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



[bookmark: _Hlk146021790]In our understanding, PDCCH ordered RACH on target cell will be triggered by L1-RSRP measurement report. So TSSB in the additional time is the time waiting for the first SSB for L1-RSRP measurement. Case by case, when TSSB is needed, the exact definition of TSSB is:
· Target cell of intra-f or inter-f w/o gap if supported: 
· TSSB is the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command
· Target cell of inter-f with Type 1 MG
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command.
Here one slot margin is added for UE to decode PDCCH.
[bookmark: _Hlk146570437]Proposal 1: In PDCCH ordered RACH delay, if TSSB is needed, the value is： 
· [bookmark: _Hlk162525578]the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.

[bookmark: _Hlk146570473]2.1.2 UL Timing of PDCCH-ordered RACH on target cell
RAN4#109 agreed that “in the derivation of UL timing of PDCCH-ordered RACH on target neighboring cell, DL timing of the target neighboring cell which to transmit UL on should be used as a reference unless further agreement in other WG”. An editor’s note was added in the CR to further discuss whether additional handling is needed when the candidate cell is a secondary serving cell. Next, we would like to discuss whether additional handling is needed if the candidate cell is a secondary serving cell. In our understanding, SCell with UL should not be the target cell to transmit RACH for early TA acquisition as its TA is known. Similarly, we also think it is not needed to transmit RACH for early TA acquisition on the scell which is in the same TAG of any UL serving cells. So the candidate SCell discussing here is the one without UL and in different TAG of any UL serving cell. And it is reasonable to use the target cell as DL timing reference.
Observation 1: Any UL serving cell or SCell which is in the same TAG of any UL serving cells should not be the target cell to transmit RACH for early TA acquisition as its TA is known. 
Proposal 2: When the target cell for early TA acquisition is a DL-only secondary serving cell, DL timing of the target cell which to transmit UL on should be used as a reference.

As requested by RAN4, RAN2 has added n-TimingAdvanceOffset in EarlyUL-SyncConfig in TS 38.331. As stated in R2-2401958, this IE is optional. RAN4 needs to confirm the default value if this IE is absent as requested by RAN2. We share the same view as RAN2 LS R2-2401958, if this IE is absent, legacy default value is applicable, i.e., 25600 Tc for FR1 band and 13792 Tc for FR2 band. We can confirm RAN2 understanding in the reply LS to RAN2. In our understanding, the current description in 38.133 is fine (as shown here). We are open to make more clarification if companies think it is necessary.

	38.133
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void





Proposal 3: Confirm RAN2 understanding in the reply LS that when “n-TimingAdvanceOffset-r18” is not configured by NW for PDCCH-ordered RACH on target cell, reuse the default value in 38.133 Table 7.1.2-2.

2.1.3 How to capture PDCCH-order RACH delay requirements
RAN4 had agreed to add two components TSSB and ∆RF/BB_preparation in PDCCH-order RACH delay requirements. The delay requirements are captured in 38.213. 
	38.213
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change, or if a cell indicator field in the PDCCH order indicates a non-serving cell [5, TS 38.212], and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present, and  is defined in [10, TS 38.133] otherwise
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present, and  is defined in [10, TS 38.133] otherwise


However, the detailed definition of these two components is missing both in RAN1 spec and RAN4 spec. Last meeting, we had some discussion on how to capture the requirements but without consensus. We think it is not easy to decide mainly due to that the conditions to have “TSSB” is complex and the whole discussion is not mature enough. Here we would like to list the requirements to capture, hoping that it is helpful to make a conclusion.
· The definition of ∆RF/BB_preparation
· It is very easy to capture either in RAN1 spec or in RAN4 spec (if RAN4 has a clause for PDCCH-order RACH delay requirements) in our view. 
· Conditions to add TSSB, i.e., in FR2 or TCI state of the neighbor cell is not activated in FR1 (as the agreement copies at cl. 2.1.1)
· It is not complex to capture either in RAN1 spec or in RAN4 spec (if RAN4 has a clause for PDCCH-order RACH delay requirements) in our view.
· The value of TSSB if needed
· It is not complex to capture either in RAN1 spec or in RAN4 spec (if RAN4 has a clause for PDCCH-order RACH delay requirements) as long as RAN4 has a final conclusion.
· The exception case that has no UL timing requirements
· There are two cases in our view:
· For FR1, when TCI state associated the PDCCH-order RACH is activated, and L1-RSRP measurement delay is more than 160ms (as the agreement copies at cl. 2.1.1)
· [bookmark: _Hlk162532379]For FR1, when TCI state associated the PDCCH-order RACH is activated, time gap between TCI state activation command and PDCCH-order is too short to complete early T/F tracking. (need more discussion)
· We had an editor note “Editor’s Note: For LTM, the impact to uplink timing accuracy requirements due to the SSB availability for PDCCH ordered RACH before cell switch is FFS” in Section 7.1.2. This part can be captured in 7.1.2 in 38.133.
· This part is related to a very controversial issue to be resolved. 
So the controversial part to us is whether to have a new clause in 38.133 to capture the first three parts or ask RAN1 to capture them. The left issue is “The value of TSSB if needed” which is not so controversial in our understanding. Last meeting, the draft CR R4-2400388 showed an example on how to capture the first three parts in 38.133. Here, we provide a version on capturing them in RAN1 spec just for comparison. We don’t think it will cause much work to ask RAN1 to capture them. From the point of readability, we still prefer to ask RAN1 to capture the complete delay requirements. 
	38.213
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change, or if a cell indicator field in the PDCCH order indicates a non-serving cell [5, TS 38.212], and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present or if a cell indicator field in the PDCCH order indicates a FR1 neighbour cell of which TCI state(s) has been activated, and otherwise  is defined asin [10, TS 38.133] otherwise
- the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
- the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present or PRACH bandwidth is within the active UL BWP, otherwise equals to
- DCI based BWP switching delay specified in clause 8.6 of TS 38.133 if PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell,
- [UE capability of RF/BB preparation time for PDCCH-order RACH] if PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell., and  is defined in [10, TS 38.133] otherwise


Proposal 4: Send RAN1 LS to request them to capture the definition of ∆RF/BB_preparation, the conditions to add TSSB and the value of TSSB if needed in RAN1 spec.
Proposal 5: For PDCCH order RACH on neighbor cell, capture the exception case that has no UL timing requirements in 38.133.
Proposal 6: In FR1, when TCI state associated the PDCCH-order RACH is activated and time gap between TCI state activation command and PDCCH-order is too short to complete early T/F tracking, UE is allowed to transmit PDCCH-ordered RACH with or without one Tssb delay. No UE UL Tx timing accuracy requirement will be defined.
2.2 UE based TA measurement
[bookmark: _Hlk149145638]RAN4#108 had discussed the feasibility of UE based TA measurement. As replied in the LS [2], in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB. Last meeting, companies also listed potential issues to consider if to define the requirements. Due to the applicable scenario is too limited and limited time, we prefer not to define requirements for UE based TA measurement in R18.
[bookmark: _Hlk142679663]Proposal 7: Not to define requirements for UE based TA measurement in R18.
2.3 L1-RSRP measurement
2.3.1 Whether “timeRestrictionForChannelMeasurements” is needed
	Issue 2-4-4: Whether “timeRestrictionForChannelMeasurements” is needed in LTM L1 measurement configuration
< Agreement> Down selection on the two options in RAN4#110bis
· Option 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.
· Option 2
· RAN4 recommend RAN1/2 to introduce RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration.



Last meeting, some company pointed out that the parameter used to determine M (the number of SSB periods) in L1 measurement delay is not included in LTM L1 measurement configurations. Based on the discussion last meeting, it seems all the companies are fine to keep the option “M=1 for intra-frequency, M=2 for inter-frequency in L1-RSRP measurement delay requirements”. The controversial part is whether to keep the IE “timeRestrictionForChannelMeasurements” and also keep the option “M=3 for intra-frequency, M=4 for inter-frequency in L1-RSRP measurement delay requirements”.
The parameter “timeRestrictionForChannelMeasurements” was introduced in RAN1 to indicate which CSI-RS to be measured for CSI report. If configured, UE shall derive the channel measurements for computing CSI based on only the most recent resource. For LTM L1-RSRP measurement, SSB measurement occasions may be shared among different cells and different frequency layers, it cannot be guaranteed that UE would use the most recent resource to perform L1 measurement. As the initial motivation of introducing this IE is not for L1-RSRP measurement, we prefer to remove it. 

Proposal 8: No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. M=1 for intra-frequency and inter-frequency without gap, M=2 for inter-frequency with MG in L1-RSRP measurement delay requirements.
2.3.2 L1 report for unmeasured candidate cells
[bookmark: _Hlk146613989]In previous meetings, RAN4 agreed that NW can configure more cells which exceeds UE capability (# of cells/SSBs UE can measure) and UE may not perform L1-RSRP measurement on all the cells. In addition, in FR2, when TCI state(s) of some neighbor cell(s) are in the active TCI state list, UE may not perform L1-RSRP measurement on neighbor cell(s) of which TCI states are not in the active TCI state list. So, we need to discuss what value to report for unmeasured candidate cells. In table 10.1.6.1-1, there are many invalid codepoints for L1-RSRP measurement report. We think it is reasonable to report invalid codepoints in table 10.1.6.1-1 for unmeasured candidate cells. We don’t think it is necessary to request UE to report a certain invalid codepoint. 
Proposal 9: 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.
2.3.3 Applicability rule for L1-RSRP measurement requirements
	Issue 2-1-2: L1-RSRP measurement period of intra-f neighbor cell of deactivated SCC 
<Way Forward> Further discuss the following option
· Option 1(Huawei): If network configures a LTM candidate cell which is one neighbor cell on the deactivated SCC, LTM L1-RSRP measurement period is to be applied to the cell.


Last meeting, some company proposed the issue that whether L1-RSRP requirements defined are applicable to neighbor cell on the deactivated SCC. This issue is also related to whether intra-frequency L1-RSRP measurement requirements defined in R18 are applicable to deactivated SCC. We think L1-RSRP measurement on deactivated SCC is supported as UE is not supposed to report CSI for deactivated SCell according to 38.321. Legacy, this CSI includes L1-RSRP measurement. 
	38.321
1>  if the SCell is deactivated:
2> not transmit SRS on the SCell;
2> not report CSI for the SCell;
2> not transmit on UL-SCH on the SCell;
2> not transmit on RACH on the SCell;
2> not monitor the PDCCH on the SCell;
2> not monitor the PDCCH for the SCell;
2>  not transmit PUCCH on the SCell.



In R18 LTM intra-frequency L1-RSRP measurement requirements, we did not define any interruption but only some scheduling restriction. In other words, by following the current requirements to measure neighbor cell on the deactivated SCC, it means UE has to keep the RF of SCC always on, which is not reasonable.
Proposal 10: LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to neighbor cell on deactivated SCC.
	[bookmark: _Hlk150988126]Issue 2-1-3: Additional conditions to perform L1 measurement for LTM
<Way Forward> FFS
· Option 1 (Nokia): 
· UE is not required to perform LTM measurements when UE is not in active data transmission.
· Option 2 (MTK):
· UE can perform L1-RSRP measurement no matter inactivity timer is running or not.
· Option 3 (Apple): 
· considering core part of this work item has been closed, RAN4 shall not further investigate optimization for L1 measurement in R18. Further improvement can be considered in future release.



In the past few meetings, some company proposed to ask UE to perform L1-RSRP measurements only when the UE is in active data transmission. We understand the motivation behind, but don’t quite get how the proposal impacts spec. Mobility occurs no matter there is traffic or not. As traffic arrives kind of in random, if UE only performs L1-RSRP measurement only when UE is in active data transmission, the measurement may not meet the needs of mobility. In addition, RAN4 defines the minimum requirements, the exact measurement behavior is up to UE implementation.

Proposal 11: No need to put a limitation on UE measurement behavior when UE is not in active data transmission.
2.4 Cell switch delay requirements
[bookmark: OLE_LINK2]2.4.1 Conditions to skip T/F tracking during cell switch
RAN4#109 agreed to define a time gap between TCI state activation and cell switch command as one of the conditions to skip T/F tracking during cell switch delay. But the detail is still open. In this part, we would like to provide our views.
	Issue 1-1-2: Whether and how to define TCI state activation delay requirements for early T/F tracking before cell switch command 
< 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.



In our understanding, after receiving TCI state activation command, there can be two types of UE behaviours. One is that UE performs one shot SSB based T/F tracking immediately after TCI state activation command and then tracks the activated TCI states periodically (Option 1 in Fig.1). Another is that UE starts periodic T/F tracking after receiving TCI state activation command (Option 2 in Fig.1). We would like to analyse the pros and cons of the two options.
· One benefit of option 1: if NW sends cell switch command in less than 160ms after TCI state activation command, UE can skip T/F tracking during cell switch delay no matter L1 measurement period is less or larger than 160ms, as UE has just performed one shot T/F tracking. 
· One drawback of Option 1 is that it is not applicable to unknown TCI sates in FR2.
· Another drawback of Option 1 is that it is only applicable to the case when TCI state(s) of only one candidate cell is activated in FR2 or cells from one frequency-layer case in FR1. For instance, if TCI states of multiple cells are activated in FR2, UE needs to track each cell TDM-ly and one SSB period or one MG is not enough for UE to track all the cells.
In FR2, in general, NW is supposed to active the TCI sates based on L1 measurement reports. Unknown TCI states in FR2 would be a corner case. As L1-RSRP measurement delay in FR2 is very likely larger than 160ms, to skip T/F tracking during cell switch delay, NW may trigger cell switch soon after TCI state activation. We don’t think it is a strong limitation on NW to only activate TCI state(s) of one more cell at a certain time in FR2. 
In FR1, as stated above, Option 1 is only applicable to the case that NW actives TCI state(s) of cell(s) on a single frequency layer. Otherwise, one SSB period or one MG is not enough for UE to track all the cells. To extend option 1 to multiple cells in FR2 or multiple frequency layers in FR1, some company proposed that UE can perform one shot T/F tracking on different cells one by one, i.e., Tfirst_SSB should be Tfirst_SSB_list. We admit that it is a solution but L1 and even L3 measurement on serving cell will be delayed by doing so. Meanwhile, we don’t think it is a strong limitation on NW to only activate TCI state(s) of cell(s) on a single frequency layer at a certain time in FR1.
Considering the above, we prefer Option 1 and only consider the case that UE can finish T/F tracking in one SSB occasion or gap occasion, i.e., NW activates TCI state(s) of cells on a single frequency layer in FR1 and NW activates activate TCI state(s) of one more cell in FR2 at a certain time.
In FR1, we are fine to consider both known and unknown TCI state case. In legacy requirements for MAC CE based TCI state switch or active TCI state list update, unknown case is supported without additional conditions. The legacy requirements are defined for serving cell which is known. But here, when it comes to neighbor cell, if we don’t add any condition, there may be some issue, e.g., the cell may become unknown. Therefore, for unknown case in FR1, we propose to add the following conditions:
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.

[image: ]
Fig. 1
[bookmark: _Hlk158047340][bookmark: _Hlk163476648]Proposal 12: Only consider the case that UE can finish T/F tracking in only one SSB period, i.e., NW activates TCI state(s) of cells on a single frequency layer in FR1 and NW activates TCI state(s) of one more cell in FR2 at a certain time.
Proposal 13: Only consider known TCI state case for early TCI state activation in FR2. Consider unknown TCI state case for early TCI state activation in FR1 if the following conditions can be met:
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.
Proposal 14: After receiving activation command of a known TCI state, UE performs one shot SSB based T/F tracking on candidate cell(s) immediately after TCI state activation command.
2.4.2 Which RS to follow when TRS as QCL source
RAN1#116 reached the following agreement. It means QCL source of Type A of the TCI state indicated in cell switch command can only be TRS. For Type D or PL-RS, source RS can be SSB or CSI-RS. In this part, we would like to discuss the impact on cell switch delay requirements.

	RAN1#116

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

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


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



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

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



Proposal 15: When TRS is configured as Type A QCL source for the indicated TCI state in cell switch command, if early T/F tracking is not activated or SSB based early T/F tracking is activated but L1-RSRP measurement is larger than 160ms, UE will perform SSB based T/F tracking during cell switch delay.
2.4.3 Extra time for PL-RS measurement?
In active uplink TCI state switching delay for unified TCI, if the target PL-RS is not maintained, extra time for PL-RS measurement is needed. Here, we face a similar issue, i.e., whether extra time for PL-RS measurement is needed during cell switch. 
As shown in RAN2 agreement, for CBRA, UE would ignore the indicated TCI state. According to RAN1 spec and previous RAN4 agreement, the indicated TCI state should be ready after cell switch delay. Here, we would like to discuss this issue for CBRA and CFRA & RACH-less cell switch separately.
	RAN2#124
· For CBRA, UE selects a beam based on RSRP and ignores indicated beam in CBRA. [No further spec impact]

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



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



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

Proposal 16: For CBRA cell switch, no additional PL-RS measurement time is needed.
· CFRA and RACH-less cell switch 
In this case, the indicated beam should be ready after cell switch delay. The PL-RS indicated may be SSB or CSI-RS according to above RAN1 spec. In R17 unified TCI state switching, there were a lot of discussions in RAN4 and finally RAN4 agreed to only consider maintained case in FR2 when the target PL-RS is SSB. Otherwise, extra time for PL-RS measurement is needed in the switching delay. As the motivation of LTM is to reduce HO delay, to achieve this goal, UE is supposed to perform early tracking and early UL synchronization. We think it is reasonable to only consider the case when target PL-RS is maintained in both FR1 and FR2 here, otherwise extra time for PL-RS measurement is needed which will lead to long cell switch delay and interruption.
Proposal 17: For CFRA and RACH-less cell switch, both in FR1 and FR2, the cell switch requirements are only applicable to the case when target PL-RS is maintained, and UE does not need extra time to measure the PL-RS. 
Regarding the definition of maintained PL-RS, we can follow R17 MIMO. We copy the definition in R17 MIMO here for information:
	-	PL-RS is maintained provided: 
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	There are no more than 4 different RS activated as PL-RS per serving cell among all active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions
-	The target pathloss reference signal remains detectable during TCI state switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
-	SNR of the associated SSB ≥-3dB



Considering RAN1 has introduced UE capability of the maximum number of MAC-CE activated joint/UL TCI states as in Table 1, PL-RS can be considered as maintained the following conditions are met (modified the 2nd bullet based on the definition in R17 MIMO).
	-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB



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

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



Proposal 18: During cell switch, PL-RS is maintained provided:
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB

2.4.4. Conditions for early ASN.1 decoding and validity check
Last meeting, RAN4 discussed the conditions for early ASN.1 decoding and validity check. There are still several “FFS”. Next, we would like to discuss the open parts. 
	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.



As agreed in the 2nd bullet, TCI activation command can be used to trigger early ASN.1 decoding and validity check and the additional condition on the time gap between TCI activation command and cell switch command is still open. The time “THARQ+13ms” includes three parts: THARQ is the timing between TCI state activation command and acknowledgement as specified in TS 38.213, 3ms for MAC CE decoding, and 10ms for ASN.1 decoding and validity check. Between the two options, we prefer option 1. In option 2, the time “TCI activation delay” is one of the conditions to skip T/F tracking after cell switch command. Early ASN.1 decoding & validity check and early T/F tracking are two independent UE behaviors. So the conditions of skipping T/F tracking and ASN.1 decoding and validity check after cell switch command are independent. 
Proposal 19: TLTM_RRC-processing in TS38.133 is zero, when the number of candidate cells with activated TCI state(s) does not exceed UE capability [early ASN.1 decoding and validity/compliance check] and UE has received TCI activation command on target cell more than THARQ+13ms ago.
As agreed in the 3rd bullet, PDCCH-order RACH can also trigger early ASN.1 decoding and validity/compliance check on the candidate cell. The coordination of PDCCH-order RACH and early TCI state activation command should be discussed, e.g., what if the candidate cells are different (NW activates TCI state of cell #1,2,3 and triggers PDCCH-order RACH on cell #4.)
As early TCI state activation and RACH-based early TA acquisition are both optional UE capability, and it is up to NW whether to trigger early TCI state activation and RACH-based early TA acquisition (UE may have already had valid TA), we need a simple rule to decide on which cell(s) UE shall perform early ASN.1 decoding and validity/compliance check. 
· One scenario of using PDCCH-order RACH to trigger early ASN.1 decoding and validity/compliance check is 1) when UE does not support early TCI state activation or 2) when UE supports both but network want to skip early TCI state activation and trigger PDCCH-ordered RACH directly. In this case, UE only keeps the decoded early ASN.1 (after validity check) for the cell triggered by the latest PDCCH-order. As an example in Fig 2, after receiving the 2nd order, UE will drop the ASN.1 contents of cell#1.
[image: ]
Fig. 2
· A more complicated scenario is when both early TCI state activation and PDCCH-order RACH are enabled. To avoid complicating the requirement, we suggest adding some limitation to the network behavior: If NW activates TCI states of a set of some cells and then triggers PDCCH-order RACH, the latter should be a subset of the former. As a results, UE will only perform early ASN.1 decoding and validity/compliance check on cells whose TCI state(s) are activated. In other words, the PDCCH-ordered RACH will not change the UE behavior on early ASN.1 decoding. As shown in Fig.3, if NW sends both TCI state activation command and PDCCH order RACH, no matter UE supports early decoding of three candidate cells or more, UE only performs early decoding on Cell#1,2,3. Otherwise, which cells to perform early decoding and which cell to be dropped will become very complex. 
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Fig. 3

Similar as using TCI state activation command to trigger early ASN.1 decoding and validity check, a time gap between PDCCH-order command and cell switch command should also be defined. As the time decoding PDCCH is no more than a slot, we propose the time to be 10ms, which is as long as the time for ASN.1 decoding and validity check.
[bookmark: _Hlk162888052]Proposal 20: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells whose TCI state(s) are activated, if early TCI state activation on any candidate cell is triggered.
Proposal 21: TLTM_RRC-processing in TS38.133 is zero only applicable to the latest cell on which PDCCH-order RACH is triggered if NW doesn’t active TCI state of any candidate cell and UE has received the PDCCH-order RACH command more than 10ms ago.

2.4.5. Interruption due to PSCell change
In current spec, the requirements of PSCell change are the same as PCell change, including delay and interruption. However, this is not 100% correct, because the interruption would be interpreted as interruption on all the active serving cells including MCG and SCG. In fact, the interruption due to PSCell change on MCG should be different from SCG. RF retuning due to PSCell change would cause interruption on MCG but not other procedures, e.g., ASN.1 decoding and T/F tracking. The interruption on MCG due to PSCell change should be the similar as PSCell addition.
[bookmark: _Hlk158047391][bookmark: _Hlk162888064]Proposal 22: The interruption time in cl. 8.20.3 is applicable to SCG. The interruption on MCG due to PSCell change is the same as PSCell addition.
2.4.6 Scenarios
Last meeting, some company proposed to define the requirements for LTM based SCell activation/direct SCell activation. Regarding this issue, as far as we know, TCI state indication of scell in cell switch command is not supported in RAN2 yet. As shown below, the cell switch command can only indicate TCI state of SpCell. Before discussing whether to define the requirements for LTM based SCell activation/direct SCell activation, more clarification on whether LTM based SCell activation/direct SCell activation is supported is necessary.

	[bookmark: _Toc155999848]38.321
6.1.3.75           LTM Cell Switch Command MAC CE
The LTM Cell Switch Command MAC CE is identified by MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size with following fields (Figure 6.1.3.75-1):
-      R: Reserved bit, set to 0;
-      Target Configuration ID: This field indicates the index of candidate target configuration to apply for LTM cell switch, corresponding to ltm-CandidateId minus 1 as specified in TS 38.331 [5]. The length of the field is 3 bits;
-      Timing Advance Command: This field indicates whether the TA is valid for the LTM target cell (i.e. the SpCell corresponding to the target configuration indicated by Target Configuration ID field). If the value of this field is set to FFF, this field indicates that no valid timing adjustment is available for the PTAG of the LTM target cell; Otherwise, this field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6], and that the UE can skip the Random Access procedure for this LTM cell switch. The length of the field is 12 bits;
-      TCI state ID: This field indicates and activates the TCI state for the LTM target cell (i.e. the SpCell of the target configuration indicated by the Target Configuration ID field). The TCI state is identified by TCI-StateId in ltm-DL-OrJointTCI-StateToAddModList as specified in TS 38.331 [5]. If the value of unifiedTCI-StateType in the configuration indicated by Target Configuration ID field is joint, this field is for joint TCI state, otherwise, this field is for downlink TCI state. The length of the field is 7 bits;
-      UL TCI state ID: This field indicates and activates the uplink TCI state for the LTM target cell (i.e. the SpCell of the target configuration indicated by the Target Configuration ID field). The most significant bits of UL TCI state ID are considered as reserved bits and the remainder 6 bits indicate the TCI-UL-StateId in ltm-UL-TCI-StatesToAddModList as specified in TS 38.331 [5]. This field is included if the value of unifiedTCI-StateType in the configuration indicated by Target Configuration ID field is separate. The length of the field is 8 bits;




[bookmark: _Hlk162888154]Proposal 23: It is necessary to clarify whether LTM based SCell activation/direct SCell activation is supported before discussing whether to define the related requirements.
2.5 UE feature
Last meeting, RAN4 discussed the feature list. There are mainly three issues remaining open:
· The granularity of most L1 measurement related capability
· Whether to introduce the capability “Number of SSB resources for L1-RSRP measurement within a slot”
· How to introduce the capability for early ASN.1 decoding and validity check
In the next, we would like to provide our views.
RAN1#116 had reached agreement on the granularity of the three FGs related to L1-RSRP measurement [3], i.e., 45-1 “Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure”, 45-1a “Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure” and 45-2 “Inclusion of current SpCell in the L1 measurement report”. All the three FGs are reported per BC. As 45-1 and/or 45-1a are the prerequisite of the L1 measurement related capabilities in discussion in RAN4, the reported granularity should be no rough than 45-1 and 45-1a in general. Last meeting, RAN4 agreed inter-frequency L1-RSRP measurement with MG is reported per UE. For other capabilities, as UE may need to share the hardware with serving cell. We propose the granularity as per BC.
Proposal 24: All the L1 measurement related capabilities whose granularity are open should be reported per BC following the granularity of 45-1 and 45-1a.
Regarding the capability “Number of SSB resources for L1-RSRP measurement within a slot”. In our understanding, this capability is to reflect the number of RSs UE can measure simultaneously within a slot. For intra-frequency and inter-frequency without gap in FR1, it is likely for UE to perform L1 measurement on multiple frequency layers or multiple cells. As the capabilities indicating #of frequency layers, # of neighbor cells and # of SSBs UE supported per frequency will be defined, they will put a limitation on # of RSs within a slot. So we don’t think such a capability a necessary. But we understand that there may be different UE implementations, we are open to introduce such a capability. If some UE does not need such a capability, it may choose not to report it.
Proposal 25: Introduce the capability “Number of SSB resources for L1-RSRP measurement within a slot” to allow different UE implementations.
Regarding the capability for early ASN.1 decoding and validity check, there was consensus to indicates the number of cells on which UE supports early processing of an LTM candidate cell RRC configuration before cell switch. The open part is whether SCell(s) should be counted in. In our understanding, the limitation here is that the memory size is limited. UE is supposed to store the configurations of serving cells (including SpCell and SCell(s)) as well as some candidate cell groups. If there are Scell(s) in some candidate cell group, UE is supposed to store the configurations of both SpCell and Scell(s) in the candidate cell group. Theoretically, the limitation should be the total number of cells including serving SpCell(s), serving SCell(s), SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s). There can be two ways to report this capability. One is reported per UE to indicate the total number of cells including serving SpCell(s), serving SCell(s), SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s). Another one is reported per BC to indicate the total number of cells including SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s). In our understanding, the two options are basically the same, while the first option leads to less signaling overhead. So we prefer the first option. 
Proposal 26: For the capability for early ASN.1 decoding and validity check, it is reported per UE to indicate the total number of cells including serving SpCell(s), serving SCell(s), SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s)
3 Summary
In this paper, we provide some views on the open issues of R18 L1/L2 triggered mobility. We have the following observation and proposals:
[bookmark: _Hlk142597625]Proposal 1: In PDCCH ordered RACH delay, if TSSB is needed, the value is： 
· the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
Observation 1: Any UL serving cell or SCell which is in the same TAG of any UL serving cells should not be the target cell to transmit RACH for early TA acquisition as its TA is known. 
Proposal 2: When the target cell for early TA acquisition is a DL-only secondary serving cell, DL timing of the target cell which to transmit UL on should be used as a reference.
Proposal 3: Confirm RAN2 understanding in the reply LS that when “n-TimingAdvanceOffset-r18” is not configured by NW for PDCCH-ordered RACH on target cell, reuse the default value in 38.133 Table 7.1.2-2.
Proposal 4: Send RAN1 LS to request them to capture the definition of ∆RF/BB_preparation, the conditions to add TSSB and the value of TSSB if needed in RAN1 spec.
Proposal 5: For PDCCH order RACH on neighbor cell, capture the exception case that has no UL timing requirements in 38.133.
Proposal 6: In FR1, when TCI state associated the PDCCH-order RACH is activated and time gap between TCI state activation command and PDCCH-order is too short to complete early T/F tracking, UE is allowed to transmit PDCCH-ordered RACH with or without one Tssb delay. No UE UL Tx timing accuracy requirement will be defined.
Proposal 7: Not to define requirements for UE based TA measurement in R18.
Proposal 8: No need for RRC IE ‘timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. M=1 for intra-frequency and inter-frequency without gap, M=2 for inter-frequency with MG in L1-RSRP measurement delay requirements.
Proposal 9: 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.
Proposal 10: LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to neighbor cell on deactivated SCC.
Proposal 11: No need to put a limitation on UE measurement behavior when UE is not in active data transmission.
Proposal 12: Only consider the case that UE can finish T/F tracking in only one SSB period, i.e., NW activates TCI state(s) of cells on a single frequency layer in FR1 and NW activates TCI state(s) of one more cell in FR2 at a certain time.
Proposal 13: Only consider known TCI state case for early TCI state activation in FR2. Consider unknown TCI state case for early TCI state activation in FR1 if the following conditions can be met:
· UE has reported beam-level L3 measurement result of the associated SSB of the TCI state within 1280ms
· SNR of the associated SSB is above -3dB.
Proposal 14: After receiving activation command of a known TCI state, UE performs one shot SSB based T/F tracking on candidate cell(s) immediately after TCI state activation command.
Proposal 15: When TRS is configured as Type A QCL source for the indicated TCI state in cell switch command, if early T/F tracking is not activated or SSB based early T/F tracking is activated but L1-RSRP measurement is larger than 160ms, UE will perform SSB based T/F tracking during cell switch delay.
Proposal 16: For CBRA cell switch, no additional PL-RS measurement time is needed.
Proposal 17: For CFRA and RACH-less cell switch, both in FR1 and FR2, the cell switch requirements are only applicable to the case when target PL-RS is maintained, and UE does not need extra time to measure the PL-RS. 
Proposal 18: During cell switch, PL-RS is maintained provided:
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB
Proposal 19: TLTM_RRC-processing in TS38.133 is zero, when the number of candidate cells with activated TCI state(s) does not exceed UE capability [early ASN.1 decoding and validity/compliance check] and UE has received TCI activation command on target cell more than THARQ+13ms ago.
Proposal 20: TLTM_RRC-processing in TS38.133 is zero only applicable to the cells whose TCI state(s) are activated, if early TCI state activation on any candidate cell is triggered.
Proposal 21: TLTM_RRC-processing in TS38.133 is zero only applicable to the latest cell on which PDCCH-order RACH is triggered if NW doesn’t active TCI state of any candidate cell and UE has received the PDCCH-order RACH command more than 10ms ago.
Proposal 22: The interruption time in cl. 8.20.3 is applicable to SCG. The interruption on MCG due to PSCell change is the same as PSCell addition.
Proposal 23: It is necessary to clarify whether LTM based SCell activation/direct SCell activation is supported before discussing whether to define the related requirements.
Proposal 24: All the L1 measurement related capabilities whose granularity are open should be reported per BC following the granularity of 45-1 and 45-1a.
Proposal 25: Introduce the capability “Number of SSB resources for L1-RSRP measurement within a slot” to allow different UE implementations.
Proposal 26: For the capability for early ASN.1 decoding and validity check, it is reported per UE to indicate the total number of cells including serving SpCell(s), serving SCell(s), SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s)
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5 UE feature list

	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 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.

	45-1 from RAN1 Rel-18 feature list or 39-2 or 39-2a
	Yes
	No
	NW does not know which requirements UE will follow and NW does not know whether the reported L1-RSRP satisfies the accuracy requirements when actual RTD may be larger than CP.
	[Per UE/Per BC]

	No
	Yes 
	N/A
	
	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 on SSBs within active DL BWP 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
	
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-2a
	SSB based inter-frequency L1-RSRP measurements with measurement gaps
	Capability of SSB based inter-frequency L1-RSRP measurements with measurement gaps for LTM

	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
	
	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

2. 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

2. 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

2. 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 total 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}
Note: the value should be not smaller than UE capability of beamManagementSSB-CSI-RS (Component 2 of 2-24)

	Optional with capability signaling

	39.
NR_Mob_enh2
	39-4
	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE may cause interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission
	45-5
	Yes
	No
	UE does not 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 Network does not know whether UE supports the case that RACH 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 Network does not know whether UE supports the case that RACH 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, including serving SpCell(s), serving SCell(s), SpCell in candidate cell group(s) and Scell(s) in candidate cell group(s), that UE can store the configurations.[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 }
Note: The conditions for early processing of an LTM candidate cell RRC configuration is defined in section 6.3 in 38.133.
	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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