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[bookmark: _Toc116995841]Introduction
In this contribution we discuss some of the open issues related to general aspects of LTM based on the RAN4#108bis way forward for part 1 [1].
TCI state activation before cell switch
In the previous RAN4 meetings, whether and how to define TCI state activation delay for early TCI state activation has been discussed. The proposals were captured in issue 1-1-4.
	 Issue 1-1-4: Whether and how to define TCI state activation delay requirements for early T/F tracking before cell switch command
<Way Forward>: FFS the following Options
· Option 1 (Nokia): 
· 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.
· Take both known and unknown UL/DL TCI states into account in the early TCI state activation delay requirement.
· Option 2 (vivo): RAN4 to define TCI state activation delay requirement for early TCI state activation for LTM candidate cell before the cell switch.
· The end point is defined as the slot X that:
· If UE receives cell switch command to the cell with active TCI after slot X, and the TCI to be used after cell switch is activated, then UE may not need additional T_delta in cell switch delay
· This TCI activation delay counts the following parts:
· SFN (system frame number) acquisition delay, if needed.
· SSB-based rough time-frequency tracking delay
· Option 3 (Apple): No need to define delay requirement for TCI state activation before cell switch.



TCI state activation delay
In RAN4#108bis meeting, a draft CR was discussed (and postponed until the next meeting) to capture the delay requirement for early TCI state activation in R4-2317325 as follows:
	If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to 
· receive the cell switch command and perform cell switch with TΔ = 0 and Tmargin = 0, or
· receive the PDCCH-order indicating RACH-based early TA acquisition to target cell with TfirstSSB = 0
at the first slot that is after slot n+ THARQ + + TOk* ([TL1-RSRP ]+ TSSB-proc)/ NR slot length, where
-	THARQ (in slot) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
[-	TL1-RSRP is measurement period for SSB-based L1-RSRP after MAC CE command is decoded by the UE; The SSB shall be the associated to the activated TCI state]
-	TSSB-proc = 2 ms; 
-	TOk = 1 if target TCI state is not in the active TCI state list for candidate cell, 0 otherwise.




The T/F tracking component in the proposed equation is [TL1-RSRP] instead of Tfirst-SSB as in the existing MAC-CE based TCI state switching requirements. This was proposed, in our understanding, to avoid impact to the ongoing L1-RSRP measurements, i.e. not forcing the UE to measure the first SSB for the activated candidate TCI state if it is not the SSB that the UE would otherwise measure at that time instant. In the last RAN4 meeting, it was discussed and agreed that after TCI state activation, the UE is required to measure the serving cell and one candidate cell (when RTD>CP). Therefore, UE measurement behavior may change after receiving the TCI state activation command, and if the UE follows this requirement, it will be measuring only the candidate cell for which TCI state is activated after receiving the TCI state activation command (+ the serving cell). Therefore, we think it is reasonable to assume that the UE can use the first SSB for DL synchronization with the SSB that is associated to the activated TCI state, and that would not cause problems to the ongoing measurements. Hence, in the TCI state activation delay formula, Tfirst-SSB or more commonly, Tfirst-RS, can be used instead of TL1-RSRP.
Furthermore, the proposed draft CR only covered TCI state activation delay for DL. As we will discuss in the next section, we think UL TCI state activation is equally important at the early TCI state activation to ensure that the UE does not need additional time for this during the cell switch. Therefore, we think the early TCI state switching requirement should be defined commonly for DL and UL.
[bookmark: _Toc149903157]Early DL/UL TCI state activation delay for a known TCI state is defined as n+ THARQ + + TOk* (Tfirst-RS+ TSSB-proc)/ NR slot length after receiving the MAC-CE command.
Furthermore, for cell switch RAN4 agreed to only define requirements when the target TCI state is known. For early candidate cell TCI state activation, we think unknown TCI states can be considered as well.
[bookmark: _Toc149903158]Define early candidate cell TCI state activation delay requirements for both known and unknown target TCI state.
The formula for legacy TCI state switching for an unknown unified TCI state can be followed:
[bookmark: _Toc149903159]Early DL/UL TCI state activation delay for an unknown TCI state is defined as n+ THARQ + + TL1-RSRP + TOuk* (Tfirst-RS+ TSSB-proc)/ NR slot length after receiving the MAC-CE command.

PL-RS
In the last meeting, proposals regarding path loss estimation for UL transmission were captured under issue 3-2-4-1 in the LTM cell switch delay topic.
	Issue 3-2-4-1: Extra time for PL-RS measurement
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· For SpCell switch delay, the PL-RS to use should be one of the SSBs UE performs L1-RSRP measurement on.
· For SpCell switch delay, UE does not need extra time to measure the PL-RS if L1-RSRP measurement period of corresponding SSB is no longer than 160ms.
· Option 2 (vivo): The PL-RS of the TCI activated/indicated in cell switch command is not maintained at the endpoint of the cell switch delay.
· For RACH-based cell switch or early-RACH-based RACH-less cell switch, UE uses the SSB for PRACH transmission as the default PL-RS, before the PL-RS in the target TCI is maintained. If the SSB for PRACH transmission is the same as QCL source of the indicated TCI, UE is NOT required to transmit UL based on the target TCI before TCI activation time.
· For all other RACH-less cell switch, UE is assumed to follow the same behaviour as R17 ICBM.
· No additional interruption is assumed.
· Option 3 (Ericsson): No additional delay or conditions are needed for PL-RS measurement.




As this is topic that is related to not only cell switch delay but also early TCI state activation, we will discuss it in a more general level in this paper. 
When a unified TCI state i.e. joint DL/UL TCI state or a pair of separate UL and DL TCI states is 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.
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: _Toc149903160]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.
For the UE to be able to activate the UL TCI state in LTM, the UE needs to perform path loss estimation at some point of the LTM procedure. In the previous RAN4 meetings, it has been discussed whether an additional delay is needed due to PL-RS at the LTM cell switch. It was proposed in the last meeting that the UE may do the path loss estimation either through the ongoing L1-measurements or through the RACH procedure (PDCCH ordered or RACH-based cell switch), if UE uses the SSB for PRACH transmission as the default PL-RS. In the latter case, it was proposed that delay for path loss estimation would be needed in the cell switch delay under other conditions.
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 hence the cell switch delay can be shorter. Therefore, if TCI state activation is done before the cell switch, the UE should also do path loss estimation at this point. Relying on RACH is in our view not a preferable option, since TCI state activation and early RACH are independent UE capabilities and even if the UE would support both, network may not always send PDCCH order after TCI state activation. Hence, to avoid the need to perform PL-RS step during cell switch when early TCI state activation is done, the UE should complete PL-RS estimation when the TCI state is activated. When TCI state activation is done at the cell switch, the UE shall do path loss estimation during the cell switch.
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 it should have some understanding on the path loss already based on those measurements. 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 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: _Toc149903161]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 when TCI state is activated before or at the cell switch.
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 early TCI state activation has been done for the target cell before the cell switch command, no additional time is needed for PL-RS during the cell switch.
[bookmark: _Toc149903162]When the target TCI state in the LTM cell switch command is on the active TCI state list (and the measurement period is no longer than 160 ms), PL-RS is maintained, and no additional delay for PL-RS is needed in the cell switch.
A remaining question is related to the number of PL-RS the UE shall be able to maintain for the LTM candidate cells. 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 shall be able to maintain a number of PL-RS for the LTM candidate cells. We think a reasonable expectation is that the UE should be able to maintain PL-RS associated to the cells for which TCI state is activated. Hence, the number of PL-RS the UE shall maintain after TCI state activation should be the number of TCI states the UE is capable to have on its LTM candidate cell active TCI state list. This number is depending on RAN1 discussion, as was indicated in the last meeting’s RAN4 LTM WF.
[bookmark: _Toc149903163]UE shall be able to maintain PL-RS associated with or included in the UL or joint TCI states in the LTM candidate cell active TCI state list.
[bookmark: _Toc116995848]Conclusion
In this contribution we have made the following proposals and observations:
Proposal 1: Early DL/UL TCI state activation delay for a known TCI state is defined as n+ THARQ + + TOk* (Tfirst-RS+ TSSB-proc)/ NR slot length after receiving the MAC-CE command.
Proposal 2: Define early candidate cell TCI state activation delay requirements for both known and unknown target TCI state.
Proposal 3: Early DL/UL TCI state activation delay for an unknown TCI state is defined as n+ THARQ + + TL1-RSRP + TOuk* (Tfirst-RS+ TSSB-proc)/ NR slot length after receiving the MAC-CE command.
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: 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 when TCI state is activated before or at the cell switch.
Proposal 5: When the target TCI state in the LTM cell switch command is on the active TCI state list (and the measurement period is no longer than 160 ms), PL-RS is maintained, and no additional delay for PL-RS is needed in the cell switch.
Proposal 6: UE shall be able to maintain PL-RS associated with or included in the UL or joint TCI states in the LTM candidate cell active TCI state list.
[bookmark: _Toc116995849]
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