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Introduction
[bookmark: _Hlk158790462]In RAN4 #109, the WF and LS to RAN2 [1], [2] are approved.
Based on all above information, we provide our views on the essential maintenance issues of R18 LTM general aspects.
Discussion on maintenance of TCI pre-activation requirements
<On how to capture the delay requirements of LTM TCI activation before/during cell switch>
In RAN4 #109, the follow issue was discussed and the agreements are achieved as follows.
	Issue 1-1-2: Whether and how to define TCI state activation delay requirements for early T/F tracking before cell switch command 
Ad hoc agreement
< Agreement>:
· RAN4 to define a time gap between TCI state activation and PDCCH order RACH or cell switch. If PDCCH order or cell switch cmd is received before the time gap, additional time for T/F tracking in PDCCH order RACH delay or cell switch delay requirement is needed.



Regarding how to capture the time gap, some companies proposed to capture it in the requirements for RACH timing or the requirements for cell switch delay. Another approach is to capture it in a dedicated section of TS 38.133, e.g. 8.X. We still prefer the latter approach. The reason includes the following:
1. Normally a time gap is likely to be a fixed value, but the delay of TCI activation is NOT. It depends on various conditions. Firstly, the length of the gap depends on whether the TCI to be activated is known or not. If it is not known, additional time for L1-RSRP measurement, which also includes beam sweeping factor, is needed. In this case, the length of the time gap is dependent on whether UE has performed L1 measurement on the corresponding RS or not before the TCI pre-activation command is received. Secondly, for FR2, if TCI pre-activation MAC CE indicates more than one TCIs and UE needs more than one Rx beams to perform the time-frequency rough tracking, and UE is only capable of performing tracking for one Rx beam at a time, more TCI activation delay is needed. Considering these, a fixed length gap would need to count too long delay if it needs to fit for the worst case.
2. The applicability of the time gap may also impact the applicability of uplink timing requirements for PDCCH-ordered RACH. For example, for PDCCH-ordered RACH, if UE does not support RTD>CP, as agreed before, RRM requirements are not applicable if the activated TCI does not meet the restriction of RTD<CP (i.e. RTD between target TCI and source cell TCI is no larger than CP). In this case, no UE requirements can be applied for the PDCCH-ordered RACH, since UE is not able to perform SSB measurement or time tracking for the target SSB without interruption to serving cell(s).
3. Although in R18, RAN4 companies are not willing to define requirements for UE capable of performing TRS-tracking or PL-RS maintaining before cell switch, we are not sure whether RAN4 will consider them in future release. At least we do see the benefit of UE supporting TRS tracking before cell switch. Note that TRS tracking and more beam related operations can be considered in R19. Capturing time gap in either UL timing requirements or cell switch delay requirements is not a good way for forward-compatibility of the spec.
Therefore, although it would be very difficult to specify any test case for the LTM TCI activation (i.e. before or during cell switch), but for better spec structure and forward compatibility of the core requirements, we still prefer to capture them in a dedicated section. The CR for this, is provided in [3].
Observation 1  The delay of LTM TCI activation may vary depending on the known/unknown status of the TCI, UE Rx beam assumptions, etc. Therefore, a ‘fixed-length’ time gap would need to count too long delay if it needs to fit for the worst case.
Observation 2  If UE is unable to perform TCI activation to one of the target cell due to the RTD<CP restrictions, UE is also likely unable to perform PDCCH-ordered RACH to this target cell.
Proposal 1   Capture the LTM TCI activation delay requirements in a dedicated section 8.X1 of TS 38.133, rather than in UL timing requirements for PDCCH-ordered RACH or cell switch delay requirements, so that the applicability of requirements can be better captured.
Moreover, in last meeting, the known condition of one LTM TCI for candidate cell is agreed as follows.
	Issue 3-4-2: known TCI state conditions
< Agreement >
· 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 DL/UL TCI state in the LTM cell switch command is known if the following conditions are met:
· 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.



Although above agreements are intended for the case of cell switch, we see it is also necessary to extend it to the case of TCI activation that is associated to PDCCH-ordered RACH. Since the known TCI condition impacts both PDCCH-ordered RACH and cell switch, we think it would be better if a new section for TCI activation is used to capture this.
Proposal 2  Capture the agreement for the definition of known TCI in 8.X1.

<On whether to consider the PL-RS maintaining delay for LTM TCI activation before cell switch>
[bookmark: _Hlk158741046]We do not see the urgency to specify R18 RRM requirements considering UE maintaining PL-RS before cell switch. PL-RS maintaining, in our understanding, is an optimization for UE PHR reporting and corresponding UL transmission. A UE can still transmit UL signal without finishing the PL-RS maintaining. Hence, existing UL TCI requirements states that ‘UE is able to xxx based on target TCI…’. In other word, it is not precluded that UE can finish the PL-RS tracking earlier, or start to transmit UL signal that is not strictly based on the UL TCI.
[bookmark: _Hlk158741194]Proposal 3  PL-RS maintaining delay is not counted in the delay requirements for early TCI activation before cell switch, at least in R18. 
Based on above proposal, we think there is no need to specify RRM requirements for the UL LTM TCI state activation in R18. In [3], the RRM requirements are proposed to specify only for DL LTM TCI activation. UE may or may not activate the UL LTM TCI before cell switch. There is no additional impact to the cell switch delay or PDCCH ordered RACH timing accuracy.
Discussion on maintenance of UL timing requirements for PDCCH-ordered RACH and UE-based TA
<On Clarification of ‘one SSB delay’ >
The following issue was discussed in last meeting and agreements are achieved as following.
	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.



In our understanding ‘one Tssb delay’ here refers to the following description in existing TS 38.133.
	TS 38.133 v17.12.0
7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH.
-	when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. When the UL SCS is 480 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 80 ms. When the UL SCS is 960 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 40 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing  is received from the reference cell at the UE antenna. NTA for PRACH is defined as 0.
…
8.10.3	MAC-CE based TCI state switch delay
If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state
-	TSSB-proc = 2 ms; 
-	TOk = 1 if target TCI state is not in the active TCI state list for PDSCH, 0 otherwise.



In legacy, the SSB used for time-frequency tracking is mainly for the case that the TCI is known, and the UE only needs to consider performing TCI state with one known Rx beam. However, for R18 LTM, if PDCCH order is triggered for a candidate cell, there is no yet agreement on whether the associated TCI state is known or not. Technically, if not, UE needs to perform Rx beam sweeping, and the delay for L1 RSRP measurement may varies according multiple types of conditions, e.g. gap sharing, CSSF, etc. Hence, we think it is better to restrict the applicability of UL timing accuracy requirements, so that a strict timeline for PDCCH ordered RACH can be ensured. In other word, we think network shall ensure that it has at least received one relevant LTM L1 report before it triggers PDCCH-ordered RACH.
Proposal 4  For both FR1 and FR2, if the PDCCH ordered RACH is triggered for a candidate cell, and the SSB associated to the RACH is NOT associated to one of UE’s known TCI, no uplink timing accuracy requirement is applicable.
Moreover, for PDCCH ordered RACH, if it is triggered, UE will prioritize the measurement on the corresponding SSB. Since this SSB is probably not serving cell SSB, and it is not used for DL/UL transmission, in our understanding, it would impact the L1 measurement on both serving cell and candidate cells. Longer L1 measurement delay is expected.
Proposal 5  Longer SSB-based L1 measurement delay is expected if, on one of the SSBs, UE needs to perform the SSB-based time frequency tracking for the PRACH triggered by PDCCH order.
The above proposal needs to be captured in SSB-based L1 measurement delay requirements.
Since SSB-based tracking for PDCCH ordered RACH may have different Rx beam assumption as other TCI activation or another simultaneous PDCCH ordered RACH that needs additional SSB based tracking, we think there is also no need to define requirement for these cases.
Proposal 6  No RRM requirements are applicable if the SSB-based tracking for PDCCH ordered RACH collides with SSB-based tracking in serving cell TCI activation or SSB-based tracking for another simultaneous PDCCH ordered RACH.

[bookmark: _Hlk158284341]<On DL timing reference for PDCCH-ordered RACH to one of current serving cell>
For LTM in intra-DU non-collocated deployment, gNB may still need to trigger PDCCH-ordered RACH to one of the serving cells if this serving cell is the target candidate cell. So far, unless in R18 MIMO 2-TA, UE only needs to consider RTD < CP on one intra-freq. layer, and RTD less than MRTD defined in clause 7.6.4 of TS 38.133 for the multi-carrier case. For the non-collocated multi-carrier case, if one SCell has only DL carrier, but will be promoted to the PCell based on LTM cell switch command, early RACH can be triggered. In this case, UE may use the SSB in the SCell, if exists, as the DL timing reference. As only collocated scenarios are considered for SSB-less SCell, we see no necessity to consider the case SSB does not exist for PDCCH ordered RACH to one of current serving cell.
Observation 3  For the co-located CA, no matter SCell is DL-only SCell or DL+UL SCell, there is no need to perform PDCCH-ordered RACH, because normally they are in the same TAG.
Observation 4  For the non-collocated CA, if a SCell is a DL+UL SCell and it is in another TAG different from PCell, and it is configured as a candidate cell for LTM cell switch, there is no need to perform PDCCH-ordered RACH because its uplink timing is already tracked by gNB.
Proposal 7  For the non-collocated multi-carrier case, if one SCell only has DL carrier, and is configured as a candidate cell for LTM cell switch, early RACH can be triggered before cell switch command. In this case, UE may also use the SSB in the SCell as the DL timing reference for PDCCH-ordered RACH to target cell.

<On uplink timing requirements for UE-based TA>
As discussed and agreed in RAN1/2, UE-based TA can be performed only if gNB indicates UE-MeasuredTA-ID for the serving cell and candidate cells, and UE-based TA can be performed only within a group of cells that has the same UE-MeasuredTA-ID. RAN2 has also made the following agreements in RAN2 #124.
	RAN2 #124 Agreements
· The UE performs TA measurements for candidate cell(s) after configured by RRC
· R2 assumes that the exact time the UE performs TA measurement is up to UE impl (no need to specify in R2 TS)
· Procedure assumptions: At LTM cell switch: UE uses TA from the network if it is provided (target TA or TA=0 or TA=same as src). If not provided and the UE is configured for UE based TA, then UE based TA is used. If the UE does not have/cannot derive the TA for target, the cell switch uses RACH. (FFS if more details need to be considered). 
· Regardless if the UE is configured for UE based TA, the UE follows PDCCH-order, including requests to do RACH towards cand cells, for which the UE could derive the TA by itself. 
· Regardless if the UE has performed RACH towards cand cell, the UE will follow configuration for UE based TA, if configured.



Our understanding is that current TS 38.321 has already captured the above highlighted part. Following RAN2 agreements and previous RAN4 discussion, the requirements on UE behaviour for deriving TA also needs to be captured, and TS 38.133 would be the best place for this. For example, the DL reference for the TA derivation needs to be captured, and the RTD between source and target cells needs to be clarified. Referenced by a long discussion in R18 NES WI, it would be better to only consider the case that the RTD between cells that has the same UE-MeasuredTA-ID is no larger than CP.
The text proposal for this is also in our companion CR[3].
Proposal 8  Specify RRM requirements for UE-based TA, and at least in R18 RAN4 only consider the case:
· the RTD between cells with the same UE-MeasuredTA-ID is no larger than CP.

Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  The delay of LTM TCI activation may vary depending on the known/unknown status of the TCI, UE Rx beam assumptions, etc. Therefore, a ‘fixed-length’ time gap would need to count too long delay if it needs to fit for the worst case.
Observation 2  If UE is unable to perform TCI activation to one of the target cell due to the RTD<CP restrictions, UE is also likely unable to perform PDCCH-ordered RACH to this target cell.
Proposal 1   Capture the LTM TCI activation delay requirements in a dedicated section 8.X1 of TS 38.133, rather than in UL timing requirements for PDCCH-ordered RACH or cell switch delay requirements, so that the applicability of requirements can be better captured.
Proposal 2  Capture the agreement for the definition of known TCI in 8.X1.
Proposal 3  PL-RS maintaining delay is not counted in the delay requirements for early TCI activation before cell switch, at least in R18. 
Proposal 4  For both FR1 and FR2, if the PDCCH ordered RACH is triggered for a candidate cell, and the SSB associated to the RACH is NOT associated to one of UE’s known TCI, no uplink timing accuracy requirement is applicable.
Proposal 5  Longer SSB-based L1 measurement delay is expected if, on one of the SSBs, UE needs to perform the SSB-based time frequency tracking for the PRACH triggered by PDCCH order.
Proposal 6  No RRM requirements are applicable if the SSB-based tracking for PDCCH ordered RACH collides with SSB-based tracking in serving cell TCI activation or SSB-based tracking for another simultaneous PDCCH ordered RACH.
Observation 3  For the co-located CA, no matter SCell is DL-only SCell or DL+UL SCell, there is no need to perform PDCCH-ordered RACH, because normally they are in the same TAG.
Observation 4  For the non-collocated CA, if a SCell is a DL+UL SCell and it is in another TAG different from PCell, and it is configured as a candidate cell for LTM cell switch, there is no need to perform PDCCH-ordered RACH because its uplink timing is already tracked by gNB.
Proposal 7  For the non-collocated multi-carrier case, if one SCell only has DL carrier, and is configured as a candidate cell for LTM cell switch, early RACH can be triggered before cell switch command. In this case, UE may also use the SSB in the SCell as the DL timing reference for PDCCH-ordered RACH to target cell.
Proposal 8  Specify RRM requirements for UE-based TA, and at least in R18 RAN4 only consider the case:
· the RTD between cells with the same UE-MeasuredTA-ID is no larger than CP.
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