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Introduction
In RAN4 106-bis-e and RAN4 107, R18 L1L2-triggered mobility was discussed in RRM session and the WFs are agreed in [1], [2].
Moreover, two LSs from RAN1 that need RAN4 action are received [3] [4]. 
Based on all above information, we provide our view on the following aspects:
· DL synchronization before cell switch command
· UL synchronization before cell switch command, including
· RRM requirements for PDCCH ordered RACH (related to [3])
· RRM requirements for UE-based TA (related to [4])
Discussion on DL synchronization to target cell before cell switch command
<On SFN and symbol/slot/frame boundary acquisition>
In RAN1#111(Nov.2022), the following agreement is achieved.
	Agreement:
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability



Based on above, the intention of introducing DL sync before cell switch command is to reduce HO delay. In legacy UE behaviour, the ‘DL sync’ may at least include the following UE operation:
1. symbol boundary acquisition
2. SSB index acquisition and slot/frame boundary acquisition
3. SFN number acquisition
4. SSB-based rough time-frequency tracking
5. TRS-based fine time-frequency tracking.
Note that the 5th step above is usually not included in TCI state switching delay requirements. It will not severely impact the DL performance of a UE. Hence, UE is able to receive/transmit based on the target TCI state without TRS-based time-frequency tracking. However, UE still need to perform step 5 anyway if NW provide such information, so as to optimize its own performance. There is just no conformance requirement for this.
In current HO delay requirements, DL sync performed during HO delay is only for PRACH transmission, and the TCI state activation is not included in HO procedure. To reduce HO delay, it is possible for UE to perform L1 sync before cell switch command, so that T_delta can be removed from the cell switch procedure of LTM. As the purpose of DL sync is for PRACH transmission, during the DL sync the symbol/slot/frame boundary is obtained, and the PBCH reading is done so that the system frame number is obtained. At least symbol/slot/frame boundary acquisition is also the pre-requisite for legacy L1 measurement before cell switch. In last meeting, based on following agreements, they are obtained during L3 measurements.
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2-1-1: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Agreement>: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· For the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.
· From the view of UE, UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell.
[bookmark: _Hlk127802603]Issue 2-1-4: Requirement applicability rule for L1-RSRP measurement 
< Way Forward>: 
Common understanding: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed.
· This issue can be closed.



Observation 1  The DL sync before cell switch introduced by RAN1 is to reduce cell switch delay/interruption during LTM cell switch procedure.
Proposal 1  For DL sync before cell switch, the symbol/slot/frame boundary acquisition is assumed to be completed if UE starts to perform L1 measurement on the SSB frequency of the target/candidate cell. 

On the other hand, the necessity of SFN acquisition can be discussed in a case by case manner. For TDD, normally SFN alignment is assumed among all cells on the same frequency layer, including serving cell, if exists. For the case with SFN alignment, SSB index acquisition can be skipped. For the case SFN alignment cannot be assumed by UE, in our view, UE can perform SFN acquisition, i.e. PBCH decoding of the candidate cell during L1 measurement to this cell.
Proposal 2  For DL sync before cell switch, if SFN alignment cannot be assumed by UE, the SFN acquisition is assumed to be completed if UE performs L1 measurement on the target/candidate cell for at least one measurement occasion.
[bookmark: _GoBack]Proposal 3  If both symbol/slot/frame boundary acquisition and SFN acquisition are assumed to be completed before cell switch, the T_delta in the cell switch delay can be set as zero.

<On TCI state activation and T/F fine tracking>
In [4], the following RAN1 agreements in RAN1 #113 (May 2023) is enclosed.
	Conclusion
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported



Based on above conclusion from RAN1, for the case when candidate/target cell is current serving cell, the TRS tracking is supported. When candidate/target cell is not current serving cell, the TRS tracking will not be mandated to the UE and the TRS config information may or may not be accessible for the UE. Therefore, no RRM requirement can be set for the TRS tracking.
On the other hand, per RAN1 agreements, TCI state indication can be transmitted together with cell switch command. TCI activation should be received before cell switch command. In current TCI state activation requirements, one SSB sample is allowed, so that UE may track the TCI and its source timing, which is based on SSB. The reason why one SSB sample is allowed, in our understanding, is that SSB based tracking, which is actually rough time-frequency tracking, should be the pre-requisite for TRS-based fine tracking. UE should not be required to be able to receive based on the target TCI even if rough timing is not yet obtained. For the SSB based rough time-frequency tracking, it can be performed during UE performs L1-RSRP measurements, i.e. after UE obtained frame/slot/symbol boundary information and rough beam information in the L3 measurements.
 Proposal 4  If DL sync, i.e. MAC-CE based TCI state(s) activation, is indicated before cell switch command, and if the TCI state(s) belongs to a candidate cell which is NOT a current serving cell or an additional cell, the SSB based time-frequency tracking, which is based on at least one SSB sample, is performed simultaneously with the L1-RSRP measurement before cell switch command.Agreements in RAN1 #111
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability

Agreements in RAN1 112-bis-e
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.



Note that although DL sync can be indicated before cell switch command, since one SSB sample is needed, it is not always ensured that DL sync can be completed before cell switch command. The condition to remove T_delta during cell switch command is provided in our companion paper []
If TCI activation command is received, but TRS tracking cannot be performed, UE may need to keep the TCI or TCI list that to be activated, while the actual TCI state(s) activation, i.e. TRS tracking, should be done during cell switch procedure. However, there is no conformance requirements, actually, for the TRS tracking during TCI state switching, even for the legacy TCI state switching.
Proposal 5  For the TCI state(s) activated before cell switch command, if the TCI state(s) belongs to a candidate cell which is NOT current serving cell or additional cell, clarify in WF that the execution of TRS tracking is performed during cell switch procedure, but no additional UE requirements are needed.

Discussion on UL synchronization to target cell before cell switch command
<On PDCCH ordered PRACH>
In last meeting, the PDCCH ordered RACH related issue was discussed. The following conclusion is made.
[bookmark: _Hlk135409778]Issue 1-2-2-2: Basic assumption on DL synchronization before transmitting RACH
< Agreement>: 
· RAN4 to reuse the existing condition to meet the Te requirement in section 7.1.2 in TS38.133 for PDCCH ordered RACH transmission for candidate cell(s), i.e., at least one SSB is available (for T/F tracking) 
· at the UE during the last 160ms before msg1 is transmitted, and
· FFS: 
· after the random access is initiated by PDCCH order or other IE
· other side condition



As discussed above, the DL sync, i.e. TCI state(s) activation, is performed on a neighbour cell, normally additional two operations, compared to the L3/L1 measurements, need to be performed: 
1) PBCH decoding for SFN number acquisition, if needed. 
2) SSB-based rough time-frequency tracking.
Both 1) and 2) above are pre-requisite for RACH transmission. Without SSB-based rough time-frequency tracking, UE is not able to ensure the UL Tx timing accuracy, since the DL timing needs to be obtained first. Note that in legacy HO, rough time-frequency tracking can be performed simultaneously with SSB PBCH decoding, i.e. SFN acquisition. 
Observation 2  SSB-based DL sync is also pre-requisite of PRACH transmission to target cell in legacy HO.
Proposal 6  No RRM requirements are applicable if SSB based DL sync, i.e. TCI state(s) activation of the candidate cell, is NOT completed before the PDCCH ordered PRACH for early TA acquisition is indicated for this candidate cell.
Therefore, based on above proposals, we think the DL sync for a neighbour cell should be performed simultaneously with L1 measurement. However, as discussed in our companion paper [5], the UE may not be able to perform L1 measurement on a candidate cell with a short enough periodicity, especially if the candidate cell is on the de-activated SCC or the on an inter-frequency layer. In other word, UE might not be able to perform DL sync with a periodicity less than 160ms. In this case, i.e. the actual L1 measurement period is larger than 160ms, whenever NW sends PDCCH order for the candidate cell, UE may need to perform SSB based DL sync additionally. 
Proposal 7  For the relation between actual L1 measurement periodicity and the additional SSB-based DL sync before PDCCH ordered PRACH:
· If the actual L1 measurement period for an SSB frequency layer of the neighbour cell is larger than 160ms, whenever NW sends PDCCH order for the candidate cell, UE is allowed an SSB-based L1 measurement and the corresponding SSB processing, before it actually sends the PRACH. 
· If the actual L1 measurement period for an SSB frequency layer of the neighbour cell is no larger than 160ms, whenever NW sends PDCCH order for the candidate cell, UE is assumed in DL sync and UE is NOT allowed SSB-based measurement after PDCCH order, and before PRACH is actually transmitted.
On the other hand, the RRC configuration of PDCCH ordered PRACH has not been agreed in RAN2 yet. In our understanding, the PDCCH ordered PRACH would be configured outside candidate cell configuration, and is not ensured to be configured under active BWP. The association between PDCCH ordered RACH and the BWP configuration may not be even ready for the PDCCH ordered RACH. For example, msg1-Frequencystart is normally used in legacy to configure the frequency position of the PRACH resource. However, without BWP configuration, it is difficult to configure this. No RAN1/2 conclusion on this yet. In our view, RAN4 can continue discussion for the case when the PRACH to neighbour cell is at least covered by one of the BWP configured in one of current serving cells. In this case, when PDCCH ordered PRACH is triggered, DCI-based BWP switching should be performed.
Proposal 8  For defining RRM requirements, RAN4 proceeds with the assumption that for the PDCCH ordered PRACH to target cell, the PRACH resource is covered by at least one configured BWP of any serving cell. For other cases, RAN4 waits until RAN1/2 further agrees on how the frequency location of the PRACH resource is indicated for the case that PRACH resource is outside all configured BWP(s), similar to msg1-Frequencystart for the case that PRACH resource is within the configured BWP.
Regarding the BB processing and RF re-tuning, in our understanding, are also related to how the frequency position of PDCCH ordered RACH is configured. Therefore, regarding the LS, RAN4 should inform RAN1/2 about the issue that RF retuning, including the RF tuning time for getting the UL carrier ready, should be considered. However, how to specify the UL configuration for the PDCCH ordered RACH should be up-to RAN1.
Proposal 9  RAN4 to inform RAN1/2 in the reply LS that if the PRACH is outside the configured BWP of any serving cell, RF retuning to the target frequency and re-tuning back to current frequency are needed. Moreover, to get the RACH resource ready, BB processing and additional RF tuning time is needed. It is up to RAN1/2 how to specify the configuration mechanism for this case.
Additionally, if PRACH resource of a candidate cell can be covered by one of the configured BWP, it means the PRACH transmission is within current UE capability of single CC or CA configuration. However, if PRACH resource of a candidate cell is not covered by any of the configured BWPs, it means the PRACH transmission may even be beyond UE UL CA capability. This is related to the interruption requirements. As discussed in previous proposals, since no RAN1/2 conclusions on this issue yet, RAN4 does not yet need to consider those in the interruption requirement design.
Proposal 10  RAN4 to prioritize interruption requirements of PRACH on a candidate cell assuming UE has the corresponding CA capability for the inter-CC case, and the PRACH of a candidate cell is at least covered by one of configured BWP of any serving cell. If UE has no corresponding CA capability for the inter-CC PRACH transmission on a candidate cell, RAN4 shall hold the RRM requirement discussion until RAN1/2 concludes corresponding mechanism.

<On UE based TA measurement>
In [4], RAN1 has informed RAN4 about the working assumption and ask RAN4 to provide feasibility analysis.
D. UE based TA measurement

RAN1 has confirmed the following working assumption, which was made in RAN1#112:
Working Assumption
From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec

RAN1 respectfully asks RAN4 to analyze the feasibility of supporting this mechanism. 


In our understanding, UE based TA measurement can be applied to both with-early-RACH scenario and without-early-RACH scenario. For the with-early-RACH scenario, UE may be indicated by PDCCH order to send PRACH to candidate cell. However, there is no conclusion in RAN1/2 yet about the maximal interval between the PRACH and the cell switch command indicating the applicable TA. In our understanding, in case the interval between PRACH and cell switch command is large, UE capable of UE-based TA adjustment can track the variation of DL RTD between source cell and target cell, and applied the indicated TA in the cell switch command with adjustment based on RTD variation. 
The calculation of Timing difference illustrated in Figure 1.


Figure 1  UE-based TA adjustment configured in with early RACH considering TAE between cells
Note that in Figure 1, the value of p can be larger than s2, and therefore it is possible that based on the above calculation, UE need to actually delay the UL transmission a little based on UE-based TA. However, the Tx timing is actually for PRACH. The maximum TA adjustment can be up to 1ms for FR1 and 250us for FR2, for the long TA MAC CE indicated during cell switch command, which is calculated by gNB. Hence there is no big issue. In the following Figure 2, the timeline of UE based TA adjustment after PDCCH-ordered RACH is illustrated.


Figure 2  Timeline of UE-based TA adjustment after early RACH
On the other hand, if network can ensure the TAE between cells is less than 260ns, the UE-based TA adjustment is also feasible, even if no PRACH is transmitted at all. This is similar to the UE autonomous TA adjustment during TCI switching for the ICBM scenario. At least for FR1, we see the feasibility that TAE between cells can be ensured less than 260ns
Proposal 11  RAN4 to discuss the feasibility of UE-based TA adjustment assuming the PRACH to candidate cell is still available in the mechanism, e.g. UE sends PDCCH ordered RACH to candidate cell before cell switch command, and autonomously adjust TA during the interval between PRACH and cell switch command.
Proposal 12  UE based TA adjustment is feasible, at least if TAE between gNB is no larger than 260ns in FR1, or if it is used for UE autonomous TA adjustment between PRACH transmitted before cell switch command and the actual TA indicated during cell switch command.
At last, the reference signal for UE based TA adjustment for the mobility scenario can be different from the ICBM case. In some cases, UE does not have the candidate cell TRS information, and therefore is not able to perform TRS based fine time/frequency tracking before cell switch. Additional timing error can be considered.
Proposal 13  RAN4 can further discuss whether to allow additional timing error for the UE based TA adjustment if candidate cell TRS is not accessible for the UE before cell switch command.

Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  The DL sync before cell switch introduced by RAN1 is to reduce cell switch delay/interruption during LTM cell switch procedure.
Proposal 1  For DL sync before cell switch, the symbol/slot/frame boundary acquisition is assumed to be completed if UE starts to perform L1 measurement on the SSB frequency of the target/candidate cell. 
Proposal 2  For DL sync before cell switch, if SFN alignment cannot be assumed by UE, the SFN acquisition is assumed to be completed if UE performs L1 measurement on the target/candidate cell for at least one measurement occasion.
Proposal 3  If both symbol/slot/frame boundary acquisition and SFN acquisition are assumed to be completed before cell switch, the T_delta in the cell switch delay can be set as zero.
Proposal 4  If DL sync, i.e. MAC-CE based TCI state(s) activation, is indicated before cell switch command, and if the TCI state(s) belongs to a candidate cell which is NOT a current serving cell or an additional cell, the SSB based time-frequency tracking, which is based on at least one SSB sample, is performed simultaneously with the L1-RSRP measurement before cell switch command.
Proposal 5  For the TCI state(s) activated before cell switch command, if the TCI state(s) belongs to a candidate cell which is NOT current serving cell or additional cell, clarify in WF that the execution of TRS tracking is performed during cell switch procedure, but no additional UE requirements are needed.
Observation 2  SSB-based DL sync is also pre-requisite of PRACH transmission to target cell in legacy HO.
Proposal 6  No RRM requirements are applicable if SSB based DL sync, i.e. TCI state(s) activation of the candidate cell, is NOT completed before the PDCCH ordered PRACH for early TA acquisition is indicated for this candidate cell.
Proposal 7  For the relation between actual L1 measurement periodicity and the additional SSB-based DL sync before PDCCH ordered PRACH:
· If the actual L1 measurement period for an SSB frequency layer of the neighbour cell is larger than 160ms, whenever NW sends PDCCH order for the candidate cell, UE is allowed an SSB-based L1 measurement and the corresponding SSB processing, before it actually sends the PRACH. 
· If the actual L1 measurement period for an SSB frequency layer of the neighbour cell is no larger than 160ms, whenever NW sends PDCCH order for the candidate cell, UE is assumed in DL sync and UE is NOT allowed SSB-based measurement after PDCCH order, and before PRACH is actually transmitted.
Proposal 8  For defining RRM requirements, RAN4 proceeds with the assumption that for the PDCCH ordered PRACH to target cell, the PRACH resource is covered by at least one configured BWP of any serving cell. For other cases, RAN4 waits until RAN1/2 further agrees on how the frequency location of the PRACH resource is indicated for the case that PRACH resource is outside all configured BWP(s), similar to msg1-Frequencystart for the case that PRACH resource is within the configured BWP.
Proposal 9  RAN4 to inform RAN1/2 in the reply LS that if the PRACH is outside the configured BWP of any serving cell, RF retuning to the target frequency and re-tuning back to current frequency are needed. Moreover, to get the RACH resource ready, BB processing and additional RF tuning time is needed. It is up to RAN1/2 how to specify the configuration mechanism for this case.
Proposal 10  RAN4 to prioritize interruption requirements of PRACH on a candidate cell assuming UE has the corresponding CA capability for the inter-CC case, and the PRACH of a candidate cell is at least covered by one of configured BWP of any serving cell. If UE has no corresponding CA capability for the inter-CC PRACH transmission on a candidate cell, RAN4 shall hold the RRM requirement discussion until RAN1/2 concludes corresponding mechanism.
Proposal 11  RAN4 to discuss the feasibility of UE-based TA adjustment assuming the PRACH to candidate cell is still available in the mechanism, e.g. UE sends PDCCH ordered RACH to candidate cell before cell switch command, and autonomously adjust TA during the interval between PRACH and cell switch command.
Proposal 12  UE based TA adjustment is feasible, at least if TAE between gNB is no larger than 260ns in FR1, or if it is used for UE autonomous TA adjustment between PRACH transmitted before cell switch command and the actual TA indicated during cell switch command.
Proposal 13  RAN4 can further discuss whether to allow additional timing error for the UE based TA adjustment if candidate cell TRS is not accessible for the UE before cell switch command.
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