE can perform PL-RS estimation based on the same SSB as is used for T/F tracking at TCI state activation. Hence, no additional delay due to PL-RS is needed.
· Option 2 (MTK): 
· For RACH-based switch delay, the target PL-RS should be SSB and UE does not need extra time to measure the PL-RS.
· For RACH-less switch delay, UE does not need extra time to measure the PL-RS. The requirements are only applicable to the case when target PL-RS is maintained.
· During cell switch, PL-RS is maintained provided:
	-        the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-    Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability [MAC-CE activated joint LTM TCI states] or [MAC-CE activated DL/UL LTM TCI states]
-    The target pathloss reference signal remains detectable during cell switch delay
-    SNR of the target pathloss reference signal≥-3dB
-    The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-    SNR of the associated SSB ≥-3dB


· Option 3 (vivo): 
· PL-RS maintaining delay is not counted in the delay requirements for LTM cell switch, at least in R18. UE is not expected to transmit based on the target TCI at the end of the LTM cell switch.
· It is suggested that for RACH-less cell switch, RRM requirements are only applicable if the target cell is a current serving cell with uplink carrier, or an additional cell, which have UL TCI related requirements in R18.
· Option 4 (Ericsson): No additional delay or conditions are needed for PL-RS measurement.




Considering no online time was given to discuss this issue in the last meeting, we will repeat our proposals from the last meeting contribution in the following.
In the existing unified TCI state switching requirements, when uplink TCI state is activated, the UE is allowed a delay of NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for evaluating the path loss through PL-RS signals, if the target PL-RS is not maintained by the UE. 
In the legacy unified TCI state framework, PL-RS can be either SSB or CSI-RS. For a cell with a different PCI, in the current requirements, PL-RS is always SSB. Because it was agreed earlier to define only SSB-based LTM in Rel-18, as proposed in the last meeting, it makes sense that the PL-RS would also be configured to be an SSB, furthermore, same SSB as configured for L1-RSRP measurement. 
[bookmark: _Toc163482150]It is reasonable to assume that PL-RS of the TCI state is the SSB that is configured for L1-RSRP measurement for the candidate cell in question.
In our view, the purpose of early candidate cell TCI state activation is that the UE can skip the steps related to TCI state activation (DL synchronization and PL-RS estimation) at cell switch and consequently the cell switch delay can be shorter. Therefore, to avoid the need to perform PL-RS step during cell switch, if TCI state activation is done before the cell switch, the UE should also do path loss estimation at this point. Furthermore, the UE should continue maintaining the PL-RS for the active TCI states. When TCI state activation is done at the cell switch, the UE would logically do path loss estimation during the cell switch. 
[bookmark: _Toc163482151]If TCI state is activated before cell switch, the UE shall do PL-RS estimation during the early TCI state activation. After TCI state activation, UE shall maintain the PL-RS for the active TCI state(s).
The UE will perform L1 measurements and can also be assumed to perform L3 measurements for the cell before TCI state activation or cell switch command, so the UE should have some understanding of the path loss already based on those measurements. Hence, we do not think that there is a need for 5 samples of the configured PL-RS at the time of TCI state activation. Therefore, after receiving the early TCI state activation command or LTM cell switch command with TCI state activation and indication, we think it would be reasonable that the UE uses the same SSB (Tfirst-SSB/Tfirst-RS) for DL fine T/F tracking and PL-RS estimation. Hence, an additional delay due to PL-RS would not be needed in early TCI state activation delay or LTM cell switch due to PL-RS estimation. 
[bookmark: _Toc163482152]UE can perform PL-RS estimation based on the same SSB (Tfirst-SSB/Tfirst-RS) as is used for T/F tracking at TCI state activation. 
As proposed above, after early TCI state activation, it is reasonable to assume that the UE shall maintain the PL-RS for the candidate cell for which TCI state is activated. Therefore, if the target TCI state in the cell switch command is on the active TCI state list before the cell switch command, no additional time is needed for PL-RS during the cell switch.
If TCI state activation is done at the cell switch, PL-RS shall be part of the cell switch delay. In this case, similar to early TCI state activation, it can be assumed that the same SSB is configured as PL-RS as is configured for L1-RSRP measurement/as a QCL source for the DL TCI state, so the UE can use the same SSB that is used for DL synchronization (Tfirst-RS) also for PL-RS. Hence, no additional delay is needed for this step.
Based on this discussion, we conclude that no additional delay is needed due to PL-RS estimation during early TCI state activation or cell switch.
[bookmark: _Toc163125576][bookmark: _Toc163221251][bookmark: _Toc163125577][bookmark: _Toc163221252][bookmark: _Toc163482153]No additional delay due to PL-RS is needed at early TCI state activation or in the cell switch delay.
A remaining question is related to the number of PL-RS the UE shall be able to maintain for the LTM candidate cells for which TCI states are activated. For a serving cell, according to the current specifications, the UE shall be able to keep track of 4 PL-RSs. We think this capability for serving cells should be kept as it is and adding LTM on top of this should not change the serving cell requirement. Hence, on top of the serving cell requirement, the UE should be able to maintain a number of PL-RS for the LTM candidate cells. 
The number of TCI states the UE is capable to have on its LTM candidate cell active TCI state list was agreed as a UE capability in the RAN1 feature list in R1-2312572. 
	· 45-3a	MAC-CE activated joint LTM TCI states
· 
· In case of joint TCI states
· 
· Maximum number of MAC-CE activated joint LTM TCI states per candidate cell = {1, 2, 3, 4, ….15, 16}
· Maximum number of MAC-CE activated joint LTM TCI states across candidate cells and serving cells = {1, 2, 3, 4, 8, 16, 32}
In case of separate DL and UL TCI states
· Maximum number of MAC-CE activated DL TCI states per candidate cell = {1,2,3,4,5,6,7,8}
· Maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells = {1,2,3,8,16}
· Maximum number of MAC-CE activated UL TCI states per candidate cell = {1,2,3,4,5,6,7,8}
· Maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells = {1,2,3,8,16}



As a starting point, we think a reasonable expectation would be that the UE is able to maintain PL-RS associated to the cells for which TCI state is activated. However, the numbers agreed by RAN1 are fairly high, so RAN4 should discuss how many PL-RS the UE can be assumed to be able to maintain for LTM candidate cell active TCI states.
[bookmark: _Toc163482154]The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.

Interruption during PSCell switch
In the last meeting the following was proposed regarding interruption to other serving cells during PSCell switch:
	Issue 3-2-3-1: Tinterruption of PSCell switch
< Way forward>
· The interruption on MCG due to PSCell switch is the same as PSCell addition.



The intention behind the proposal under issue 3-2-3-1 is that when PSCell is switched, the connection to other serving cells will not be dropped which is the baseline in the case of PCell switch. Hence, the interruption requirement should not be the same as in the PCell switch case. We agree with this view.
For other SCG procedures such as PSCell change or addition, RAN4 has defined interruption requirements in section 8. The proposal in the last meeting was to follow the same interruption requirement as defined for PSCell addition, and that the interruption is only allowed during TLTM_processing. Before agreeing on the interruption requirement, we would like the proponent companies to clarify what part of the procedure causes the interruption on MCG due to LTM PSCell switch. Moreover, the interruption duration should be discussed, i.e. whether to use some existing interruption duration or a lower value.
[bookmark: _Toc163482155]RAN4 to discuss why and how long interruption would be needed due to LTM PSCell switch on serving cells in MCG.
TRS as QCL source
Whether to include TRS as QCL source in the LTM cell switch requirements has remained FFS until now. In the last meeting the following proposals were captured:
	Issue 3-2-1-2: T/F fine tracking when TRS as QCL source in cell switch delay command
<Way Forward> Further discuss the following options
· Option 1 (Nokia): RAN1 is still discussing the details of TRS working as a QCL source for LTM candidate cell TCI state, so the issue can remain FFS in RAN4 in this meeting.
· Option 2 (MTK)
· When TRS is configured as QCL source for the indicate TCI state in cell switch command, UE will perform TRS based T/F tracking only if T/F tracking during cell switch is needed. Otherwise, UE will not perform T/F tracking, regardless TRS or SSB based, during cell switch delay.



Based on the latest agreed feature group in RAN1 (FG 45-3, FG 45-3a, FG 45-4, FG 45-4a) UE may support either SSB, TRS or both as QCL source in both cell switch and early TCI activation. Such configuration is also supported by specification TS 38.213. Early TCI activation can be configured only either by using TRS or SSB association, therefore the UE should always know which one to follow. 
As defined already, when UE receives early TCI activation with only SSB association, the UE shall perform T/F tracking based on SSB, and no extra time for T/F tracking is needed during the cell switch command (Tfirst-RS = 0 and TRS-proc = 0). When the UE receives an early TCI activation with TRS association, similar to SSB-based requirement, UE is expected to derive T/F tracking based on TRS and no extra time is needed during the cell switch (Tfirst-RS = 0 and TRS-proc = 0).  When TCI is activated at cell switch, same principle applies: the UE uses either SSB or TRS for T/F fine tracking, depending on which one is configured as the QCL source for the target TCI state. Hence, we think it is sufficient to just add TRS as a possible QCL source on top of SSB in the cell switch delay requirement. We have captured this in our companion CR.
[bookmark: _Toc163482156][bookmark: _Toc163125585][bookmark: _Toc163125586]Add TRS as a possible QCL source for T/F tracking in RAN4 delay requirements. 
Requirements related to early TCI state activation
In the last meeting, the following proposals were made regarding early TCI state activation requirements:
	Issue 3-2-1-1: Time gap between early TCI state activation command and cell switch command
< Way forward>:
· FFS: The definition of Tfirst-SSB should be updated considering inter-frequency supported
· Extend the agreement “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.” to cover also the time gap between TCI state activation MAC-CE and LTM cell switch command
· FFS: whether to consider early TCI state activation for unknown TCI state



Furthermore, it was proposed to move the early TCI state activation delay requirement from cell switch delay section to a separate section.
Definition of TOk
Considering the definition of TOk for the early TCI state activation delay, we continue to propose:
[bookmark: _Toc163482157]Extend the agreement “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.” to cover also the time gap between TCI state activation MAC-CE and LTM cell switch command
The proposal would mean that in the definition of Tfirst-RS and TRS-proc, the definition of TOk is updated in the condition for time gap between TCI state activation and cell switch command to: TOk = 1 if the target TCI state in the candidate cell TCI state activation MAC-CE is not on the LTM candidate cell active TCI state list or serving cell active TCI state list for PDSCH/PDCCH, otherwise TOk = 0.

Whether to consider early TCI state activation for unknown TCI state
As we have proposed in the previous meetings, we think there is no need to limit the requirements for early TCI state activation to a known target TCI state. This limitation was agreed for TCI state activation during cell switch, because the expectation was that network would not trigger cell switch to an unknown TCI state, and unknown TCI state support would make the cell switch delay unnecessarily long. For early TCI state activation, we do not see a need for such limitation and hence we propose to cover both known and unknown target TCI state in the early TCI state activation delay requirements. 
In the previous RAN4 meeting some companies proposed new definition for known TCI state condition e.g. depending on whether the UE reported L1 or L3 measurements for the target cell. Since the process of TCI state activation for LTM is similar as legacy TCI state activation for unified TCI states, we do not see a need to define different known TCI state condition. We think the legacy known TCI state condition can be reused for this purpose. If the UE only performed L3 measurements before TCI state activation, then TCI state is considered unknown and the delay for unknown TCI state activation can be same as in the legacy requirements i.e. one L1-RSRP measurement period is added in the TCI state activation delay. 
[bookmark: _Toc163482158]Early TCI state activation requirements apply for both known and unknown TCI states. Legacy known TCI state condition and unknown TCI state switch delay can be reused.

Where to define early TCI state activation delay requirements
There were proposals about moving the TCI state activation delay to a separate section of TS38.133 from the cell switch delay section. As we were proposing until RAN4#109 meeting, we have initially preferred this way to capture the requirement. However, it was agreed in RAN4#109 meeting to instead define a time gap between TCI state activation and cell switch command in the cell switch delay requirement. Considering the earlier agreement, our view for this proposal is neutral. With the currently agreed LTM framework, we think there is no need to define TCI state activation delay that would be different from the legacy TCI state activation delay, except for some minor details of the delay parameters. Hence, defining a separate section is not mandatory. However, having the requirement in a separate section would improve specification readability in our view. 
Known cell condition 
In the last meeting, the following issues discussed updates to the known cell condition and requirement applicability in case there was no L1-RSRP report before cell switch:
	Issue 3-1-2: Applicable conditions
<Way Forward> Further discuss the following option
· Option 1 (vivo): 
· If an LTM cell switch is triggered, and the target LTM cell is known based on UE’s L3 reporting, and a TCI state is activated in the LTM cell switch command, RRM requirements are applicable only if the TCI state activated is based on the reported SSB index in L3 reports from the UE.



	Issue 3-3-1: known cell conditions< Way Forward>
Further discuss following option
· Proposal 3 (Ericsson): update the known cell conditions for LTM:
	· The target cell is known if it has been meeting the following conditions:
-    During the last 5 seconds before the reception of the handover cell switch command:
-    the UE has sent a valid L1 or L3 measurement report for the target cell and
-    One of the SSBs measured from the NR target cell configured for measurement remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell,
-    Or the cell was configured as LTM candidate cell and UE has received TCI state activation for the cell within last [X1ms], and
-    One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell.
· otherwise, it is unknown. 


 



In Rel-18, RAN4 has defined the requirement applicability so that for LTM L1 measurements, the LTM candidate cell is considered known if the UE has performed L3 measurements for that cell. For cell switch requirements, the target cell is considered known if UE reported L1 or L3 measurements within the last 5 seconds. The corresponding requirements only apply if the cell is known. Furthermore, for cell switch delay requirements to apply, also the target TCI state has to be known. Under the agreed conditions, the target TCI state is known when the UE has sent at least one L1-RSRP report for the RS associated to the target TCI state before the cell switch command. 
Earlier RAN4 discussed a solution where L3 measurements would be reported in L1 report, but this option was agreed to be left out of the Rel-18 feature. Hence, with the current agreements and scope, L1 measurements reported in L1 report is the only option in Rel-18 for the cell and TCI state to be known.
[bookmark: _Toc163482159]For cell switch delay requirements to apply, target cell and target TCI state have to be known. Cell is known if UE reported L1 or L3 measurements, and TCI state is known if UE reported L1 measurements before the cell switch command. Hence, according to current agreements, UE has to report L1 measurements before the cell switch command for the target cell for the cell switch delay requirements to apply.
With these agreed conditions, the motivation behind the proposals under issue 3-1-2 and 3-3-1 is unclear. 
Option 1 in 3-1-2 seems to assume that when the TCI state is activated at the cell switch command, L1 report is not needed if the target TCI state is not activated before the cell switch command. However, even if the target TCI state is not active, it still needs to be known for the cell switch delay requirements to apply, and for TCI state to be known, the UE has to have reported L1 measurements. Hence, we do not think this clarification is needed taking into account the previous agreements.
Proposal 3 under issue 3-3-1 also seems to assume that there was not necessarily a L1 report before the cell switch command, but UE is expected to measure the target cell if TCI state was activated before. Here the situation is similar. Even if the target cell is known under more conditions, for the target TCI state to be known, the UE has to report L1 measurements before the cell switch command. Hence, if the target TCI state has to be known as was previously agreed, there has to be a L1 report, and this clarification is not needed either.
[bookmark: _Toc163482160]Because based on earlier Rel-18 agreements cell switch delay requirements only apply if target TCI state is known, the UE has to report L1 measurements for the target cell before the cell switch command. Unless RAN4 decides to change the known TCI state condition, there is no need to consider cell switch without L1 report in Rel-18 requirements.
SCell activation for LTM
In the last meeting, it was proposed to define requirements for LTM based SCell activation and direct SCell activation related to LTM cell switch in Rel-18.
	Issue 3-1-1: Whether to define requirements of LTM based SCell activation/direct SCell activation
According to the proponents: The use case of SCell activation is for SCell change without PCell change, and the use case of direct SCell activation is for PCell and SCell change case.
<Way Forward> Further discuss the following option
· Option 1 (Huawei): 
· RAN4 are to define requirements of LTM based SCell activation/direct SCell activation in maintenance part.



As there was no discussion about this issue in the last meeting, it remained unclear what is the purpose of linking LTM together with SCell activation (non-direct). In our understanding these are two separate procedures and LTM being configured does not impact how SCell activation is done.
[bookmark: _Toc163482161]No need to define LTM based SCell activation requirements.
For the direct SCell activation part, we agree that this is a relevant scenario, if SCell activation is configured in LTM configuration, which is possible according to RAN2 specification. Hence, RAN4 should discuss whether these requirements should be defined in Rel-18 or later. Considering the already large workload in the Rel-18 WI, we prefer to define direct SCell activation requirements with LTM in the future releases.
[bookmark: _Toc163482162]Define direct SCell activation requirements with LTM in later releases due to already high Rel-18 maintenance workload.
LTM and active data transmission
	[bookmark: _Hlk150988126]Issue 2-1-3: Additional conditions to perform L1 measurement for LTM
<Way Forward> FFS
· Option 1 (Nokia): 
· UE is not required to perform LTM measurements when UE is not in active data transmission.
· Option 2 (MTK):
· UE can perform L1-RSRP measurement no matter inactivity timer is running or not.
· Option 3 (Apple): 
· considering core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in future release.




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: _Toc146617772][bookmark: _Toc149918651][bookmark: _Toc159402903][bookmark: _Toc163482163]For LTM, it makes sense that UE is not required to perform LTM measurements when UE is not in active data transmission. However, considering that the release is closed, the issue can be left to future releases. 

	[bookmark: _Hlk150987338]Issue 2-3-1: Measurement restriction of intra-frequency L1-RSRP measurement in FR2
<Way Forward> Further discuss the following option
· [bookmark: _Hlk161930108]Align in spec that measurement restriction and scheduling restriction are allowed on adjacent symbol(s) in FR2 even if UE incapable of RTD<CP.
· To avoid misunderstanding, use the wording “measurement and scheduling restriction on symbols overlapping with the SSB symbols to measure” instead of “measurement and scheduling restriction on the same or adjacent OFDM symbol as SSB”.




If UE is incapable of RTD > CP, we don’t see any need to extend the restrictions to adjacent symbols. This creates unnecessary scheduling restrictions for both network and UE. 
[bookmark: _Toc161933060][bookmark: _Toc163482164]Measurement restriction and scheduling restriction are not allowed on adjacent symbol(s) in FR2 when UE incapable of RTD<CP. 

	[bookmark: _Hlk150988058]Issue 2-4-1: L1 report for unmeasured candidate cells
<Way Forward> Further discuss the following options
· [bookmark: _Hlk150988084]Option 1 (MTK): 
· In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to any of the invalid codepoints in Table 10.1.6.1-1.
· Option 2 (vivo): 
· In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.
· Option 3 ([Apple], Nokia): 
· RAN4 needs to discuss more in which scenario this case is needed.




We still think the scenario for this case needs more discussion. We understand that the original proposal covers the case of UE not having to continue measurements on cells without active TCI states after TCI state activation. However, it was earlier left partly open what will happen if UE cannot measure all cells e.g. due to no support of RTD>CP capability and the actual RTD being larger than CP. Hence, we would like proponents of this proposal to clarify whether the intention with these proposals is to cover any case when the UE is not measuring a candidate cell, or just some specific case.
[bookmark: _Toc163482165][bookmark: _Toc163221276][bookmark: _Toc163221277][bookmark: _Toc163221278][bookmark: _Toc163221279][bookmark: _Toc163221280]RAN4 needs to discuss more in which scenario this case is needed.

	Issue 2-4-5: After UE is configured with LTM candidate cell configuration based on L3 measurement reports, if the NW blacklist those cells for L3 measurement or remove the MO for the L3 measurements, corresponding UE behaviour for L1 measurements on the LTM candidate cell. 
<Way Forward> Further discuss the following option
· Option 1 (Ericsson): UE to continue perform L1/LTM measurements on the LTM candidate configuration(i.e., RRM requirements are applicable).




Proposal under issue 2-4-5 suggests that the UE shall continue performing LTM L1 measurements even in the case when L3 measurements are deconfigured in the candidate cell(s). Here we would like to make an observation:
[bookmark: _Toc161933063][bookmark: _Toc163482166]If network deconfigures L3 measurements, the cell becomes unknown and LTM L1 measurement requirements stop applying. 
Hence, if this kind of scenario is considered in the requirements, this means that the existing known cell condition would need to be modified for the measurement requirements to continue applying. We do not think that this kind of optimization is necessary considering the work item is already closed.
[bookmark: _Toc163482167]When considering the core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in the future release(s).

UE based TA estimation
The following options were listed for discussion regarding UE based TA estimation, for which RAN4 has not yet agreed to define requirements:
	Issue 1-2-1: Whether and how to define timing requirements for UE based TA measurement
<Way Forward >: Further discuss the following options:
· Option 1 (CMCC, vivo): Define timing requirements for UE based TA measurement for LTM.
· Option 1a (CMCC): for UE autonomous TA adjustment for LTM, it is proposed that UE autonomously adjusts the TA based on twice of the DL timing difference if the DL timing difference is≥CP/4, and the UL timing requirements after one-shot autonomous TA adjustment is ±Te (similar as the UE transmit timing requirements for LPHAP defined in TS38.133 7.1.2.4).
· Option 1b (vivo): at least in R18 RAN4 only consider the case: the RTD between cells with the same UE-MeasuredTA-ID is no larger than CP.
· Option 2 (MTK, ZTE): Not to define requirements for UE based TA measurement in R18.
· Option 3 (Nokia): 
· It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed. If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.)
· Any UE based TA measurements shall not cause any impact to the network, for example, interruptions.
· existing transmit timing accuracy requirements shall apply.
· RAN4 to select maximum number of candidate cells the UE maintains TA for: {1, 2, 3, 4, 5, 6, 7, 8}.
· RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements.
· RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
· RAN4 should discuss requirements for the accuracy of the UE estimated TA.




Since this issue was not discussed during the last RAN4 meeting, we repeat here our discussion and proposals from our last meeting’s contribution. The proposal summarizing this discussion is at the end of this section. 
Work item is now closed, and to be fully operational, UE based TA measurements would need new core requirements. From our point of view, it is ok not to define requirements in Rel-18 maintenance. However, if the requirements for the feature are defined in Rel-18, there are in our view multiple critical issues from the network point of view that need to be addressed before closing the WI. These are discussed in detail in the following sections.  
[bookmark: _Toc163482168]WI is closed, and UE based TA measurements would need new core requirements for the feature to be operational. 
No Interruptions due to UE based TA measurement.
In Rel-18, UE based TA measurements were discussed in the context of LTM, and many of the details were left up to UE implementation. From the measurement point of view, LTM supports only SSB based L1-RSRP measurements. Therefore, we expect UE to use those for UE based TA measurement. One of the concerns from the network side is whether the UE based TA measurement causes unspecified interruptions. We see two main scenarios: 
· When L1-RSRP measurements are configured without gaps, and the inter-frequency cell’s SSB is completely contained in the DL active BWP, the UE shall be able to perform L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation. In this case, no interruption is needed because contained in BWP. 
· When measurement gaps are provided, the UE shall be able to perform inter-frequency L1-RSRP measurements of SSBs from inter-frequency neighbour cells. In this case, as gaps are provided, there is no need for interruptions. 
[bookmark: _Toc163482169]SSB based L1-RSRP measurements specified for LTM do not cause interruptions. Therefore, UE based TA measurements shall not cause interruptions either. 
In general, this feature shall not cause any impact to the network, including interruptions. 
Existing Transmit timing accuracy requirements apply
Another concern from the network side is transmit timing accuracy. RAN4 has previously agreed the following: 
	Issue 1-7-1: transmit timing accuracy
< Agreement >: 
Transmit timing accuracy requirements for any uplink transmission after cell switch should follow existing requirements.




As per above agreement, if UE is using UE based TA measurements, it shall not deviate from the existing requirements for any uplink transmission. 
Reference signals to use.
RAN2 agreements related to UE based TA measurement are: 
	· The UE performs TA measurements for candidate cell(s) after configured by RRC
· R2 assumes that the exact time the UE performs TA measurement is up to UE impl (no need to specify in R2 TS)
· Procedure assumptions: At LTM cell switch: UE uses TA from the network if it is provided (target TA or TA=0 or TA=same as src). If not provided and the UE is configured for UE based TA, then UE based TA is used. If the UE does not have/cannot derive the TA for target, the cell switch uses RACH. (FFS if more details need to be considered). 
· Regardless if the UE is configured for UE based TA, the UE follows PDCCH-order, including requests to do RACH towards cand cells, for which the UE could derive the TA by itself. 
· Regardless if the UE has performed RACH towards cand cell, the UE will follow configuration for UE based TA, if configured.




Summarizing the RAN2 agreements, the scenario in which the UE estimated TA is used is when the UE is configured with UE based TA for a candidate cell and the network did not include TA (acquired through PDCCH ordered RACH, TA=0 or TA=serving cell TA) in the cell switch command. 
What is left open is the case when the UE does not have, or cannot derive the TA for the target cell. In this case the cell switch should use RACH. However, RAN2 left it completely up to UE implementation when to perform UE based TA estimation, which means that it is not clear to the network whether the UE has the TA estimated at the time of cell switch command or not. RAN2 did also not agree which measurements the UE is expected to use for UE based TA estimation. 
[bookmark: _Toc163482170]It is not visible to the network when, and based on which measurements, the UE performs UE based TA estimation.
TA acquisition time for UE based TA measurements.
From the network point of view, the network does not know how long TA acquisition takes. To be able to know when to transmit the cell switch command, there is a need for acquisition time. 
For example, to avoid a situation where the UE has failed to perform UE based TA estimation and cell switch needs to therefore become RACH-based, RAN4 should discuss under which circumstances UE can be expected to have performed UE based TA. Here we think a minimum would be to clarify how long it takes for the UE to perform UE based TA estimation after receiving the RRC configuration. The reference time may be derived with respect to the reception of RRC configuration containing the LTM configuration, enabling the UE-based TA measurement for a candidate cell.
[bookmark: _Toc163482171]Without the information on how long TA acquisition takes, the network will not know when it can send the cell switch command with the assumption that the UE has the TA. 
Last but not least, RAN4 should discuss timing requirements for the UE estimated TA and how to verify that the UE estimated TA is accurate enough.
Based on the above, our proposal is the following: 
[bookmark: _Toc163482172]Option 3 (Nokia): It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed. If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.)
I. [bookmark: _Toc163482173]Any UE based TA measurements shall not cause any impact to the network, for example, interruptions.
II. [bookmark: _Toc163482174]existing transmit timing accuracy requirements shall apply.
III. [bookmark: _Toc163482175]RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements.
IV. [bookmark: _Toc163482176]RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
V. [bookmark: _Toc163482177]RAN4 should discuss requirements for the accuracy of the UE estimated TA.

DL Sync for PDCCH ordered RACH 
	Issue 1-1-1-1: Further clarification on the condition when additional time for DL synchronization needed in the delay requirements for PDCCH ordered RACH before cell switch command 
<Way Forward>: Further discuss the following option:
· For FR1 LTM candidate cell, 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, additional delay is not needed for fine time tracking. 
· This is applicable when RTD between SSB of the cell are within 260ns.




Network cannot know the RTD on the UE side, therefore, applicability rule for SSB of the cell are within 260ns should not be introduced. 
[bookmark: _Toc163482178]WI is closed and no need for further clarification on the condition in rel-18 
	Issue 1-1-1-2: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
<Way Forward> FFS
· In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
· Further discuss the wording in the corresponding CR





[bookmark: _Toc163125628][bookmark: _Toc163221301][bookmark: _Toc163125629][bookmark: _Toc163221302][bookmark: _Toc163125631][bookmark: _Toc163221304]
LTM L1 measurements
The following was proposed regarding L1-RSRP measurements on deactivated SCC in the previous meeting:
	Issue 2-1-2: L1-RSRP measurement period of intra-f neighbor cell of deactivated SCC 
<Way Forward> Further discuss the following option
· Option 1(Huawei): If network configures a LTM candidate cell which is one neighbor cell on the deactivated SCC, LTM L1-RSRP measurement period is to be applied to the cell.




[bookmark: _Toc163482179]Core part is closed, and deactivated SCC support would require new requirements. 
[bookmark: _Toc163482180]Not to introduce requirements for deactivated SCC in rel-18
Conclusion
Proposal 1: TLTM-RRC-processing = 0, if UE has received LTM candidate cell TCI state activation command for the target cell at least THARQ + 13 ms before the LTM cell switch command.
Proposal 2: TLTM-RRC-processing = 0, if UE has received PDCCH order for the target cell at least 10 ms before the LTM cell switch command.
Proposal 3: For the conditions of early ASN.1 decoding capability, RAN4 to clarify the UE behaviour in case TCI activation command or PDCCH order is sent for more cells than UE capability to decode candidate cell configurations.
Observation 1: It is reasonable to assume that PL-RS of the TCI state is the SSB that is configured for L1-RSRP measurement for the candidate cell in question.
Proposal 4: If TCI state is activated before cell switch, the UE shall do PL-RS estimation during the early TCI state activation. After TCI state activation, UE shall maintain the PL-RS for the active TCI state(s).
Proposal 5: UE can perform PL-RS estimation based on the same SSB (Tfirst-SSB/Tfirst-RS) as is used for T/F tracking at TCI state activation.
Proposal 6: No additional delay due to PL-RS is needed at early TCI state activation or in the cell switch delay.
Proposal 7: The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.
Proposal 8: RAN4 to discuss why and how long interruption would be needed due to LTM PSCell switch on serving cells in MCG.
Proposal 9: Add TRS as a possible QCL source for T/F tracking in RAN4 delay requirements.
Proposal 10: Extend the agreement “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.” to cover also the time gap between TCI state activation MAC-CE and LTM cell switch command
Proposal 11: Early TCI state activation requirements apply for both known and unknown TCI states. Legacy known TCI state condition and unknown TCI state switch delay can be reused.
Observation 2: For cell switch delay requirements to apply, target cell and target TCI state have to be known. Cell is known if UE reported L1 or L3 measurements, and TCI state is known if UE reported L1 measurements before the cell switch command. Hence, according to urrent agreements, UE has to report L1 measurements before the cell switch command for the target cell for the cell switch delay requirements to apply.
Proposal 12: Because based on earlier Rel-18 agreements cell switch delay requirements only apply if target TCI state is known, the UE has to report L1 measurements for the target cell before the cell switch command. Unless RAN4 decides to change the known TCI state condition, there is no need to consider cell switch without L1 report in Rel-18 requirements.
Proposal 13: No need to define LTM based SCell activation requirements.
Proposal 14: Define direct SCell activation requirements with LTM in later releases due to already high Rel-18 maintenance workload.
Proposal 15: For LTM, it makes sense that UE is not required to perform LTM measurements when UE is not in active data transmission. However, considering that the release is closed, the issue can be left to future releases.
Proposal 16: Measurement restriction and scheduling restriction are not allowed on adjacent symbol(s) in FR2 when UE incapable of RTD<CP.
Proposal 17: RAN4 needs to discuss more in which scenario this case is needed.
Observation 3: If network deconfigures L3 measurements, the cell becomes unknown and LTM L1 measurement requirements stop applying.
Proposal 18: When considering the core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in the future release(s).
Observation 4: WI is closed, and UE based TA measurements would need new core requirements for the feature to be operational.
Observation 5: SSB based L1-RSRP measurements specified for LTM do not cause interruptions. Therefore, UE based TA measurements shall not cause interruptions either.
Observation 6: It is not visible to the network when, and based on which measurements, the UE performs UE based TA estimation.
Observation 7: Without the information on how long TA acquisition takes, the network will not know when it can send the cell switch command with the assumption that the UE has the TA.
Proposal 19: Option 3 (Nokia): It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed. If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.)
I. Any UE based TA measurements shall not cause any impact to the network, for example, interruptions.
II. Existing transmit timing accuracy requirements shall apply.
III. RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements.
IV.RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
V. RAN4 should discuss requirements for the accuracy of the UE estimated TA.
Proposal 20: WI is closed and no need for further clarification on the condition in rel-18
Observation 8: Core part is closed, and deactivated SCC support would require new requirements.
Proposal 21: Not to introduce requirements for deactivated SCC in rel-18



[bookmark: _Toc158630837]


