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Introduction
In RAN4 #108, R18 L1L2-triggered mobility was discussed in RRM session and the WFs are agreed in [1]. Moreover, 2 reply LSs are approved [2], [3].
Moreover, LSs from RAN1 has provided the latest UE feature and RRC parameters information in [4] and [5]. 
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
Discussion on DL synchronization to target cell before cell switch command
<On SFN 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 during handover delay, the ‘DL sync’ may at least include the following steps:
1. symbol boundary acquisition
2. SSB index acquisition and slot/frame boundary acquisition
3. SFN (system frame number) acquisition
4. SSB-based rough time-frequency tracking
5. TRS-based fine time-frequency tracking.
Note that step 1 and 2 are normally performed during L3 measurements and step 5 is performed by UE without interruption/RRM requirements impact.
Considering scenarios where LTM are applicable, the necessity of adding SFN acquisition delay for DL sync 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. However, for inter-frequency TDD carrier, UE may still need to perform SFN acquisition if no deriveSSB-IndexFromCellInter is indicated in the MeasObject. For FDD carrier, the SFN alignment between cells on the same carrier might not be assumed if no deriveSSB-IndexFromCell, and UE may need to perform PBCH decoding to target cell during DL sync. The signalling deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter can be re-used for LTM use cases. In TS 38.331 and TS 38.133, the following are captured.
	TS 38.331 v17.5.0

	deriveSSB-IndexFromCell
If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier as specified in TS 38.133 [14]. Hence, if the UE is configured with a serving cell for which (absoluteFrequencySSB, subcarrierSpacing) in ServingCellConfigCommon is equal to (ssbFrequency, ssbSubcarrierSpacing) in this MeasObjectNR, this field indicates whether the UE can utilize the timing of this serving cell to derive the index of SS block transmitted by neighbour cell. Otherwise, this field indicates whether the UE may use the timing of any detected cell on that target frequency to derive the SSB index of all neighbour cells on that frequency.

	[bookmark: _Hlk97458315]deriveSSB-IndexFromCellInter
If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.



[bookmark: _Hlk127802603]TS 38.133 v17.10.0
9.2.5.1	Intrafrequency cell identification
The UE shall be able to identify a new detectable intra-frequency cell within Tidentify_intra_without_index if the UE is not indicated to report SSB based RRM measurement result with the associated SSB index(reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured), or the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled). Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index. The UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within Tidentify_intra_without_index. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2 with SCS smaller or equal to 480 kHz.



Note that in previous meeting it is already agreed/common-understanding that the SFN acquisition delay defined in TS 38.133 Table 9.10.2.5-3 for CSI-RS L3 measurements can be re-used if additional SFN acquisition delay is needed.
Based on above, we have the following proposal.
Proposal 1 Regarding how to acquire SFN:
· For LTM candidate/target cell on a serving CC, if deriveSSB-IndexFromCell is not configured in the corresponding ServingCellMO, UE needs additional time for PBCH decoding, i.e. SFN acquisition. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.
· For LTM candidate/target cell on an inter-frequency measurement layer, if deriveSSB-IndexFromCellInter is not configured in the corresponding MO, UE needs additional time for PBCH decoding, i.e. SFN acquisition.
· For all other cases, NO need to add additional time for SFN acquisition delay.
The SFN is necessary for UE to understand PRACH configuration of candidate/target cell if no SFN alignment with serving cell can be assumed. It is also necessary for other physical configuration, if agreed to be needed before cell switch in future release. Therefore, we still prefer to have a standalone section for LTM pre-synchronization requirements. Our understanding is that, LTM pre-synchronization is exactly the TCI activation before cell switch.
Proposal 2  RAN4 assume that UE performs SFN acquisition of target cell, if needed, when gNB indicates UE to activate the TCI of target cell before cell switch.
Proposal 3  Specify LTM pre-synchronization requirements, i.e. RRM requirements for TCI activation before cell switch, in a new sub-section of TS 38.133. 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
A draft CR for proposal 3 is provided in our companion paper [6].
<On UE supported number of candidate neighbour cells with active TCI>
For UE supports LTM, as agreed in last RAN1, UE can report at most 4 cells in a reporting instance, while serving cell can be included. Moreover, UE may perform L1 measurement on no more than 3 neighbor cells for UE supporting only baseline L1 measurements. Therefore, we think the supported number of candidate neighbour cells with active TCI by a UE should be no more than 3. However, we think RAN1 is still discussing this issue. RAN4 can wait for further conclusion from RAN1, and see if requirements need to be specified for all scenarios.
Proposal 4  In LTM, the supported number of candidate neighbour cells with active TCI by a UE should be no more than 3. RAN4 can wait for further conclusion from RAN1 on this issue and see if requirements need to be specified for all possible UE capability levels.

<On DL BWP of target/candidate cell in TCI activation before cell switch>
In current NR specification, the RB number of all physical RSs and channels are configured based on BWP bandwidth. Without BWP information it is difficult for UE to apply the corresponding RF filter to achieve better RF Rx or Tx performance. For legacy L3 measurement on a cell, BWP of corresponding cell might be in-active and serving cell active BWP does not cover the corresponding BWP hence UE may perform measurement within gaps. Note that normally L3 measurements are performed with more samples compared to legacy L1 measurements, while the later one are performed only within active BWPs.
Observation 1  Except L3 measurement, all legacy R17 L1 measurements, including RLM/BFD/CBD measurements are expected to be performed only within active BWPs, in which good UE RF performance can be ensured for the baseband Rx.
In previous meetings, it was generally agreed that LTM L1 measurements can be performed outside active BWPs. However, after TCI activation, the corresponding BWP should be activated at least for the case when PDCCH-ordered early RACH is configured. Otherwise, UE might not be able to activate the corresponding RF filter hence might not be able to meet the Tx RF requirements when the early RACH is transmitted. In future release, in case BWP of DL is also agreed to be configured, e.g. for CSI-RS. Note that currently in [5], the new IE EarlyUlSyncConfig-r18, which is under LTM-Candidate-r18, already includes the FrequencyInfoUL and may further include BWP-genericParameters. This means the corresponding UE channel bandwidth has been provided to UE for early RACH, and if BWP-genericParameters are not included, then UE may assume a default BWP with the same bandwidth as UE channel bandwidth. With this, UE may be able to apply a feasible RF filter for the channel bandwidth.
Proposal 5  For the case UE channel_bandwidth/BWP is different from serving cell, if it is needed for some UE procedures before cell switch, e.g. early RACH, the activation delay is needed during DL pre-synchronization so that the corresponding UE filters are activated. Otherwise, UE may skip this activation delay during DL pre-synchronization and apply a longer delay in Tprocessing,2 for RF warm-up and software processing. 
Regrading the value of the delay for applying such RF filters, 5ms is fine for the intra-FR case, and 10ms for inter-FR. Since RF retuning might be needed, the interruption of this can be 1ms.
Proposal 6  If UE activation delay for applying UE channel_bandwidth/BWP is needed during DL pre-synchronization, the activation delay is [5ms] for intra-FR case, while the interruption to all other active serving cells is [1ms].
For L1 measurement before cell switch, UE may have the capability of dealing RTD>CP in R18 LTM. For UE capable of performing LTM L1 measurements when RTD > CP, UE may also be able to deal with TCI activation before cell switch if the DL timing difference of the activated TCIs, including serving cell TCIs, is larger than CP. For UE not capable of such L1 measurement, we think there is also no need to consider RTD>CP case for TCI activation before cell switch.
Proposal 7  UE capable of performing LTM L1 measurements when RTD > CP is also assumed to be capable of TCI activation before cell switch when RTD > CP. UE not supporting LTM L1 measurements is also assumed to be in-capable of TCI activation before cell switch when RTD > CP.

Discussion on UL synchronization to target cell before cell switch command
<On delay/interruption requirements for PDCCH ordered RACH before cell switch>
In last meeting, RAN4 has replied RAN1 LS in [2]. Some remaining issues are left over.
Firstly, we do not see sufficient RAN1/RAN2 discussion on the case when SSB index indicated PDCCH ordered RACH is not in the active TCI list. So far it is not an ordinary case to RAN4. We prefer to postpone the RRM requirements related discussion on this issue.
Proposal 8  For the case when SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, the RRM requirements discussion is postponed until further clarification on this has been achieved in RAN1.
Regarding the remaining issue on delay for applying RF and/or BB preparation and re-tuning, if PRACH bandwidth of neighbor cell is within active UL BWP, there is no other BB preparation needed except ΔDelay. Note that ΔDelay was agreed to be kept in this PDCCH-ordered RACH. If PRACH bandwidth is not activated.
If PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, it would be out-side current UE channel bandwidth. Therefore, additional activation delay for applying UE channel_bandwidth is needed. Such delay can be 5ms with 1ms interruption for RF adjustments. 
[bookmark: _Hlk143837117]Proposal 9  For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation is 0.
Proposal 10  For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell:
· If RAN4 agrees that UE activation delay for applying UE channel_bandwidth/BWP is counted in DL pre-synchronization, then ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133
· Otherwise, on top of DCI based BWP switching delay, additional delay of [5ms] and interruption of [1ms] is needed before RACH transmission.
So far, in RAN1 feature list discussion, the early TA acquisition is per-band per BC capability. However, it is not yet clear in RAN1 what does this per-BC means. In our understanding, it would be CA band-combination related UE capability. Anyway, RAN1 may needs further discussion to clarify the highlighted part.
[image: ]
Observation 2  RAN1 is still discussing how to clarify the [Per band/BC] for Mobility related RAN1 features.
Therefore, we have the following proposal.
Proposal 11  RAN4 to prioritize interruption requirements of PRACH on a candidate cell assuming the serving cell and candidate cell is within UE CA band combination capability in this release. 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.
For the case if PRACH of a candidate cell is at least within UE’s DL CA capability, UE may or may not be able to have UL CA capability. Even if UE has UL CA capability, UE may not have the capability to simultaneously transmit UL on different CCs. The corresponding conclusion from RAN1/2 is cited as follows.
	Agreements in RAN1 #114
Agreement
When the UE does not support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell, support
· serving cell UL TX is dropped.

Agreement
If the UE supports simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell in the same frequency range, support:
· A PRACH transmission to a LTM candidate cell has the highest priority for power allocation
Note: up to UE whether performs power scale-down or drop of UL transmission with lower priority when UL transmission power is insufficient.

Agreements in RAN2 #119
It is up to UE implementation to handle the RACH initiation collisions where the early RACH is getting involved. No specification change can be foreseen.




Therefore, RAN4 only needs to consider UL interruption requirements for the case the UE BWP/CH_BW associated to the PRACH of candidate cell is at least within UE DL CA capability, while only interruption to UL can be foreseen.
Proposal 12  Unless RAN1 further clarify [per band/BC] in the RAN1 features, RAN4 only needs to specify UL interruption requirements for PDCCH ordered RACH before cell switch for the following cases:
· Case I: If the serving cell and candidate cell is within DL CA capability, but UE BWP/CH_BW associated to the PRACH of candidate cell is not within UL CA capability, UL interruption on serving cell includes the RF retuning time, and PRACH transmission time.
· Case II: If the serving cell and candidate cell is within DL CA capability, and UE BWP/CH_BW associated to the PRACH of candidate cell is within UL CA capability, but UE does not support simultaneous UL transmission between UL carriers, UL interruption on serving cell includes only PRACH transmission time.
· Case III: If UE has the corresponding CA capability and simultaneous UL-TX capability, no interruption on UL is needed.
· Whether Case I is supported in RAN1 procedure needs further confirmation from RAN1. For case II and case III, interruption due to activation of UE filters is discussed separately.

<On UL timing requirements for PDCCH-ordered RACH>
To determine serving PCell uplink timing, UE needs to firstly calculate the DL timing of the corresponding cell. Then based on n-TimingAdvanceOffset in ServingCellConfigCommon, UE may know the initial TA NTA-Offset it needs to transmit uplink to that cell. However, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18, which means UE may not know the accurate NTA-Offset for candidate cell before sending the early RACH. Therefore, the most straightforward would be, UE always assumes the serving cell n-TimingAdvanceOffset also applied for the cell where PRACH transmitted.
Observation 3  In RAN1 RRC parameters, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18.
Proposal 13  For PDCCH-ordered RACH to neighbour cell, UE always assumes the serving cell n-TimingAdvanceOffset also applies for the cell where PRACH transmitted.
Moreover, we do not see the TAG related discussion for early RACH in RAN2. Our understanding is that TAG for neighbour cell is not yet activated. In other word, the reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Observation 4  In R18 LTM, no enhancement to the TAG is agreed in RAN1/2. The reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Therefore, the UL Tx timing requirements for PDCCH ordered RACH, should be based on TA of current serving cell and RTD calculated based on serving and neighbour cell Rx Timing. Considering gNB TAE issue, in R17 FR2 HST, similar discussion on one-shot autonomous TA adjustment happened, and relaxation on Te requirements was adopted in TS 38.133. In R18 PDCCH-ordered RACH before cell switch, the UL Tx timing requirements should also follow such relaxation.
	TS 38.133 v17.10.0 
7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .
Above,
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.




Proposal 14  Re-use the UL timing adjustment requirements defined for R17 FR2 HST as the baseline for PDCCH-ordered RACH to neighbour cell before cell switch command.
An illustration of such timing adjustment procedure is provided in Fig. 1


Figure 1  Uplink timing determination for 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 needs to actually delay the UL transmission a little based on UE autonomous adjustment.

<On uplink timing requirements for UE-based TA>
For UE supporting UE-based TA during cell switch command, UE may autonomously calculate the RTD between serving cell and neighbour cell, and compensate the UL TA accordingly. In last meeting RAN4 has replied the LS to RAN1 confirming the feasibility under certain scenarios. 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, as illustrated in Figure 2.


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.
Regarding the UL Tx timing requirements, RAN4 has already made the following conclusion in RAN4 #105. Therefore, we think there is no need to have any specific UE requirements for UE-based TA.
	< Agreement in RAN4 #105>: 
Issue 1-7-1: transmit timing accuracy
· [bookmark: _Hlk118812119]Transmit timing accuracy requirements for any uplink transmission after cell switch should follow existing requirements.




Proposal 15  UE-based TA during cell switch command can be applicable to both with-early-RACH scenario and without-early-RACH scenario. No need to specify specific UL Tx timing requirements for UE-based TA.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1 Regarding how to acquire SFN:
· For LTM candidate/target cell on a serving CC, if deriveSSB-IndexFromCell is not configured in the corresponding ServingCellMO, UE needs additional time for PBCH decoding, i.e. SFN acquisition. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.
· For LTM candidate/target cell on an inter-frequency measurement layer, if deriveSSB-IndexFromCellInter is not configured in the corresponding MO, UE needs additional time for PBCH decoding, i.e. SFN acquisition.
· For all other cases, NO need to add additional time for SFN acquisition delay.
Proposal 2  RAN4 assume that UE performs SFN acquisition of target cell, if needed, when gNB indicates UE to activate the TCI of target cell before cell switch.
Proposal 3  Specify LTM pre-synchronization requirements, i.e. RRM requirements for TCI activation before cell switch, in a new sub-section of TS 38.133. 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
Proposal 4  In LTM, the supported number of candidate neighbour cells with active TCI by a UE should be no more than 3. RAN4 can wait for further conclusion from RAN1 on this issue and see if requirements need to be specified for all possible UE capability levels.
Observation 1  Except L3 measurement, all legacy R17 L1 measurements, including RLM/BFD/CBD measurements are expected to be performed only within active BWPs, in which good UE RF performance can be ensured for the baseband Rx.
Proposal 5  For the case UE channel_bandwidth/BWP is different from serving cell, if it is needed for some UE procedures before cell switch, e.g. early RACH, the activation delay is needed during DL pre-synchronization so that the corresponding UE filters are activated. Otherwise, UE may skip this activation delay during DL pre-synchronization and apply a longer delay in Tprocessing,2 for RF warm-up and software processing. 
Proposal 6  If UE activation delay for applying UE channel_bandwidth/BWP is needed during DL pre-synchronization, the activation delay is [5ms] for intra-FR case, while the interruption to all other active serving cells is [1ms].
Proposal 7  UE capable of performing LTM L1 measurements when RTD > CP is also assumed to be capable of TCI activation before cell switch when RTD > CP. UE not supporting LTM L1 measurements is also assumed to be in-capable of TCI activation before cell switch when RTD > CP.
Proposal 8  For the case when SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, the RRM requirements discussion is postponed until further clarification on this has been achieved in RAN1.
Proposal 9  For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation is 0.
Proposal 10  For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell:
· If RAN4 agrees that UE activation delay for applying UE channel_bandwidth/BWP is counted in DL pre-synchronization, then ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133
· Otherwise, on top of DCI based BWP switching delay, additional delay of [5ms] and interruption of [1ms] is needed before RACH transmission.
Observation 2  RAN1 is still discussing how to clarify the [Per band/BC] for Mobility related RAN1 features.
Proposal 11  RAN4 to prioritize interruption requirements of PRACH on a candidate cell assuming the serving cell and candidate cell is within UE CA band combination capability in this release. 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 12  Unless RAN1 further clarify [per band/BC] in the RAN1 features, RAN4 only needs to specify UL interruption requirements for PDCCH ordered RACH before cell switch for the following cases:
· Case I: If the serving cell and candidate cell is within DL CA capability, but UE BWP/CH_BW associated to the PRACH of candidate cell is not within UL CA capability, UL interruption on serving cell includes the RF retuning time, and PRACH transmission time.
· Case II: If the serving cell and candidate cell is within DL CA capability, and UE BWP/CH_BW associated to the PRACH of candidate cell is within UL CA capability, but UE does not support simultaneous UL transmission between UL carriers, UL interruption on serving cell includes only PRACH transmission time.
· Case III: If UE has the corresponding CA capability and simultaneous UL-TX capability, no interruption on UL is needed.
· Whether Case I is supported in RAN1 procedure needs further confirmation from RAN1. For case II and case III, interruption due to activation of UE filters is discussed separately.
Observation 3  In RAN1 RRC parameters, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18.
Proposal 13  For PDCCH-ordered RACH to neighbour cell, UE always assumes the serving cell n-TimingAdvanceOffset also applies for the cell where PRACH transmitted.
Observation 4  In R18 LTM, no enhancement to the TAG is agreed in RAN1/2. The reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Proposal 14  Re-use the UL timing adjustment requirements defined for R17 FR2 HST as the baseline for PDCCH-ordered RACH to neighbour cell before cell switch command.
Proposal 15  UE-based TA during cell switch command can be applicable to both with-early-RACH scenario and without-early-RACH scenario. No need to specify specific UL Tx timing requirements for UE-based TA.
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