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Introduction
In RAN4 #110, the WF and the big CR [1], [2] are approved. Besides, the following is captured in meeting report.
Agreement: The UE feature list in section 7 is the starting point for further discussion, additional change is not precluded.
As discussed in RANP #103, RAN2 will not capture RAN4 feature list for R18 mobility, until RAN4 makes further updates in this April meeting. 
Based on all above information, we provide our views on maintenance issues for R18 LTM.
Discussion on L1 measurement requirements for LTM
<On timeRestrictionForChannelMeasurements for LTM L1 measurements>
Based on latest outcome of RAN1/RAN2 discussion, the LTM L1 measurement configuration is pure separate CSI measurement configuration. For the LTM CSI reporting, based on TS 38.331, it is impossible to configure legacy L1 reporting and LTM L1 reporting in the same CSI-ReportConfig, as the CSI reporting for LTM is configured in a separate IE. RAN1 has also specified the priority rule in TS 38.214:
	TS 38.214 v18.2.0 (Agreed by RAN1 in 02/2024) 
A CSI report configured with LTM-CSI-ReportConfig has a higher priority over all CSI report(s) configured with CSI-ReportConfig irrespective of  value in case of collision with CSI report(s) configured with CSI-ReportConfig.



Therefore, normally, to ensure CSI measurement and reporting performance of both legacy L1-RSRP/L1-SINR/CQI/PMI/RI/CRI reporting, and LTM L1 reporting, it is nature that gNB configures LTM CSI report and legacy CSI report in different slots, i.e. try to avoid collision by configuration.
Observation 1  LTM L1 measurement and reporting is separate from legacy L1 measurement and reporting. This is different from R17 ICBM.
Observation 2  RAN1 has agreed that LTM CSI reports have higher priority than all legacy CSI Reports configured under CSI-ReportConfig in case of collision. Hence, it is nature that gNBs will prevent collisions in CSI-reporting occasions as far as possible so as to ensure performance of legacy CSI reporting.
The side conditions for LTM L1 measurement performance requirements would be the same as legacy L1 measurements, since one of the benefits of replacing L3 measurement by L1 measurements in R18 would be ‘using less samples under better SNR conditions.’ With this in mind, we would like to preclude the M=3 or M=4 case in R18 LTM. 
Proposal 1  No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. M=1 for intra-frequency, M=2 for inter-frequency in L1-RSRP measurement delay requirements.

<On relations between serving cell and neighbour cell L1 measurements>
As shown in observation 1 and 2, LTM L1 measurement and reporting is separate and has higher priority than legacy L1 measurement and reporting. With M = 1 for intra-f. L1 measurement, the typical configuration for L1 measurements is shown in Fig. 1.


Figure 1 L1 measurements of serving cell and LTM L1 measurements are performed on different OFDM symbols.
However, delay requirements for LTM L1 measurement of serving cell is captured in clause 9.5.4.1. In our view it is not the right place, since clause 9.5.4.1 is only supposed for L1-RSRP measurement and reporting configured in CSI-MeasConfig and CSI-ReportConfig.
Proposal 2  Capture all LTM L1 measurement requirements, including serving cell L1 measurement requirements in 9.14.
The proposed change is provided in our CR [3].
On the other hand, since RAN4 #106, only the scenario that serving cell SSBs and neighbour cell SSBs are measured at the same time is considered. The agreements in RAN4 #106 is cited as follows.
	[bookmark: _Hlk128499667][bookmark: _Hlk118843704]Issue 3-2-2: Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement
Online agreement
<Agreement>: 
· For SSB based intra-frequency L1 measurement, support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS with additional UE capability.
· Note: the need for UE capability can be further discussed subject to the outcome of the discussion on measurement framework



The agreements only focus on the RTD between serving cell and neighbour cell. However, according to latest RAN1/2 configuration for LTM L1 measurements, serving cell SSB is not necessarily configured in the LTM measurement resources. Actually, only LTM candidate cell IDs are configured for LTM L1 measurement, and whether serving cell is measured at the same time is up to UE implementation according to RAN1/2 specs, which is cited below. 
	TS38.331 v18.1.0
[bookmark: _Toc131064947]–	LTM-CSI-ResourceConfig
The IE LTM-CSI-ResourceConfig defines a group of one or more CSI resources for one or more LTM candidate configurations.
LTM-CSI-ResourceConfig information element
-- ASN1START
-- TAG-LTM-CSI-RESOURCECONFIG-START

LTM-CSI-ResourceConfig-r18 ::=      SEQUENCE {
    ltm-CSI-ResourceConfigId-r18              LTM-CSI-ResourceConfigId-r18,
    ltm-CSI-SSB-ResourceSet-r18               LTM-CSI-SSB-ResourceSet-r18,
    ...
}

LTM-CSI-SSB-ResourceSet-r18 ::=     SEQUENCE {
    ltm-CSI-SSB-ResourceList-r18              SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF SSB-Index,
    ltm-CandidateIdList-r18                   SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF LTM-CandidateId-r18,
    ...
}

	LTM-CSI-SSB-ResourceSet field descriptions

	ltm-CandidateIdList
This field Indicates the LTM candidate cell IDs related to the SSBs in the ltm-CSI-SSB-ResourceList. The list has the same number of entries as ltm-CSI-SSB-ResourceList.

	ltm-CSI-SSB-ResourceList
This field is used to indicate on SS/PBCH block resources from one or more LTM candidate cells.

	ltm-CSI-SSB-ResourceSetId
This field is used to idenfity on SS/PBCH block resource set.



–	LTM-Candidate
The IE LTM-Candidate concerns a LTM candidate configuration to add or modify.
LTM-Candidate information element
-- ASN1START
-- TAG-LTM-CANDIDATE-START

LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    ltm-CandidatePCI-r18                           PhysCellId,
    ltm-SSB-Config-r18                             LTM-SSB-Config-r18                                    OPTIONAL,    -- Need M





Hence, we think it is necessary to clarify the definition of RTD under current LTM configuration details. In our view, here the RTD should be the Rx timing difference between cells to be measured at the occasion of LTM measurements.
Observation 3 According to current TS 38.331, LTM candidate config is a configuration which may or may not include current SpCell as one of the candidate cell. Hence, for LTM L1 measurement, it is not always necessary to perform L1 measurements on serving cell SSBs.
Proposal 3  Clarify the RTD for LTM L1 measurement as the Rx timing difference between cells configured by LTM-CSI-ResourceConfig-r18 on which UE is required to perform L1 measurements also for the intra-frequency L1 measurements.
The proposed change is provided in our CR [3].

<On L1 report for unmeasured candidate cells >
Based on TS 38.214 and TS 38.331, the number of cells reported in L1 reporting are configured by gNB. Hence, although it might not be a RAN4 RRM issue to discuss the reported value, it is possbile that gNB has configured LTM L1 resource in LTM-CSI-ResourceConfig-r18 but UE may not identify any SSB configured in the CandidateID+SSB_ID list in LTM-CSI-ResourceConfig-r18 based on the side condition for detectable cell/SSB in RRM specs.
Observation 4  Based on the SSB detectable condition defined in TS 38.133, it is possible for LTM L1 measurement that, the number of SSBs identified by UE in the configured list of candidate SSBs in LTM-CSI-ResourceConfig-r18, is less than the number of SSBs configured to report, i.e. nrOfReportedCells-r18 * nrOfReportedRS-PerCell-r18.
Therefore, we think it is necessary to define a rule for the L1 reporting of unmeasured cell/SSB in R18, since the physical size of L1 reporting is fixed, which is different from L3 reporting. This was discussed in last meeting and the following issue is left.
	[bookmark: _Hlk150988058]Issue 2-4-1: L1 report for unmeasured candidate cells
<Way Forward> Further discuss the following options
· [bookmark: _Hlk150988084]Option 1 (MTK): 
· In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to any of the invalid codepoints in Table 10.1.6.1-1.
· Option 2 (vivo): 
· In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.
· Option 3 ([Apple], Nokia): 
· RAN4 needs to discuss more in which scenario this case is needed.



We support option 2 as it is the simplest approach in R18, but it is also OK to consider option 1. Any revisions to RAN1 rules for the L1 reporting would be too late in R18. Moreover, we think the proposal would also impact the known condition of a candidate cell and/or a candidate SSB/TCI. In case the reported resource ID defined in TS 38.212 is associated to the invalid codepoint, the cell/SSB/TCI it reflects cannot be regarded as known based on this reporting.
Proposal 4  In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0. 
· In this case, the SSB or the cell it reflects remains unknown to the UE.
The impact of above proposal is reflected in our CR [5].
Discussion on requirements for early sync procedures in LTM
<On uplink timing requirements for PDCCH-ordered RACH>
Generally, the LTM supports two kinds of early sync. On is DL early sync, i.e. TCI activation before cell switch. The corresponding UE features are 45-3a and 45-4a. The other one is UL early sync, i.e. PDCCH-ordered RACH. The corresponding UE feature is 45-5. Although the pre-requisite of UL early sync feature is still FFS in RAN1, our understanding is that it is technically unnecessary to set 45-3a or 45-4a as pre-requisite of 45-5. Therefore, RRM requirements for PDCCH ordered RACH shall be specified with the assumption that TCI activation before cell switch is not supported by UE.
Observation 5  For UE supporting 45-5, i.e. PDCCH-ordered RACH to candidate cell before cell switch, it is technically unnecessary for UE to also support 45-3a or 45-4a, i.e. early TCI activation before cell switch.
Based on observation 5, although the following are agreed in RAN4 #108 and RAN4 #109, for UE not supporting early TCI activation, one TSSB delay shall be always assumed.
	Agreement in RAN4 #108:
If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet UL transmission timing requirements, that is, TSSB = 0.
Agreements in 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.



Therefore, it is important for RAN4 to agree on a fixed TSSB for a given RRC configuration, so that gNB can predict which PRACH occasion UE will use for the PDCCH ordered RACH. In last meeting, the following are proposed.
	Issue 1-1-1-2: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
<Way Forward> FFS
· In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
· Further discuss the wording in the corresponding CR
Issue 1-1-1-3: Applicable rule of PDCCH ordered RACH requirements
<Way Forward>: Further discuss the following options:
· Option 1 (Ericsson): PDCCH order-based RACH trigger is based on L1-RSRP report or L3-RSRP report
· Option 2 (vivo): 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.




We are generally fine with the motivation. However, in our understanding, normally ‘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 SSB is known or not. Technically, if not, UE needs to perform Rx beam sweeping, and the delay for L1-RSRP measurement may vary 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 or L3 reporting before it triggers PDCCH-ordered RACH.
Additionally, the time to the first SSB transmission would be a variant that depends on when the PDCCH-ordered RACH is decoded. In the timeline of TS 38.213, a variant delay is not good for gNB to predict which RACH occasion is used by UE. Therefore, we suggest to relax the Tfirst_SSB a little.
Moreover, the time for SSB processing shall be also considered in this case. 
Proposal 5  For the time to wait for the 1st SSB transmission, Tfirst-SSB should be 
· the SSB periodicity of the candidate cell when SSB is within active BWP, or 
· the MGL when SSB is outside active BWP.
Proposal 6  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 known, i.e. NOT based on L1-RSRP report or L3-RSRP report within 5s, no uplink timing accuracy requirement is applicable.
Proposal 7  TSSB-proc = 2 ms should be counted in TSSB
In our understanding, gNB can know whether the SSB is within UE’s active BWP or not.
So far in TS 38.213, the TSSB is still referring to 38.133. In our understanding, it would be better to capture the TSSB and ∆RF/BB_preparation in TS 38.133, since they are discussed and agreed in RAN4. Moreover, if UE supports 45-3a or 45-4a, how to determine a TCI is activated at the time PDCCH-ordered RACH is transmitted is also discussed and agreed in RAN4. Therefore, we would prefer to capture TSSB and ∆RF/BB_preparation in the Te requirements for PDCCH-ordered RACH in TS 38.133.
Proposal 8 Capture TSSB and ∆RF/BB_preparation in the Te requirements for PDCCH-ordered RACH in TS 38.133.
The CR reflecting above 4 proposals is in [4].
<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 applicable RTD between source and target cells needs to be clarified. From UE RRM requirements perspective, if UE is able to derive the Rx timing difference, and compensate the difference during cell switch, then RRM requirements shall be set assuming small TAE between gNBs. It has already agreed in RAN2 that proper signalling shall be configured when enabling this feature, which indicates the confidence of gNB in controlling TAEs.
The text proposal for this is also in our companion CR[4].
Proposal 9  Specify RRM requirements for UE-based TA, so that the whole feature is completed.
<On ‘time gap’ for TCI activation>
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.



Firstly, for UE supporting 45-3a or 45-4a, besides cell switch delay and applicability of PDCCH-ordered RACH Te requirements, TCI activation delay will also impact the L1 measurement delay requirements. The following is agreed in RAN4 #108bis.
	< Agreement>:
· When # of neighboring cells configured/activated to be measured is equal to or larger than 2
· When TCI state of neighbor cell is activated, UE performs L1-RSRP measurement on the neighbor cell whose TCI state is activated and the serving cell. UE may measure any other cell(s) based on UE implementation
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· For the other neighbor cells: no measurement delay requirements
The above principle and requirements apply when the NW activate TCI state(s) from only one neighbor cell.
FFS: the requirements when TCI states are activated on neighbor cells in multiple bands.
· When TCI state of all the neighbor cells are not activated, UE performs L1-RSRP measurement on the serving cell and neighbor cell(s). 
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cells is R15/R16 SSB based L1-RSRP measurement period scaled by 3*(# of neighbor cells)
· When # of neighboring cells configured/activated to be measured is 1, reuse R17 ICBM measurement delay requirements.



Therefore, it is necessary to consider the case that TCI is activated before L1 measurement is performed on the associated RS, since in this case gNB can indicate down-selection on the RSs that L1 measurement shall be performed with higher priority. 
Observation 6  In order to achieve gNB-controlled activation on the RSs that L1 measurement shall be performed, based on agreements in RAN4 #108bis, it is necessary to consider unknown TCI activation case before cell switch in R18.
However, technically, for the scenario of down-selection in L1-RSRP measurements, it is not necessary to wait for the completion of TCI activation before cell switch. Hence, it would be better to clarify that the agreements in RAN4 #108 bis only meant for whether the TCI activation command is decoded.
Proposal 10  Clarify that the agreements in RAN4 #108bis as the following.
· When activation/de-activation command of TCI states of neighbor cell is received (i.e. decoded by UE), UE performs L1-RSRP measurement on the neighbor cell whose TCI state is indicated to be activated and the serving cell. UE may measure any other cell(s) based on UE implementation
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· For the other neighbor cells: no measurement delay requirements
The above principle and requirements apply when the NW activate TCI state(s) from only one neighbor cell.
FFS: the requirements when TCI states are activated on neighbor cells in multiple bands.
· If no TCI state of neighbor cell is indicated to be activated, UE performs L1-RSRP measurement on the serving cell and neighbor cell(s). 
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cells is R15/R16 SSB based L1-RSRP measurement period scaled by 3*(# of neighbor cells)
With above clarification, no additional time gap on top of MAC CE decoding time is needed for the case of down-selection of L1-RSRP measurements. The corresponding CR is in [3].
With above clarification, there is no need to consider unknown TCI activation in R18. For the time gap mentioned, the uplink transmission after cell switch shall follow the indicated TCI during cell switch. In this case, UL TCI shall be considered. The time gap between TCI activation and cell switch command should be the maximum between ‘TOk*(Tfirst-SSB + TSSB-proc)’ and ‘NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)’, if both UL TCI and DL TCI are known.
[bookmark: _Hlk163247082][bookmark: _Hlk163136163][bookmark: _Hlk163247802]Proposal 11  The time gap for TCI activation before cell switch shall also consider UL part of TCI activation, i.e. the time gap equals to THARQ + + max(TOk*(Tfirst-SSB + TSSB-proc), NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms))/ NR slot length
Moreover, since PDCCH-ordered RACH can be supported with and without 45-3a/45-4a, the PL-RS indicated in the TCI of candidate cell is only for transmission after cell switch. It cannot be used for PDCCH-ordered RACH.
Proposal 12  For UE supporting 45-3a/45-4a, UL TCI activated before cell switch is not used for PDCCH-ordered RACH. The time gap for TCI activation before PDCCH-ordered RACH only counts DL part of TCI activation.
Based on P11, if inter-frequency TCI activation before cell switch is also considered, the gap for L1 measurements shall also cover PL-RS. However, for FR2, in R17 MIMO discussion, if PL-RS is configured as SSB, no RRM requirements are applicable. On the other hand, it would be very difficult for gNB to configure all TRSs in gaps. Even if they are possible, gap-based early tracking is quite time consuming, which violates the intention of introducing early DL/UL TCI activation, i.e. to speed-up the whole procedure. Therefore, we prefer to deprioritize the support of inter-frequency with gap scenario of 45-3a/45-4a to future release.
Proposal 13  Considering no legacy RRM requirements are applicable if PL-RS is configured as SSB in FR2, RAN4 not to define RRM requirements in R18 for the case TCI activation before cell switch is indicated on an candidate cell with SSBs and PL-RSs outside active BWP, at least for FR2.
For R18 LTM, RAN2 has agreed that the activation/deactivation of TCI states can be indicated in one MAC CE per candidate cell. For RRM requirements, we think this scenario that TCI states from two cells that activated at the same time can be deprioritized in this release. In this case, Rx beam sweeping is not needed during TCI activation.
Proposal 14  No RRM requirement is applicable for a R18 UE if TCI activation of two candidate cells happens at the same time in FR2, e.g. received in one MAC PDU with two MAC CEs.
The CR reflecting above 4 proposals is in [4] [5].
Discussion on cell switch delay requirements in LTM
<On PL-RS maintaining during LTM cell switch>
In existing LTM cell switch delay requirements, Tfirst-RS + TRS-proc are only for DL sync. This is re-used from legacy HO, where unified TCI is indicated/activated only after HO is completed. For LTM, UL TCI is configured before cell switch and could be performed before cell switch if UE supports. Therefore, the corresponding UL TCI activation is also during cell switch. It is proposed to also count this part in the cell switch delay. However, considering the PL-RS maintaining is performed during cell switch, less samples shall be counted.
Proposal 15  The UL TCI activation delay is added into cell switch delay as follows.
[bookmark: _Hlk163137240]TLTM-interrupt  = TLTM-RRC-processing + TLTM-processing + max(Tfirst-RS + TRS-proc, Tfirst_target-PL-RS + [2]*Ttarget_PL-RS + 2ms) + TLTM-IU
<On shorter LTM-RRC-processing time and LTM-processing time>
In last meeting, the following is discussed.
	Issue 4-5-1: Early ASN.1 decoding and validity/compliance check
< Agreement> 
· Introduce new UE capability regarding number of cells, [FFS: including both SpCell and SCell], on which UE supports early ASN.1 decoding and validity/compliance check
· Note: to update previous one bit UE capability of Early ASN.1 decoding and validity/compliance check.
· Capability type: FFS
· TLTM_RRC-processing in TS38.133 is zero, when the following conditions are met:
· # configured candidate cells across all frequency layers <= # of cells UE supports early ASN.1 decoding and validity/compliance check or
· # of candidate cells with activated TCI state(s) <= # of cells UE supports early ASN.1 decoding and validity/compliance check and UE has received TCI activation command on target cell more than X ago.
· Option 1: X = THARQ+13ms
· Option 2: X = max{‘TCI activation delay’,  THARQ+13ms}
· FFS: Zero TLTM_RRC-processing applies provided SCell is not part of the cell switch.
· PDCCH-order RACH can also trigger early ASN.1 decoding and validity/compliance check on the candidate cell. FFS on the details.
Issue 4-5-2: Faster processing time
< Agreement> 
· Introduce a capability for shorter TLTM-processing. 
· The candidate values are {10ms, 15ms} for intra-FR cell switch and {20ms, 30ms} for inter-FR cell switch without any condition.
· FFS on the processing time for the scenario of the target Pcell is the current SCell.
· Not introduce a separate UE capability on “TLTM-RRC-processing + TLTM-processing.”



Regarding the remaining FFS parts, firstly we think direct SCell activation at LTM cell switch, which includes the scenario for switching between SpCell and SCell, is one of important scenarios for LTM. Although it would be difficult to specify RRM requirements in R18, we think forward compatibility should be considered when defining other requirements. Hence, zero TLTM_RRC-processing should be applicable also to the case that SCell is part of the cell switch.
However, in R18, the TCI activation before cell switch only supports SpCell TCIs. SCell TCI cannot be activated before cell switch even if UE supports 45-3a/45-4a. Given it is already maintenance phase, we prefer to remove the highlighted parts, i.e. the bullets with FFS. In R18, TLTM_RRC-processing in TS38.133 is zero only if number of configured candidate cells across all frequency layers is no more than number of cells UE supports early ASN.1 decoding and validity/compliance check. The LTM feature can work with only this bullet.
Proposal 16  In R18, TLTM_RRC-processing in TS38.133 is zero only if number of configured candidate cells across all frequency layers (i.e. including both candidate SpCells and SCell) is no more than number of cells UE supports early ASN.1 decoding and validity/compliance check.
We can consider further optimization to this in future.
For the last FFS bullet, we can agree that all UE would able to support a shorter processing time if target SpCell is a current SCell. Our understanding is that 10 ms for intra-FR and 20ms for inter-FR is enough if target SpCell is current SCell.
Proposal 17  In R18, if target SpCell is current SCell, TLTM-processing is 10 ms for intra-FR and 20ms for inter-FR.
The CR reflecting above 3 proposals is in [5].
Discussion on RAN4 UE feature list for R18 LTM
<On the FG structure for R18 RAN4 features>
In [2], the baseline for R18 mobility UE features has totally 14 features. For 39-3-1/2/3/[4]/5/6, they are actually capabilities but not UE feature groups. For example, the UE capability for current 39-3-5 i.e. ‘Number of SSB resources for L1-RSRP measurement per frequency layer’ is actually a UE capability for intra-frequency L1 measurement and inter-frequency without gap. For the consequence part, ‘There is no limitation on the number of SSB resources per frequency layer for L1 measurement’ means that UE supporting this feature would have worse performance compared to the UE not supporting this feature, which violates the general principle for defining UE feature group.
Observation 7  The UE features 39-3-1/2/3/[4]/5/6 in RAN4 feature list are actually UE capabilities but not UE feature group. 
Observation 8  No legacy UE feature indicates a worse performance if UE supports it. However, the LTM RAN4 UE features 39-3-2/3/[4]/5/6 and 39-4 indicate a worse performance if UE support them.
Therefore, we have the following proposals on R18 RAN4 UE feature structure.
Proposal 18  Remove 39-3-1/2/3/[4]/5/6 in RAN4 UE feature list. Capture the capabilities that corresponds to 39-3-1/2/5 under 39-2a, i.e. the feature group for inter-frequency with gap. Send LS to RAN1/2 asking them to capture the capabilities that corresponds to 39-3-1/2/3/5/6 under 45-1. 
Proposal 19  For 39-3-2/3/[4]/5/6, the minimum number is set as the default value if UE does not report support this capability. 
Proposal 20  For 39-4, change the description that interruption on DL is always assumed if UE does not report this capability, and if UE report the capability, there is no interruption.

<On the granularities for RAN4 UE features>
RAN1 has defined intra-frequency LTM L1 measurements as per-BC capability. However, for the L1 measurement features, generally they are mobility features and should be per-UE. RAN1 discussion is more focused on the intra-frequency case in our view, and therefore they conclude per-BC as granularity. However, actually it is award if both 45-1 and 45-1a in RAN1 feature list are per-BC capability, but 39-2a is per-UE. We see no issue, from RAN4 perspective, that 45-1 and 45-1a are revised to per-UE. This may also align to RAN2 design for R18 mobility UE feature groups.
Proposal 21  Send LS to RAN1 informing them that for inter-frequency L1 measurement with gap, RAN4 concludes per-UE feature that dependent on RAN1’s 45-1a and 45-1. RAN1 may further check whether to align the granularities of these two features with RAN4 or leaving the mis-aligned UE features as it is.
Based on above, in our view, inter-frequency without gaps should be also per-UE capabilities. For the case of supporting RTD>CP, actually more FFT windows are needed, and it depends on how many FFT windows being used already in the source cell BC. Therefore, we prefer per-BC capability.
Proposal 22  L1 measurement for RTD> CP, i.e. 39-1, is a per-BC capability
Proposal 23  SSB based inter-f. without gaps, i.e. 39-2, is a per-UE capability.
For 39-3-1/2/3/[4]/5/6, in case UE supports 39-1, UE may supports a different group of UE capabilities compared to those under 45-1 or 39-2a. therefore, 39-3-1/2/3/[4]/5/6 should be also added under 39-1.
Proposal 24  The capabilities correspond to 39-3-1/2/3/5/6 are also added under 39-1, for the BC where UE supports 39-1. If UE does not report any values under 39-1, it means the value indicated under 45-1 or 39-2a is feasible also for this BC.
For 39-6, generally we think early processing could be supported in FR2 but is not generally necessary in FR1. Therefore, we think the granularity of this feature is per-UE with FR1/FR2 differentiation.
We have provided a draft reply LS to RAN1 in Appendix I. Moreover, the updated UE feature list is in Appendix II. 
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  LTM L1 measurement and reporting is separate from legacy L1 measurement and reporting. This is different from R17 ICBM.
Observation 2  RAN1 has agreed that LTM CSI reports have higher priority than all legacy CSI Reports configured under CSI-ReportConfig in case of collision. Hence, it is nature that gNBs will prevent collisions in CSI-reporting occasions as far as possible so as to ensure performance of legacy CSI reporting.
Proposal 1  No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. M=1 for intra-frequency, M=2 for inter-frequency in L1-RSRP measurement delay requirements.
Proposal 2  Capture all LTM L1 measurement requirements, including serving cell L1 measurement requirements in 9.14.
Observation 3 According to current TS 38.331, LTM candidate config is a configuration which may or may not include current SpCell as one of the candidate cell. Hence, for LTM L1 measurement, it is not always necessary to perform L1 measurements on serving cell SSBs.
Proposal 3  Clarify the RTD for LTM L1 measurement as the Rx timing difference between cells configured by LTM-CSI-ResourceConfig-r18 on which UE is required to perform L1 measurements also for the intra-frequency L1 measurements.
Observation 4  Based on the SSB detectable condition defined in TS 38.133, it is possible for LTM L1 measurement that, the number of SSBs identified by UE in the configured list of candidate SSBs in LTM-CSI-ResourceConfig-r18, is less than the number of SSBs configured to report, i.e. nrOfReportedCells-r18 * nrOfReportedRS-PerCell-r18.
Proposal 4  In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0. 
· In this case, the SSB or the cell it reflects remains unknown to the UE.
Proposal 5  For the time to wait for the 1st SSB transmission, Tfirst-SSB should be 
· the SSB periodicity of the candidate cell when SSB is within active BWP, or 
· the MGL when SSB is outside active BWP.
Proposal 6  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 known, i.e. NOT based on L1-RSRP report or L3-RSRP report within 5s, no uplink timing accuracy requirement is applicable.
Proposal 7  TSSB-proc = 2 ms should be counted in TSSB
Observation 5  For UE supporting 45-5, i.e. PDCCH-ordered RACH to candidate cell before cell switch, it is technically unnecessary for UE to also support 45-3a or 45-4a, i.e. early TCI activation before cell switch.
Proposal 8 Capture TSSB and ∆RF/BB_preparation in the Te requirements for PDCCH-ordered RACH in TS 38.133.
Proposal 9  Specify RRM requirements for UE-based TA, so that the whole feature is completed.
Observation 6  In order to achieve gNB-controlled activation on the RSs that L1 measurement shall be performed, based on agreements in RAN4 #108bis, it is necessary to consider unknown TCI activation case before cell switch in R18.
Proposal 10  Clarify that the agreements in RAN4 #108bis as the following.
· When activation/de-activation command of TCI states of neighbor cell is received (i.e. decoded by UE), UE performs L1-RSRP measurement on the neighbor cell whose TCI state is indicated to be activated and the serving cell. UE may measure any other cell(s) based on UE implementation
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· For the other neighbor cells: no measurement delay requirements
The above principle and requirements apply when the NW activate TCI state(s) from only one neighbor cell.
FFS: the requirements when TCI states are activated on neighbor cells in multiple bands.
· If no TCI state of neighbor cell is indicated to be activated, UE performs L1-RSRP measurement on the serving cell and neighbor cell(s). 
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cells is R15/R16 SSB based L1-RSRP measurement period scaled by 3*(# of neighbor cells)
Proposal 11  The time gap for TCI activation before cell switch shall also consider UL part of TCI activation, i.e. the time gap equals to THARQ + + max(TOk*(Tfirst-SSB + TSSB-proc), NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms))/ NR slot length
Proposal 12  For UE supporting 45-3a/45-4a, UL TCI activated before cell switch is not used for PDCCH-ordered RACH. The time gap for TCI activation before PDCCH-ordered RACH only counts DL part of TCI activation.
Proposal 13  Considering no legacy RRM requirements are applicable if PL-RS is configured as SSB in FR2, RAN4 not to define RRM requirements in R18 for the case TCI activation before cell switch is indicated on an candidate cell with SSBs and PL-RSs outside active BWP, at least for FR2.
Proposal 14  No RRM requirement is applicable for a R18 UE if TCI activation of two candidate cells happens at the same time in FR2, e.g. received in one MAC PDU with two MAC CEs.
Proposal 15  The UL TCI activation delay is added into cell switch delay as follows.
TLTM-interrupt  = TLTM-RRC-processing + TLTM-processing + max(Tfirst-RS + TRS-proc, Tfirst_target-PL-RS + [2]*Ttarget_PL-RS + 2ms) + TLTM-IU
Proposal 16  In R18, TLTM_RRC-processing in TS38.133 is zero only if number of configured candidate cells across all frequency layers (i.e. including both candidate SpCells and SCell) is no more than number of cells UE supports early ASN.1 decoding and validity/compliance check.
Proposal 17  In R18, if target SpCell is current SCell, TLTM-processing is 10 ms for intra-FR and 20ms for inter-FR.
Observation 7  The UE features 39-3-1/2/3/[4]/5/6 in RAN4 feature list are actually UE capabilities but not UE feature group. 
Observation 8  No legacy UE feature indicates a worse performance if UE supports it. However, the LTM RAN4 UE features 39-3-2/3/[4]/5/6 and 39-4 indicate a worse performance if UE support them.
Proposal 18  Remove 39-3-1/2/3/[4]/5/6 in RAN4 UE feature list. Capture the capabilities that corresponds to 39-3-1/2/5 under 39-2a, i.e. the feature group for inter-frequency with gap. Send LS to RAN1/2 asking them to capture the capabilities that corresponds to 39-3-1/2/3/5/6 under 45-1. 
Proposal 19  For 39-3-2/3/[4]/5/6, the minimum number is set as the default value if UE does not report support this capability. 
Proposal 20  For 39-4, change the description that interruption on DL is always assumed if UE does not report this capability, and if UE report the capability, there is no interruption.
Proposal 21  Send LS to RAN1 informing them that for inter-frequency L1 measurement with gap, RAN4 concludes per-UE feature that dependent on RAN1’s 45-1a and 45-1. RAN1 may further check whether to align the granularities of these two features with RAN4 or leaving the mis-aligned UE features as it is.
Proposal 22  L1 measurement for RTD> CP, i.e. 39-1, is a per-BC capability
Proposal 23  SSB based inter-f. without gaps, i.e. 39-2, is a per-UE capability.
Proposal 24  The capabilities correspond to 39-3-1/2/3/5/6 are also added under 39-1, for the BC where UE supports 39-1. If UE does not report any values under 39-1, it means the value indicated under 45-1 or 39-2a is feasible also for this BC.
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Appendix I Reply LS on R18 LTM UE features
Title:	[DRAFT] Reply LS on R18 LTM UE features
Response to:	R1-2312574
Release:	Rel-18
Work Item:	NR_Mob_enh2-Core

Source:	RAN WG4
To:	RAN WG1
Cc:	RAN WG2
Contact Person:	
Name:		
E-mail Address:	 
Attachments:	

1. Overall Description:
RAN4 would like to thank for the questions from RAN1 as follows.
	ACTION: For RAN1 FG 45-1 under the NR_Mob_enh2 WID, RAN1 respectfully asks RAN4 to discuss the following UE capabilities
· Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time
· For RTD <= CP
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells
· The max number of SSB resources configured for L1-RSRP across all the candidate cells
· RTD > CP
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells
· The max number of SSB resources configured for L1-RSRP across all the candidate cells

ACTION: For RAN1 FG 45-1a under the NR_Mob_enh2 WID, RAN1 respectfully asks RAN4 to discuss the following UE capabilities
· Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time
· With gap
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for intra- and inter-frequency L1-RSRP measurement
· The max number of SSB resources configured across all the candidate cells for intra- and inter-frequency L1-RSRP measurement
· Without gap
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for intra- and inter-frequency L1-RSRP measurement
· The max number of SSB resources configured across all the candidate cells for intra- and inter-frequency L1-RSRP measurement



In RAN4 #110 and #110bis meetings, RAN4 have discussed the UE features for R18 LTM. Based on discussion RAN4 would like to provide the following feedbacks to RAN1.

[Note: Highlighted parts will be updated based on agreements in RAN4 110bis]
RAN4 has agreed to introduce a UE feature for supporting LTM L1 measurements with RTD > CP on any SSB frequency layers. This feature applies to both intra-frequency L1 measurements and inter-frequency layer and is a per-BC capability.
For LTM intra-frequency L1 measurements, RAN4 has agreed the following component capabilities:
· Number of frequency layers for L1-RSRP measurement, candidate values {1,2,3,4,5,6,7,8}. If absent, the default value is 1.
· Number of neighbour cells to be measured per frequency layer, candidate values {1,2,3,4,5,6,7,8}. If absent, the default value is 1.
· Number of total cells to be measured across all frequency layers, candidate values {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}. If absent, the default value is 1.
· Number of SSB resources for L1-RSRP measurement per frequency layer, candidate values {1,2,3,4,5,6,7,8}. If absent, the default value is 1
· Number of total SSB resources to be measured across all frequency layers, candidate values {2,4,8,12,16,32,64}. If absent, the default value is 2.
RAN4 respectfully ask RAN1 to capture above UE capabilities under 45-1 in RAN1 feature list. Moreover, some RAN4 UE features which have granularities of ‘per-UE’ are supposed to take 45-1 as pre-requisite. RAN4 respectfully ask RAN1 whether to align the granularities of 45-1 with RAN4 UE features, or to leave the mis-aligned UE features as they are.
For LTM inter-frequency L1 measurements, RAN4 has agreed the following two feature groups. UE supporting 45-1a is supposed to support at least one of these two feature groups.
· SSB based inter-frequency L1-RSRP measurements without measurement gaps, where SSBs of candidate cells are within active BWPs of UE (39-2).
· SSB based inter-frequency L1-RSRP measurements with measurement gaps (39-2a)
Both features are per-UE and take 45-1 and 45-1a as pre-requisites. RAN4 respectfully ask RAN1 whether to align the granularities of 45-1 with RAN4 UE features, or to leave the mis-aligned UE features as they are. The components for 39-2 are re-used from 45-1, and components for 39-2a will be captured in RAN4 feature list.


2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to take above conclusions in consideration, update the RAN1 UE feature list if needed, and provide feedback to RAN4 if any.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #111	May 20 – May 24	Fukuoka, Japan
TSG-RAN4 Meeting #112	Aug. 19 – Aug. 23	Maastricht, Netherland
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Appendix II Updated RAN4 UE feature list for R18 LTM
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	39.
NR_Mob_enh2
	39-1
	SSB based L1-RSRP measurements for multiple cells with RTD > CP 
	Capability 1. Support of simultaneous L1-RSRP measurements for more than one cell when the max RTD among the cells on the same frequency layer or in the same active BWP is larger than CP length of the cell on the frequency layer.
2. The max number of frequency layers UE can measure for intra- and inter-frequency without measurement gaps L1-RSRP measurement.
3. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps
4. The max number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
5. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps.
6. The max number of total SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
7. The max number of frequency layers UE can measure for inter-frequency L1-RSRP measurement with measurement gaps
8. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps

9. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	45-1 from RAN1 Rel-18 feature list or 39-2 or 39-2a
	Yes
	No
	NW does not know which requirements UE will followUE does not support simultaneous L1-RSRP measurements for more than one cell when the max RTD among the cells on the same frequency layer or in the same active BWP is larger than CP length of the cell on the frequency layer
	[Per UE/Per BC]

	No
	Yes 
	N/A
	Candidate values Component 2: {1,2,3,4,5,6,7,8}. If absent, the value reported in 45-1 component X is used.
Candidate values Component 3: {1,2,3,4,5,6,7,8}. If absent, the value reported in 45-1 component X is used.
Candidate values Component 4: {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}. If absent, the value reported in 45-1 component X is used.
Candidate values Component 5: {1,2,3,4,5,6,7,8}. If absent, the value reported in 45-1 component X is used.
Candidate values Component 6: {2,4,8,12,16,32,64}. If absent, the value reported in 45-1 component X is used.
Candidate values Component 7: {1,2,3,4,5,6,7,8}. If absent, the value reported in 39-2a component 2 is used.
Candidate values Component 8: {1,2,3,4,5,6,7,8}. If absent, the value reported in 39-2a component 3 is used
Candidate values Component 9: {1,2,3,4,5,6,7,8}. If absent, the value reported in 39-2a component 4 is used



	Optional with capability signaling

	39.
NR_Mob_enh2
	39-2
	SSB based inter-frequency L1-RSRP measurements without measurement gaps
	Capability of SSB based inter-frequency L1-RSRP measurements without measurement gaps (without interruption on serving cell(s)) for LTM


	45-1a from RAN1 Rel-18 feature list and 9-4
	Yes
	No
	UE does not support inter-frequency L1-RSRP measurements without measurement gaps
	[Per UE/Per BC]
	No
	No
	N/A
	UE supporting 45-1a should at least support one of 39-2 and 39-2a.
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-2a
	SSB based inter-frequency L1-RSRP measurements with measurement gaps
	1. Capability of SSB based inter-frequency L1-RSRP measurements with measurement gaps for LTM.
2. The max number of frequency layers UE can measure for inter-frequency L1-RSRP measurement with measurement gaps
3. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
4. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps


	45-1a from RAN1 Rel-18 feature list
	Yes
	No
	UE does not support inter-frequency L1-RSRP measurements with measurement gaps
	Per UE
	No
	No
	N/A
	UE supporting 45-1a should at least support one of 39-2 and 39-2a.
Candidate values Component 2: {1,2,3,4,5,6,7,8}. If absent, the default value is 1.
Candidate values Component 8: {1,2,3,4,5,6,7,8}. If absent, the default value is 1.
Candidate values Component 9: {1,2,3,4,5,6,7,8}. If absent, the default value is 1.

	Optional with capability signaling


	39.
NR_Mob_enh2
	39-3-1
	Number of frequency layers for L1-RSRP measurement

	1. The max number of frequency layers UE can measure for intra- and inter-frequency without measurement gaps L1-RSRP measurement

1. The max number of frequency layers UE can measure for inter-frequency L1-RSRP measurement with measurement gaps 
	1. Component 1: 45-1 from RAN1 Rel-18 feature list and/or 39-2 

2. Component 2: 39-2a
	Yes
	No
	NW does not know the max number of frequency layers UE can measure
	[Per UE/Per BC]
	No
	Yes
	No
	1. Candidate values Component 1: {1,2,3,4,5,6,7,8}
2. Candidate values Component 2: {1,2,3,4,5,6,7,8}
	Mandatory with capability signaling if UE supports 45-1, 39-2 and/or 39-2a

	39.
NR_Mob_enh2
	39-3-2
	Number of neighbour cells to be measured per frequency layer
	1. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

1. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	1. Component 1: 45-1 from RAN1 Rel-18 feature list or 39-2 

2. Component 2: 39-2a

	Yes
	No
	There is no limitation on the number of neighbour cells per frequency layer for L1 measurement.
	[Per UE/Per BC]
	No
	[Yes]
	N/A
	1. Candidate values Component 1: {1,2,3,4,5,6,7,8}

2. Candidate values Component 2: {1,2,3,4,5,6,7,8}

Note: it is RAN4 understanding that RAN1 feature 45-1 and 45-1a is for number of cell that can be configured for L1 measurement. What RAN4 is discussing here is for number of cells on which UE can actually perform L1 measurement.
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-3-3
	Number of total cells to be measured
	The max number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.



	
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement. 
	[Per band/BC]
	No
	No
	N/A
	[candidate values: {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}]
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-3-4]
	Number of SSB resources for L1-RSRP measurement within a slot
	[bookmark: _Hlk158040982]The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the number of cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	[Per band/Per BC]
	No
	Yes
	N/A
	Candidate value: {1,2,3,4,5,6,7,8}
Note:  It is also counted in FG 2-24
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-3-5
	Number of SSB resources for L1-RSRP measurement per frequency layer
	1. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

1. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	1. Component 1: 45-1 from RAN1 Rel-18 feature list or 39-2 

2. Component 2: 39-2a

	Yes
	No
	There is no limitation on the number of SSB resources per frequency layer for L1 measurement.
	[Per UE/Per BC]
	No
	Yes
	No
	Candidate value of Component 1: {1,2,3,4,5,6,7,8}
Candidate value of Component 2: {1,2,3,4,5,6,7,8}

	Optional with capability signaling

	39.
NR_Mob_enh2
	39-3-6
	Number of total SSB resources to be measured
	The max number of total SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the number of total SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	[Per band/BC]
	No
	Yes
	No
	Candidate values:
{2,4,8,12,16,32,64}
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-4
	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whetherSupport of UE may causeno interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission
	45-5
	Yes
	No
	UE does not-may cause interruptions on DL slots on serving cells due to PDCCH-ordered RACH transmission
	Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination
	No
	No
	N/A
	
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-4a
	Interruption due to RF retuning for PDCCH- ordered RACH
	Indicates the interruption length (Y ms) due to RF re-tuning for PDCCH ordered RACH of which the resources are not fully contained in any of UE’s configured UL BWP(s) of active serving cells
	45-5
	Yes
	No
	PDCCH-order RACH for LTM is not supported if the PRACH bandwidth is outside of any configured BWP and network does not know the corresponding length of the interruption
	Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination 
	No
	No
	N/A
	Candidate values for interruption length Y = 0.25, 0.5, 1 and 2
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-5
	RF/BB preparation time for PDCCH-order RACH
	Indicates the RF/BB preparation time for PDCCH ordered RACH of which the resources are not fully contained in any of UE’s configured UL BWP(s) of active serving cells
	45-5
	Yes
	No
	PDCCH-order RACH for LTM is not supported if the PRACH bandwidth is outside of any configured BWP and network does not know the corresponding RF/BB preparation time
	[Per band pair] (between the target band for RACH transmission and band under UE’s current band combo) per band combination 
	No
	No 
	N/A
	Candidate values:
{ [1ms,3ms,5ms,10ms] }
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-6]-
	Early processing of an LTM candidate cell RRC configuration
	Indicates the number of cells, [FFS: including both SpCell and SCell], on which UE supports early processing of an LTM candidate cell RRC configuration before cell switch.
	45-3a or 45-4a in RAN1 feature list
	Yes
	No
	TLTM_RRC-processing delay (refer to TS 38.133) will not be skipped, i.e., 10ms
	[Per UE]
	No
	Yes
	N/A
	Candidate values:
{1,2,…,TBD }
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-7
	Faster UE processing time during cell switch
	Capability of reduced TLTM_processing delay (refer to TS 38.133)].
1. Support of reduced TLTM_processing for cell switch from FR1 to FR1.
1. Support of reduced TLTM_processing for cell switch from FR2 to FR2.
1. Support of reduced TLTM_processing for cell switch from FR1/FR2 to FR2/FR1.


	
	Yes
	No
	TLTM_processing delay will not be reduced, i.e., 20ms for intra-FR cell switch and 40ms for inter-FR cell switch
	Per UE
	No
	No
	N/A
	Candidate values of Component 1 and component 2: {10ms, 15ms}
Candidate values of Component 3: {20ms, 30ms}
	Optional with capability signaling
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