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1 	Introduction
In last meeting, RAN4 had some discussion on R18 L1/L2 mobility. There are still some issues open [1]. We will discuss related open issues in this contribution.
2 Discussion
2.1 PDCCH ordered RACH
[bookmark: _Hlk146570427]2.1.1 Additional time for T/F tracking and related interruption
In previous meetings, RAN4 reached the following agreements on additional time for T/F tracking during PDCCH-order RACH delay but had no discussion on the exact value yet. 
	RAN4#109
Issue 1-2-1-2: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
[bookmark: _Hlk151107550]<Agreement>: 
· For FR2, one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH has not been activated,
· one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH is activated,
· If L1-RSRP measurement delay is less than or equal to 160ms, Tssb is not needed. UE is required to meet the UL Tx timing accuracy requirements
· If L1-RSRP measurement delay is more than 160ms, UE is allowed to transmit PDCCH-ordered RACH with or without one Tssb delay. No UE UL Tx timing accuracy requirement will be defined.



[bookmark: _Hlk146021790]In our understanding, TSSB in the additional time is the time waiting for the first SSB for L1-RSRP measurement. Case by case, when TSSB is needed, the exact definition of TSSB is:
· Target cell of intra-f or inter-f w/o gap if supported: 
· TSSB is the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command
· Target cell of inter-f with Type 1 MG
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command.
[bookmark: OLE_LINK1]Here one slot margin is added for UE to decode PDCCH. It is also fine for us to use NT,2 as the PDCCH decoding time, where NT,2 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1. On inter-frequency case, we suggest using MGL to cover the SSB because 1) MG should already be configured for L3 or L1 measurements on that target frequency, 2) MGL already contains RF re-turning time. So that RAN4 does not have to discuss the interruption locations due to RF re-tuning. 
[bookmark: _Hlk146570437]Proposal 1: In PDCCH ordered RACH delay, if TSSB is needed, the value is： 
· [bookmark: _Hlk162525578]the time to first SSB transmission after slot n+1 or n+ ⌈NT,2⌉, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· [bookmark: _Hlk146570473]the time to first SSB transmission overlapped with MGL after slot n+1 or n+ ⌈NT,2⌉, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
2.2 UE based TA measurement
[bookmark: _Hlk149145638]RAN4#108 had discussed the feasibility of UE based TA measurement. As replied in the LS [2], in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB. Last meeting, companies also listed potential issues to consider if to define the requirements. Due to the applicable scenario is too limited and limited time, we prefer not to define requirements for UE based TA measurement in R18.
[bookmark: _Hlk142679663]Proposal 2: Not to define requirements for UE based TA measurement in R18.
2.3 Early TCI state activation delay
RAN4#110bis discussed how to define early TCI state activation delay and reached the following agreement. As shown below, there are still several FFSs. In the next, we would like to provide our views on these FFSs.
	Issue 3-2-1-1: Time gap between early TCI state activation command and cell switch command
Ad hoc Agreement
<Agreement>
· Introduce a new clause to define time gap between early TCI state activation and cell switch or PDCCH ordered RACH
· When TCI state is known, if UE receives early TCI state activation command at slot n, UE shall have activated the TCI state in slot n + THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, where TOk=0 if the TCI state is already in previous active TCI state list, otherwise TOk=1.
· for intra-frequency and inter-frequency without gap:
· Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
· for inter-frequency with gap:
· Option 1: Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ +.
· Option 2: Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
· Reuse legacy known TCI state activation condition in legacy TCI state switching requirements
· Support both known and unknown TCI state in FR1
· FFS: the conditions of unknown TCI state in FR1
· FFS: Discuss whether to consider the case that candidate cell’s SSB or PL-RS is outside active BWP in FR2
· FFS: Discuss whether and how to consider the case that UE cannot finish T/F tracking in one SSB/gap period, i.e., 
· Multiple frequency layers in FR1
· Multiple cells in FR2
· FFS: Discuss whether and how to consider unknown TCI state in FR2
· FFS: whether to consider addition time for PL-RS measurement




Whether to consider inter-f with MG
Last meeting, some company proposed not to consider the case that candidate cell’s SSB or PL-RS is outside active BWP in FR2. It is referring to inter-f with MG in our understanding. Since L1 inter-f with MG is supported and inter-f cell switch is a typical scenario based on previous discussion, we don’t see big issue to support inter-f with MG case.
Proposal 3: Support the case that candidate cell’s SSB or PL-RS is outside active BWP in FR2, i.e., inter-f with MG, for early TCI state activation.

The definition of Tfirst-SSB for inter-frequency with gap for known TCI state case
As shown above, there are two options on table now. If we go with option 2, then some autonomous gap needs to be supported by UE and additional interruption will occur on serving cells. As UE is not supposed to receive or transmit data on the neighbor cell after early TCI state activation, and NW may not trigger cell switch immediately after early TCI state activation, compared to data reception or transmission on serving cell, the serving cell activities should have higher priority. In addition, it is reasonable to consider using MGL to cover the SSB, because 1) MG should already be configured for L3 or L1 measurements on that target frequency, and 2) MGL already contains RF re-turning time, which means that RAN4 does not have to discuss the interruption locations due to RF re-tuning. So we prefer Option 1.
Proposal 4: When TCI state is known, Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ + in early TCI state activation delay.

The conditions to support unknown TCI state in FR1
[bookmark: OLE_LINK2]One key difference to legacy requirements for MAC CE based TCI state switch or active TCI state list update is that LTM considers neighbor cells. If UE never performs L3 measurement to the target neighbor cell, the TCI state is unknown by definition,i.e., UE has no rough timing information for further fine T/F tracking. In addition, NW seldom activates a neighbor cell’s TCI state blindly in our understanding. Therefore, for unknown case in FR1, we propose to add the following conditions:
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.
Proposal 5: The following conditions shall be met to support unknown TCI state case for early TCI state activation in FR1: 
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.

Whether to support unknown TCI state in FR2
[bookmark: OLE_LINK3]One main purpose for early TCI state activation is to skip T/F tracking during cell switch delay. As L1-RSRP measurement delay in FR2 is very likely larger than 160ms, to skip T/F tracking during cell switch delay, NW may have to trigger cell switch soon after TCI state activation. This could even reduce the time for UE to determine the best fine Rx beam for tracking. Since RAN4 already agreed to consider known TCI state case only for cell switch, we think unknown early TCI state activation in FR2 would not be needed. 
Proposal 6: Not to consider unknown TCI state in FR2 for early TCI state activation.

Whether to consider early TCI state activation for multiple cells at the same time

According to the structure of Candidate Cell TCI States Activation/Deactivation MAC CE (in 38.321 6.1.3.76) designed in RAN2 as below, a single candidate cell TCI states activation/deactivation MAC CE can only activate/deactivate TCI states of a single candidate cell. With this understanding, early TCI state activation for multiple cells at the same time only comes from the scenario with multiple time-overlapping MAC CE commands. We don’t think we need to handle this scenario. It will lead to a huge number of cases because one procedure may be affected by another, and the scenarios are likely to be only corner case



Proposal 7: Not to handle the collision of multiple MAC CE commands for early TCI state activation. Specifically, not to consider early TCI state activation for multiple cells at the same time.

2.4 L1-RSRP measurement
[bookmark: _Hlk146613989]2.4.1 Issues related to deactivated SCC
	Issue 2-1-1: L1-RSRP measurement on intra-f neighbor cell of deactivated SCC
<Way Forward >: Further discuss the following options:
· Option 1 (Apple, MTK): LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to neighbor cell on deactivated SCC.
· Option 1a (Apple): not define requirements in R18
· Option 1b (Apple): allow similar measurement relaxation as L3 measurement (e.g. following measCycleSCell)
· Option 2 (Ericsson, QC): If network configures cell on deactivate SCell frequency as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period.
[bookmark: _Hlk150257145]Issue 2-1-2: whether to consider L1-RSRP measurement on deactivated SCell
Online agreement
< Agreement>: 
· Conclude this issue in the next meeting. 


Last meeting, there were some discussions on whether to consider L1 measurement on deactivated SCell and whether intra-frequency L1-RSRP measurement requirements defined in R18 are applicable to deactivated SCC or intra-f neighbor cell of deactivated SCC. We think L1-RSRP measurement on deactivated SCC is supported as UE is not supposed to report CSI for deactivated SCell according to 38.321. Legacy, this CSI includes L1-RSRP measurement. 
	38.321
1>  if the SCell is deactivated:
2> not transmit SRS on the SCell;
2> not report CSI for the SCell;
2> not transmit on UL-SCH on the SCell;
2> not transmit on RACH on the SCell;
2> not monitor the PDCCH on the SCell;
2> not monitor the PDCCH for the SCell;
2>  not transmit PUCCH on the SCell.



In R18 LTM intra-frequency L1-RSRP measurement requirements, we did not define any interruption but only some scheduling restriction. In other words, by following the current requirements to measure neighbor cell on the deactivated SCC, it means UE has to keep the RF of SCC always on, which is not reasonable.
Proposal 8: Current LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to deactivated SCC and neighbor cell on deactivated SCC.
Proposal 9: Not to define intra-frequency L1-RSRP requirements for deactivated SCC.
[bookmark: _Hlk158047340]2.4 Cell switch delay requirements
2.4.1 Which RS to follow when TRS as QCL source
RAN1#116 reached the following agreement. It means QCL source of Type A of the TCI state indicated in cell switch command can only be TRS. For Type D or PL-RS, source RS can be SSB or CSI-RS. In this part, we would like to discuss the impact on cell switch delay requirements.

	RAN1#116

Reason of change:
· QCL type for LTM TCI state and its configuration is not specified. 
Summary of change:
· The DM-RS antenna ports of PDCCH and PDSCH are quasi co-located with the reference signal(s) in the provided TCI-state with respect to typeA and typeD. 
· The UE does not expect to be configured with typeA when SSB is configured as a source RS of a LTM TCI state.
Consequence if not approved:
· It is not clear how the QCL type for LTM TCI state is configured and assumed. 

21	L1/L2-triggered mobility procedures
<Unchanged part omitted>
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a TCI-State and/or TCI-UL-State in LTM-dl-OrJointTCI-StateToAddModList and/or LTM-ul-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that the DM-RS antenna ports of PDCCH and PDSCH are quasi co-located with the reference signal(s) in the provided LTM TCI-state with respect to ‘typeA’ and ‘typeD’ when applicable [6, TS 38.214]. The UE does not expect to be configured with ‘typeA’ when SS/PBCH block is configured as a source RS of a LTM TCI state. The UE applies the TCI-State and/or TCI-UL-State, if indicated by the MAC CE, from a first slot that is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, and is the SCS configuration for the TBD. If the MAC CE triggers a PRACH transmission [11, TS 38.321], the UE applies the TCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the TCI-State or the TCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell.
<Unchanged part omitted>


Agreement
Adopt the following TP to Section 21, TS38.213 in principle.



As TRS based T/F tracking on candidate cell before cell switch command is not considered in R18 LTM, UE only performs early T/F tracking based on SSB. Even SSB cannot be configured as source of Type A of the TCI state indicated in cell switch command, UE can still use the estimated timing and frequency information through SSB (QCL-ed by TRS) before cell switch command. This UE behavior aligns with the common RAN4 understanding that early T/F tracking is done at the same time when UE measures SSB based L1-RSRP. So whether to skip T/F tracking during cell switch delay is agnostic to the Type A source is SSB or TRS for early T/F tracking as long as they are on the same QCL chain. If indicating TRS as the TCI state in cell switch command would mandate UE to drop the T/F offsets estimated via SSB and re-do T/F tracking via TRS during cell switch, there will be no benefit to perform early T/F tracking. 

We think the issue to discuss here is which RS (SSB or TRS) to use for T/F tracking if T/F tracking cannot be skipped during cell switch delay. 
· For RACH-based cell switch, according to RAN1 (as shown below) agreement, UE is supposed to use the indicated TCI state after RACH procedure. In legacy L3 HO, during HO delay, SSB is used for T/F tracking and for determining spatial domain filter & UL power. Similar as L3 HO, we think it is straight forward to use SSB during RACH-based cell switch delay.
· For RACH-less cell switch, UE is supposed to use the indicated TCI state during cell switch delay according to RAN1 spec. We admit that TRS based T/F tracking can be more accurate than SSB. But the scheduling should be conservative (e.g., low MCS and low data rate) due to lack of CSI information right after cell switch, so it is sufficient to use SSB for T/F tracking. 
To simply the delay requirements, we propose that UE is supposed to perform T/F tracking (if needed) based on SSB during cell switch delay.
	38.213 cl. 21
A UE can be provided by a LTM Cell Switch Command MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a CandidateTCI-State and/or CandidateTCI-UL-State in ltm-DL-OrJointTCI-StateToAddModList and/or ltm-UL-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that DM-RS antenna ports for PDCCH receptions and for PDSCH receptions are quasi co-located with the SS/PBCH block or the TRS in the TCI state with respect to quasi co-location 'typeA' and 'typeD' properties, when applicable. The UE does not expect to be indicated quasi co-location 'typeA' properties when a SS/PBCH block is configured as a source RS of the TCI state. The UE applies the CandidateTCI-State and/or CandidateTCI-UL-State, if indicated by the MAC CE, no later than  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, where , ,  and  are defined in [10, TS 38.133]. For RACH-based LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell. For RACH-less LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell before a new TCI state is indicated for the candidate cell.



Proposal 10: UE is supposed to perform T/F tracking (if needed) based on SSB during cell switch delay in R18 LTM.
2.4.2 Extra time for PL-RS measurement?
In active uplink TCI state switching delay for unified TCI, if the target PL-RS is not maintained, extra time for PL-RS measurement is needed. Here, we face a similar issue, i.e., whether extra time for PL-RS measurement is needed during cell switch. 
As shown in RAN2 agreement, for CBRA, UE would ignore the indicated TCI state. According to RAN1 spec and previous RAN4 agreement, the indicated TCI state should be ready after cell switch delay. Here, we would like to discuss this issue for CBRA and CFRA & RACH-less cell switch separately.
	RAN2#124
· For CBRA, UE selects a beam based on RSRP and ignores indicated beam in CBRA. [No further spec impact]

RAN4#108bis
Issue 3-3-1: The impact of beam application time
Ad hoc agreement
< Agreement>:
· Beam application time has already been covered in cell switch delay requirements.
· No need to define beam application time on top of cell switch delay from RAN4’s point.
· Send LS to RAN1 about RAN4’s conclusion and the related agreements on cell switch delay.



	38.213 cl. 21
A UE can be provided by a LTM Cell Switch Command MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a CandidateTCI-State and/or CandidateTCI-UL-State in ltm-DL-OrJointTCI-StateToAddModList and/or ltm-UL-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that DM-RS antenna ports for PDCCH receptions and for PDSCH receptions are quasi co-located with the SS/PBCH block or the TRS in the TCI state with respect to quasi co-location 'typeA' and 'typeD' properties, when applicable. The UE does not expect to be indicated quasi co-location 'typeA' properties when a SS/PBCH block is configured as a source RS of the TCI state. The UE applies the CandidateTCI-State and/or CandidateTCI-UL-State, if indicated by the MAC CE, no later than  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, where , ,  and  are defined in [10, TS 38.133]. For RACH-based LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell. For RACH-less LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell before a new TCI state is indicated for the candidate cell.



1) CBRA
In legacy L3 HO, UE is supposed to use SSB as PL-RS to determine UL transmission power during RACH procedure and no additional PL-RS measurement time is needed. The same logic also applies here.

Proposal 11: For CBRA cell switch, no additional PL-RS measurement time is needed.
2) CFRA and RACH-less cell switch 
In this case, the indicated beam should be ready after cell switch delay. The PL-RS indicated may be SSB or CSI-RS according to above RAN1 spec. In R17 unified TCI state switching, there were a lot of discussions in RAN4 and finally RAN4 agreed to only consider maintained case in FR2 when the target PL-RS is SSB. Otherwise, extra time for PL-RS measurement is needed in the switching delay. As the motivation of LTM is to reduce HO delay, to achieve this goal, UE is supposed to perform early tracking and early UL synchronization. We think it is reasonable to only consider the case when target PL-RS is maintained in both FR1 and FR2 here, otherwise extra time for PL-RS measurement is needed which will lead to long cell switch delay and interruption.
Proposal 12: For CFRA and RACH-less cell switch, both in FR1 and FR2, the cell switch requirements are only applicable to the case when target PL-RS is maintained, and UE does not need extra time to measure the PL-RS. 
Regarding the definition of maintained PL-RS, we can follow R17 MIMO. We copy the definition in R17 MIMO here for information:
	-	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
-	There are no more than 4 different RS activated as PL-RS per serving cell among all active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions
-	The target pathloss reference signal remains detectable during TCI state switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
-	SNR of the associated SSB ≥-3dB



Considering RAN1 has introduced UE capability of the maximum number of MAC-CE activated joint/UL TCI states as in Table 1, PL-RS can be considered as maintained the following conditions are met (modified the 2nd bullet based on the definition in R17 MIMO).
	-		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 ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	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



Table 1
	45-3a
	MAC-CE activated joint LTM TCI states
	1. Supported QCL source RS for MAC-CE activated joint LTM TCI states
2. Maximum number of MAC-CE activated joint LTM TCI states per candidate cell
3. Maximum number of MAC-CE activated joint LTM TCI states across candidate cells and serving cells

	45-4a
	MAC-CE activated DL/UL LTM TCI states
	1. Supported QCL source RS for MAC-CE activated DL/UL LTM TCI states
2. Maximum number K1 of MAC-CE activated DL TCI states per candidate cell
3. Maximum number K2 of MAC-CE activated UL TCI states per candidate cell
4. Maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
5. Maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells



Proposal 13: 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 ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	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

2.4.3. Conditions for early ASN.1 decoding and validity check
In previous meetings, RAN4 agreed that both early TCI state activation command and PDCCH-order can be used to trigger early RRC decoding and validity check. In our understanding, the coordination of PDCCH-order RACH and early TCI state activation command should be discussed, e.g., what if the candidate cells are different (NW activates TCI state of cell #1,2,3 and triggers PDCCH-order RACH on cell #4.)
As early TCI state activation and RACH-based early TA acquisition are both optional UE capability, and it is up to NW whether to trigger early TCI state activation and RACH-based early TA acquisition (UE may have already had valid TA), we need a simple rule to decide on which cell(s) UE shall perform early ASN.1 decoding and validity/compliance check. 
· One scenario of using PDCCH-order RACH to trigger early ASN.1 decoding and validity/compliance check is 1) when UE does not support early TCI state activation or 2) when UE supports both but network want to skip early TCI state activation and trigger PDCCH-ordered RACH directly. In this case, we propose that UE only keeps the decoded early ASN.1 (after validity check) for the cell triggered by the latest PDCCH-order. As an example in Fig 1, after receiving the 2nd order, UE will drop the ASN.1 contents of cell#1.
[image: ]
Fig.1
· A more complicated scenario is when both early TCI state activation and PDCCH-order RACH are enabled. To avoid complicating the requirement, we suggest adding some limitation to the network behavior: If NW activates TCI states of a set of some cells and then triggers PDCCH-order RACH, the latter should be a subset of the former. As a result, UE will only perform early ASN.1 decoding and validity/compliance check on cells whose TCI state(s) are activated. In other words, the PDCCH-ordered RACH will not change the UE behavior on early ASN.1 decoding. As shown in Fig.2, if NW sends both TCI state activation command and PDCCH order RACH, no matter UE supports early decoding of three candidate cells or more, UE only performs early decoding on Cell#1,2,3. Otherwise, which cells to perform early decoding and which cell to be dropped will become very complex. 
[image: ]
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Fig.2 
In addition, as NW can send multiple MAC CEs at the same time to activate or deactivate TCI states of multiple cells. We propose not to consider the case that the number of cells to perform early RRC decoding and validity check exceeds UE capability.
Similar as using TCI state activation command to trigger early ASN.1 decoding and validity check, a time gap between PDCCH-order command and cell switch command should also be defined. Last meeting, there were two options. In both options, 10ms is the time for RRC decoding and validity check. In Option 2, NT,2 considers the time for PDCCH decoding. Option 2 is more accurate to us.
	Issue 3-2-4-3: Condition on time gap between PDCCH-order and cell switch command for TLTM_RRC-processing =0
<Way Forward >: Further discuss the following options
· [bookmark: _Toc163482148]Option 1 (MTK, Nokia): 
· TLTM-RRC-processing = 0, if UE supports [Early processing of an LTM candidate cell RRC configuration] and has received PDCCH order for the target cell at least 10 ms before the LTM cell switch command.
· Option 2 (Ericsson, QC)
· The time gap from the slot where the UE received the PDCCH triggering the PDCCH-order PRACH transmission to the slot where the UE received the LTM cell switch MAC CE is larger than NT,2+10ms, if the condition of ‘fast RRC processing’ is met by the PDCCH-order PRACH transmission.



[bookmark: _Hlk162888052]Proposal 14: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells whose TCI state(s) are activated, if early TCI state activation on any candidate cell is triggered and the number of cells to perform early RRC decoding and validity check does not exceed UE capability.
Proposal 15: TLTM_RRC-processing in TS38.133 is zero only applicable to the latest cell on which PDCCH-order RACH is triggered if NW doesn’t active TCI state of any candidate cell and UE has received the PDCCH-order RACH command more than NT,2+10ms ago.

2.4.4. Interruption due to PSCell change
Now the interruption on MCG due to PSCell change is missing. If we compare PSCell change to PSCell addition, UE behavior is similar. The interruption caused on MCG is introduced due to RF and baseband retuning. It is similar as PSCell addition. 
[bookmark: _Hlk158047391][bookmark: _Hlk162888064]Proposal 16: The interruption on MCG due to PSCell change is the same as PSCell addition.
[bookmark: _Hlk162888154]2.4.5. known TCI state conditions
Last meeting, some company proposed that activated TCI state without L1 report shall not be considered as unknown. Generally, we are supportive of this concept, but there should be some conditions to discuss to ensure the activated TCI state is really known at UE side. So, at least, one condition to add is “SNR of the SSB associated to TCI state should be ≥ -3dB”. In addition, we don’t think NW will indicate the TCI state blindly. Thus we propose that beam-level L3 measurement results have been reported in 1280ms. In FR2, we also need to ensure Rx beam is available at UE and another condition “L1-RSRP measurement period is no larger than 1280ms in FR2”.
Proposal 17: In cell switch delay requirements, activated TCI state can be known if the following conditions can be met:
· SNR of the SSB associated to TCI state ≥ -3dB
· Beam-level L3 measurement results have been reported in 1280ms
· L1-RSRP measurement period is no larger than 1280ms in FR2

2.5 LS from RAN2
RAN2 sent following LS [4] to RAN1 and RAN4. In this section we provide our analysis on this LS.
	
RAN2 discussed RAN1 and RAN4 feature lists associated with Rel-18 NR_Mob_enh2.  RAN2 discussed wither the following L1 measurement and reporting features are mandatory to support LTM or whether L3 measurement could be used.
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure

	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure



RAN2 made the following agreement:
RAN2 makes no further assumptions whether L3 measurements can be used or not to trigger LTM.  
RAN2 would like to check the following with RAN1 and RAN4:
Question 1 : Are the above intra-frequency and inter-frequency L1 measurement and reporting features (45-1 and 45-1a) prerequisites to support intra-frequency and inter-frequency LTM, respectively?
Question 2: The above features, 45-1 and 45-1a, from RAN1 and related RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC for both intra-frequency and inter-frequency measurements.  RAN2 would like check with RAN1/4 for which BC (e.g. BC of current serving cells, BC including current serving cells and cell to be measured or something else) these capabilities are to be considered for L1 intra-frequency and inter-frequency LTM measurements?


2.5.1 Question 1
Regarding Question 1, before answer the question, we think it is necessary to analyze whether there are requirements if L1 measurement is not supported or configured and whether there is any benefit compared to legacy L3 HO. If L1 measurement is not supported or configured, the procedure may be as shown in Fig.3. For R18 LTM, RAN4 mainly defines the requirements for early TCI state activation, PDCCH-order RACH and cell switch except L1 measurement. In the next, we would like to analyze whether there are requirements for early TCI state activation, PDCCH-order RACH and cell switch at first.

[image: ]
Fig. 3

· Early TCI state activation
[bookmark: OLE_LINK6]As agreed in RAN4#110bis, unknown TCI state in FR1 is to be supported (Issue 3-2-1-1 in R4-2406502). Whether to support unknown TCI state in FR2 needs further discussion. No matter what the final conclusion is, early TCI state activation cannot be supported in FR2 without L1 measurement. The reasons are as below:
· [bookmark: OLE_LINK7]If the final conclusion is not to support unknown case in FR2: 
[bookmark: OLE_LINK8]The TCI state needs to be known before activation. Since one condition of known TCI state is that UE has performed L1 measurement in 1280ms, this means that we cannot skip L1 measurement before activation.
· If the final conclusion is to support unknown case in FR2: 
During the early TCI state activation delay, UE is expected to start performing L1-RSRP measurement at first and then T/F tracking. This also means that we cannot skip L1 measurement .
Observation 1: L1 measurement is necessary to support early TCI state activation in FR2.
In FR1, if L1 measurement is not performed, then the TCI state is unknown. As RAN4 already agreed to support unknown TCI state in FR1, the next question to understand how this early TCI state activation can be achieved without L1 measurements. To answer this, we think two issues should be further discussed. One is the need for L3 measurement in FR1. Another is UE behavior after early TCI state activation if there is no L1 measurement.
· The need for L3 measurement in FR1
As discussed in 2.3, one key difference to legacy requirements for MAC CE based TCI state switch or active TCI state list update is that LTM considers neighbor cells. If UE never performs L3 measurement to the target neighbor cell, the cell is unknown by definition. UE has no rough timing information for further fine T/F tracking. Therefore, for unknown case in FR1, we proposed to add the following conditions:
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.
· UE behavior after early TCI state activation if there is no L1 measurement
Following existing RAN4 requirement, after UE activates the TCI state, UE is supposed to perform T/F tracking periodically at the same time when performing L1 measurement as shown in Fig.4. If TCI sate is activated without L1 measurement on the corresponding RS, we need to discuss a potential new UE behavior, i.e., whether this activation equivalently add an additional L1 measurement task to UE. 
[bookmark: OLE_LINK9]Considering that core part has claimed closed, we prefer to minimize the impact to the current spec. Our proposal is that UE is not mandated to perform T/F tracking periodically after UE activates the TCI state of a neighbor cell as shown in Fig.5. (This means that we do not need to update the measurement delay requirements, CSSF, scheduling/measurement restriction, … etc.) In addition, if UE does not support L1 measurement, it is not possible to use early TCI state activation commond to trigger additional L1 measurement.Instead, UE only performs one shot T/F tracking after receiving TCI state activation command (without any periodic T/F tracking afterward).
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Fig. 4
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Fig. 5
Observation 2: L1 measurement is not necessary to support early TCI state activation in FR1.
Proposal 18: When L1 measurement is configured, after receiving TCI state activation command, UE only performs one shot T/F tracking without any periodic T/F tracking afterward.

· PDCCH-order RACH
Next, we would like to analyze whether L1 measurement is necessary for PDCCH-order RACH. As shown in Fig.6, the component that related to UE measurement is the time for T/F tracking when needed. We don’t think NW would trigger PDCCH-order RACH on neighbor cell blindly. PDCCH order-based RACH shall be trigged based on L3-RSRP beam-level report if there is no L1 measurement. 

In FR1, without L1 measurement, we see no potential issue as long as SNR of the SSB to use is above -3dB. In FR2, if L1 measurement is not performed before PDCCH, we don’t think PDCCH-order RACH can be supported due to lack of Rx fine beam information.
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Fig.6
[bookmark: OLE_LINK10]Observation 3: L1 measurement is not necessary to support PDCCH-order RACH in FR1, if the triggering is based L3 measurement report.
Observation 4: L1 measurement is necessary to support PDCCH-order RACH in FR2.

· Cell switch
In previous meetings, RAN4 agreed to define cell switch delay requirements only for known cell and known TCI state case.
· For known cell condition, either L1 measurement report or L3 measurement report is used. Therefore, L1 measurement is not essential.
· For known TCI state condition, based on the discussion last meeting, we think L1 measurement in FR1 is not essential. Last meeting, it was proposed to allow activated TCI state without L1 report to be considered as known. As discussed in 2.4.6, generally we are supportive of this concept, but some more conditions should be added. Here, we focus on discussing whether L1 measurement is necessary or not. According to the following spec, TCI state is known if 1) L1-report has been sent in 1280ms when the TCI state SNR is still ≥ -3dB or 2) TCI state has been activated (details need more discussions).
	From big CR R4-2406513:
The target joint DL/UL TCI state or separate DL and UL TCI states in the LTM cell switch command are known if the following conditions are met:
[-	The target TCI state in the cell switch command is activated not more than TBD ms before the reception of the cell switch command and SNR of the SSB associated to TCI state ≥ -3dB; or] 
[-	The target TCI state in cell switch command is activated before receiving the cell switch command and the SSB associated to target TCI state is available at least once every TBD ms after the TCI state activation command is received and SNR of the SSB associated to TCI state ≥ -3dB; or]
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target DL/UL TCI state to the completion of LTM cell switch, where the RS resource for L1-RSRP measurement is the RS in target DL/UL TCI state or QCLed to the target DL/UL TCI state
-	LTM cell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target DL/UL TCI state before the LTM cell switch command
-	The target DL/UL TCI state remains detectable during the LTM cell switching period
-	The SSB associated with the target DL/UL TCI state remain detectable during the cell switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the target joint DL/UL TCI state or separate DL and UL TCI state is unknown.



· For 1), L1 measurement is essential.
· For 2), i.e., TCI state has been activated, as proposed in 2.4.6, we think the following conditions should be added:
· SNR of the SSB associated to TCI state ≥ -3dB
· Beam-level L3 measurement results have been reported in 1280ms
· L1-RSRP measurement period is no larger than 1280ms in FR2
In FR1, L1 measurement is not essential. In FR2, L1 measurement is necessary to get best Rx fine beam. In addition, L1 measurement is also necessary for early TCI state activation in FR2 as analyzed above. 
Observation 5: L1 measurement is not necessary for cell switch in FR1, if it is based L3 measurement report.
Observation 6: L1 measurement is necessary for cell switch in FR2.
Based on the above analysis and observations, we conclude that L1 measurement is not necessary in FR1 but necessary in FR2 for R18 LTM.
Conclusion 1: L1 measurement is not necessary in FR1 but necessary in FR2 for R18 LTM.

In the next, we would like to analyze whether the same benefits can be obtained without L1 measurement in FR1 for R18 LTM. In our understanding, the benefits of R18 LTM come from the following aspects compared to legacy L3 HO:
1. Shorter delay if UE supports early RRC decoding and faster processing time
1. Acquire TA before cell switch command to skip UL synchronization during cell switch delay
1. Perform early T/F tracking to make skipping T/F tracking during cell switch delay possible
1. Fine Rx beam at UE can be used immediately after cell switch and higher data rate can be reached
1. Timely cell switch decision made based on faster L1 report to avoid HO failure due to late HO
For the first one, it is irrelevant to L1 measurement. 
For the second one, UE can also perform PDCCH-order RACH to acquire TA before cell switch without L1 measurement in FR1 and the same benefit can be achieved.
For the third one, UE can also perform early TCI state activation without L1 measurement in FR1. As shown in the following figure, if cell switch command is sent after TCI state is activated and within 160ms after receiving TCI state activation command, T/F tracking can be skipped during cell switch delay. Therefore, we can conclude that T/F tracking can be skipped by limiting a bit NW flexibility without L1 measurement in FR1.
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For the fourth one, it is for FR2 and irrelevant to FR1. 
For the fifth one, it is one of the benefits supporting L1 measurement. Without L1 measurement, we cannot get this benefit. 
In our understanding, the main benefits of R18 LTM come from the first three. So we conclude that the similar benefits can be obtained in FR1 without L1 measurement compared to with L1 measurement.
Conclusion 2: similar benefits can be obtained in FR1 without L1 measurement compared to with L1 measurement for R18 LTM.
As in FR1, L1 measurement is not necessary and similar benefits can be obtained in FR1 without L1 measurement, we propose to reply RAN2 that LTM and L1 measurement can be decoupled in FR1. 
In FR2, there will be no requirements if L1 measurement is not configured. At least, from the point of RAN4 requirements, R18 LTM and L1 measurement are coupled. Regarding capability, we suggest keeping the consistency to FR1 (i.e., decoupled) for simplicity.
Proposal 19: Reply RAN2 that from the point of RAN4 requirements
· In FR1: L1 measurement is not necessary and similar benefits can be obtained in FR1 without L1 measurement compared to with L1 measurement
· In FR2: there are not related requirements if L1 measurement is not supported or configured.
· Decouple R18 LTM and L1-RSRP measurement.
2.5.2 Question 2
Regarding the features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC for both intra-frequency and inter-frequency measurements, here per BC follows legacy definition in our view, i.e., BC of current serving cells, as R4 never proposed a different understanding.
Proposal 20: Reply RAN2 that per BC refers to BC of current serving cells for the RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) defined per BC for both intra-frequency and inter-frequency measurements.
3 Summary
In this paper, we provide some views on the open issues of R18 L1/L2 triggered mobility. We have the following observation and proposals:
[bookmark: _Hlk142597625]Proposal 1: In PDCCH ordered RACH delay, if TSSB is needed, the value is： 
· the time to first SSB transmission after slot n+1 or n+ ⌈ NT,2⌉, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· the time to first SSB transmission overlapped with MGL after slot n+1 or n+ ⌈ NT,2⌉, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
Proposal 2: Not to define requirements for UE based TA measurement in R18.
Proposal 3: Support the case that candidate cell’s SSB or PL-RS is outside active BWP in FR2, i.e., inter-f with MG, for early TCI state activation.
Proposal 4: When TCI state is known, Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ + in early TCI state activation delay.
Proposal 5: The following conditions shall be met to support unknown TCI state case for early TCI state activation in FR1: 
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.
Proposal 6: Not to consider unknown TCI state in FR2 for early TCI state activation.
Proposal 7: Not to handle the collision of multiple MAC CE commands for early TCI state activation. Specifically, not to consider early TCI state activation for multiple cells at the same time.
Proposal 8: LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to deactivated SCC and neighbor cell on deactivated SCC.
Proposal 9: Not to define intra-frequency L1-RSRP requirements for deactivated SCC.
Proposal 10: UE is supposed to perform T/F tracking (if needed) based on SSB during cell switch delay in R18 LTM.
Proposal 11: For CBRA cell switch, no additional PL-RS measurement time is needed.
Proposal 12: For CFRA and RACH-less cell switch, both in FR1 and FR2, the cell switch requirements are only applicable to the case when target PL-RS is maintained, and UE does not need extra time to measure the PL-RS. 
Proposal 13: 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 ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	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
Proposal 14: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells whose TCI state(s) are activated, if early TCI state activation on any candidate cell is triggered and the number of cells to perform early RRC decoding and validity check does not exceed UE capability.
Proposal 15: TLTM_RRC-processing in TS38.133 is zero only applicable to the latest cell on which PDCCH-order RACH is triggered if NW doesn’t active TCI state of any candidate cell and UE has received the PDCCH-order RACH command more than NT,2+10ms ago.
Proposal 16: The interruption on MCG due to PSCell change is the same as PSCell addition.
Proposal 17: In cell switch delay requirements, activated TCI state can be known if the following conditions can be met:
· SNR of the SSB associated to TCI state ≥ -3dB
· Beam-level L3 measurement results have been reported in 1280ms
· L1-RSRP measurement period is no larger than 1280ms in FR2
Observation 1: L1 measurement is necessary to support early TCI state activation in FR2.
Observation 2: L1 measurement is not necessary to support early TCI state activation in FR1.
Proposal 18: When L1 measurement is configured, after receiving TCI state activation command, UE only performs one shot T/F tracking without any periodic T/F tracking afterward.
Observation 3: L1 measurement is not necessary to support PDCCH-order RACH in FR1, if the triggering is based L3 measurement report.
Observation 4: L1 measurement is necessary to support PDCCH-order RACH in FR2.
Observation 5: L1 measurement is not necessary for cell switch in FR1, if it is based L3 measurement report.
Observation 6: L1 measurement is necessary for cell switch in FR2.
Conclusion 1: L1 measurement is not necessary in FR1 but necessary in FR2 for R18 LTM.
Conclusion 2: similar benefits can be obtained in FR1 without L1 measurement compared to with L1 measurement for R18 LTM.
Proposal 19: Reply RAN2 that from the point of RAN4 requirements
· In FR1: L1 measurement is not necessary and similar benefits can be obtained in FR1 without L1 measurement compared to with L1 measurement
· In FR2: there are not related requirements if L1 measurement is not supported or configured.
· Decouple R18 LTM and L1-RSRP measurement.
Proposal 20: Reply RAN2 that per BC refers to BC of current serving cells for the RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) defined per BC for both intra-frequency and inter-frequency measurements.
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