[bookmark: _Hlk115096377][bookmark: OLE_LINK23]3GPP TSG-RAN WG4 Meeting # 109	R4-2319629
[bookmark: _Hlk142482202]Chicago, US, Nov. 13 – Nov. 17, 2023  
Agenda Item: 8.24.2.1
Source: MediaTek Inc.
Title: Discussion on UE feature list for R18 LTM
Document for: Discussion	
1 Introduction
[bookmark: OLE_LINK30]In this contribution, UE feature list for R18 LTM will be discussed
2 Discussion
2.1 Capability of supporting RTD>CP
In RAN4#106, a UE capability is agreed to indicate that UE supports SSB based intra-frequency L1 measurement on neighbor cell when RTD of serving cell and neighbor cell is larger than CP.
	RAN4#106 (R4-2303175)

[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
<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



During the discussion of the requirements for UE capable of RTD>CP or not, we think RAN4 has common understanding that when UE claims supporting RTD>CP, 
· UE can perform measurement on multiple cells on the intra-frequency simultaneously in FR1
· UE measures different cells on the same intra-frequency layer.

Considering the fact that UE behaviour in FR1 and FR2, this capability should need FR1/FR2 differentiation.

As we introduced this capability for intra-frequency L1-RSRP measurement at first, later RAN4 agreed to support inter-frequency L1-RSRP measurement with Type 1 measurement gap and inter-frequency L1-RSRP measurement without gap. One issue, whether to introduce a similar UE capability to indicate UE supporting RTD> CP for inter-frequency L1 measurement, has not been discussed yet. 

In our understanding, the capability of supporting RTD>CP can be applicable to inter-frequency L1 measurement too, i.e., 
· If support inter-f L1-RSRP measurement with MG, then support inter-f L1-RSRP measurement with MG when RTD of different neighbor cells is larger than CP
· If support inter-f L1-RSRP measurement without gap, then support inter-f L1-RSRP measurement without gap when RTD of serving cell and neighbor cell(s) is larger than CP
[bookmark: _Hlk149754398]Proposal 1: The capability of supporting RTD>CP can be applicable to inter-frequency L1-RSRP measurement. It needs FR1/FR2 differentiation.
As far as we know, RAN1 is also discussing whether to have such a capability for intra-frequency L1 measurement. As the related requirements are all discussed in RAN4, there are many details which are thoroughly discussed in RAN4 but may not be well known in RAN1, we suggest RAN4 to discuss the detail of this capability but not RAN1.
[bookmark: _Hlk149754414]Proposal 2: Discuss the detail of the capability for supporting RTD>CP in RAN4 UE feature list.
2.2 Capability for inter-f L1 measurement without gap
In RAN4#107, we agreed to support inter-f L1 measurement without gap (target SSB within DL active BWP) with UE capability as below. As RAN1 is also discussing the capability in their feature list and there is almost no controversial issue related. We think it is fine to leave this capability to RAN1 to avoid duplicating discussion.
	RAN4#107 (R4-2310160)

[bookmark: _Hlk132897897]Issue 2-5-1-1: Type of inter-frequency L1-RSRP measurement to support
< Agreement >
· Define the requirement for inter-frequency L1-RSRP measurement with type 1 MG as a baseline.
· FFS: whether L1/L3 may share the MG or not, depending on the conclusion of the other issue 2-2-1.
· Define the requirement for Inter-frequency without gap (target SSB within DL active BWP) with UE capability.
· FFS: The details of the capability.
· Not consider L1 inter-frequency with NCSG in R18 LTM.
· Not consider L1 inter-frequency with NeedforGap in R18 LTM.
· FFS: whether to support type 2 MG in R18 LTM.



[bookmark: _Hlk149754429]Proposal 3: Discuss the capability for supporting inter-frequency L1-RSRP measurement without gap in RAN1 to avoid duplicated discussion.
2.3 Number of cells/resources supported
We copy the agreements on # of cells/SSBs supported for L1 measurement here for information. As shown, there are some brackets and FFS. In the next, we would like to share our views.
	[bookmark: _Hlk132896970]RAN4#106bis-e (R4-2306395)

Issue 2-4-1: The number of cells/resources supported per frequency layer for L1 measurement
< GTW Agreement>:
· The supported maximum number of cells/SSBs configured for L1 measurement [on neighbour cell] is up to UE capability
· Details of capability signalling are FFS including at least:
· Whether to differentiate intra and inter-frequency measurements
· Constraints on the lowest value of the capability
· Signalling granularity

RAN4#107 (R4-2310160)

Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report
<Agreement>
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighboring cells
· Introduce optional UE support to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· Note 1: No impact on RAN1/2 design is expected
· Note 2: the principles of the solution need to be agreed in RAN4 #108 meetings and the mechanism can be removed if no consensus reached on solution.


First of all, we think the supported number of cells in FR1 and FR2 can be different. As well known, multiple cells can be measured simultaneously in FR1, while multiple cells will be measured in TDM fashion in FR2. The complexity to support multiple cells in FR1 and FR2 may be different. The number of neighbor cells in FR1 and FR2 may be different in the real deployment. Similarly, the number of neighbor cells in different band may also be different in the real deployment. So we suggest UE can report its capability per band.
Regarding whether UE reports number of neighbor cells or number of cells including serving cell, we don’t think there is any difference. When it comes to inter-frequency, there will be no serving cell. To keep alignment between intra-frequency and inter-frequency, we prefer this capability is to report the number of neighbor cells supported to measure per frequency layer.
Regarding the minimum value, based on our internal big data, 2 neighbor cells are enough. In addition, in the whole design, NW is allowed to ask UE to measure more neighbor cells, and UE can choose # of cells within its capability to perform L1 measurement. We believe that the cell not selected by UE is less likely to be the target cell to switch to. So we propose the minimum value to be 2. 
As this capability indicated # of neighbor cells supported per frequency layer, we want to mention that similar as L3 measurement, RAN4 should define a limitation on the # of frequency layers and total number of cells/SSBs across all the frequency layers besides such a capability.
As far as we know, this capability is also in RAN1’s feature list. We don’t think it is well described. And not all RAN1 colleagues have well understanding on the concept of frequency layer and the impact of number of cells supported. We suggest discussing this capability in RAN4.
[bookmark: _Hlk149754477]Proposal 4: The capability “number of cells supported to measure per frequency layer” indicates the number of neighbor cells UE supports to perform L1-RSRP measurement on per frequency layer. The minimum value reported is 2. This capability can be reported per band.
Proposal 5: Discuss the detail of the capability “number of neighbor cells supported to measure per frequency layer” in RAN4 UE feature list.
2.4 Interruption on DL symbols due to PDCCH-ordered RACH
Last meeting, RAN4 agreed to introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. In this part, we want to further discuss the details.

	RAN4#108bis (R4-2317330)
< Agreement>
· Leave the interruption on UL during PDCCH order RACH transmission to RAN1
· Introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. FFS the details of the capability.


As shown in the following table, whether there will be interruption on a particular serving cell, it highly depends on the serving band combination, target cell’s frequency and the victim CC. The capability should be reported per BC per target frequency per victim frequency.
	Serving cell
	Target cell
	UE capability
	Interruption on DL or not 

	f1 on band A
	f2 on band A
	UE supports f1+f2 CA
	Maybe no interruption on DL in f1

	
	
	UE does not support f1+f2 CA
	interruption on DL in f1

	f1 on band A
	f1
	-
	No interruption on DL in f1

	Inter-band CA
f1 on band A
f2 on band B
	f3 on band C
	UE supports f1+f3 CA, and does not support f2+f3 CA.
	Maybe no interruption on DL in f1
Interruption on DL in f2

	
	
	UE supports f2+f3 CA, and does not support f1+f3 CA
	Interruption on DL in f1
Maybe no interruption on DL in f2

	
	
	UE supports f1+f3 CA and f2+f3 CA, but does not support f1+f2+f3 CA
	At least have interruption on DL in either f1 or f2.
Depend on reported UE capability.

	
	
	UE supports f1+f2+f3 CA
	Maybe no interruption on DL in both f1 and f2

	
	
	UE does not support either f1+f3 CA or f2+f3 CA
	Interruption on DL in both f1 and FR2



[bookmark: _Hlk149754511][bookmark: _Hlk149746394]Proposal 6: Regarding the capability for interruption on DL symbols due to PDCCH-ordered RACH, the reported granularity is [per BC per target frequency per victim CC].
2.5 Early ASN.1 decoding and validity/compliance check before cell switch
[bookmark: _Hlk149852140][bookmark: _Hlk149806455]Last meeting, RAN4 agreed to introduce a new optional UE capability for early ASN.1 decoding and validity/compliance check. As discussed in our contribution R4-2319626, TCI state activation can be used as a trigger command for early ASN.1 decoding and validity/compliance check. 
[bookmark: _Hlk149754529]Proposal 7: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell
· Not to consider CA.
Regarding the granularity, we think it can be per UE.
Proposal 8: The capability for early ASN.1 decoding and validity/compliance check can be reported per UE basis.
2.6 Capability for shorter processing time
As discussed in our contribution R4-2319626, we prefer to introduce an optional UE capability for shorter processing time and TCI state activation can be used as a trigger command for early ASN.1 decoding and validity/compliance check.
When it comes to granularity, we want to point out that partially pre-preparation have more complexity than early ASN.1 decoding and validity/compliance check. Maybe a straightforward way is to ask UE to have DAPS alike UE capability. So we think DAPS alike granularity is needed here.
[bookmark: _Hlk149754548]Proposal 9: Use TCI state activation to trigger partial preparation on the candidate cell with the following conditions:
· NW activates TCI state(s) from only one candidate cell
· Not to consider CA.
Proposal 10: The capability for shorter processing time should be reported per BC.
2.7 Using L3 results in L1 report

	RAN4#108 (R4-2314453)
Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report

< Agreement >: Introduce optional UE support to use L3 measurement results for intra-frequency and inter-frequency L1 measurement report. 
Note: the solution will be removed from the WI scope if all details and CRs are not finalized in RAN4#109. The solution will be removed from the WI scope if there is impact on RAN1/2.



RAN4 had the above agreement on introducing optional UE capability to support to use L3 measurement results for intra-frequency and inter-frequency L1 measurement report. Based on the guidance, there should be no RAN1/2 impact. As discussed in our contribution R4-2319625, we doubt whether this optional feature is usable without any impact on RAN1/2. Anyway, at least this capability needs FR1/FR2 differentiation if finally kept.
[bookmark: _Hlk149754565]Proposal 11: Further discuss whether the feature “using L3 results in L1 report” is usable without any impact on RAN1/2.



Proposal 12: The capability for using L3 results in L1 report needs FR1/FR2 differentiation if kept.



3 Summary
In this paper, we discussed the UE feature list for LTM. We have the following proposals and the details of the features are provided in section 4.
[bookmark: _Hlk94866332]Proposal 1: The capability of supporting RTD>CP can be applicable to inter-frequency L1-RSRP measurement. It needs FR1/FR2 differentiation.
Proposal 2: Discuss the detail of the capability for supporting RTD>CP in RAN4 UE feature list.
Proposal 3: Discuss the capability for supporting inter-frequency L1-RSRP measurement without gap in RAN1 to avoid duplicated discussion.
Proposal 4: The capability “number of cells supported to measure per frequency layer” indicates the number of neighbor cells UE supports to perform L1-RSRP measurement on per frequency layer. The minimum value reported is 2. This capability can be reported per band.
Proposal 5: Discuss the detail of the capability “number of neighbor cells supported to measure per frequency layer” in RAN4 UE feature list.
Proposal 6: Regarding the capability for interruption on DL symbols due to PDCCH-ordered RACH, the reported granularity is [per BC per target frequency per victim CC].
Proposal 7: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell
· Not to consider CA.
Proposal 8: The capability for early ASN.1 decoding and validity/compliance check can be reported per UE basis.
Proposal 9: Use TCI state activation to trigger partial preparation on the candidate cell with the following conditions:
· NW activates TCI state(s) from only one candidate cell
· Not to consider CA.
Proposal 10: The capability for shorter processing time should be reported per BC.
Proposal 11: Further discuss whether the feature “using L3 results in L1 report” is usable without any impact on RAN1/2.



Proposal 12: The capability for using L3 results in L1 report needs FR1/FR2 differentiation.



4 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
	Simultaneous L1-RSRP measurements for multiple cells with RTD > CP 
	1. Capability of simultaneous L1-RSRP measurements for more than 1 Cells with RTD > CP on the same OFDM symbol in one FR1 frequency layer
1. Capability of L1-RSRP measurements for more than 1 Cells with RTD > CP in one FR2 frequency layer

Note: Duplication with component 1 of 45-1 and 45-1a in RAN1 feature list. Suggest to handle in RAN4 feature list
	45-1, or 45-1a from RAN1 Rel-18 feature list

	Yes
	No
	[NW does not know which requirements UE will follow]
	Per UE
	No
	Yes 
	N/A
	Note: the max number of cells is up to 39-2
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-2
	Number of [neighbour] cells to be measured per frequency layer
	1. Number of [neighbour] cells to be measured for L1-RSRP per frequency layer per intra-freq layer
1. Number of neighbour cells to be measured for L1-RSRP per frequency layer per inter-freq layer

Note: Duplication with component 3 of 45-1 and 45-1a in RAN1 feature list. Suggest to handle in RAN4 feature list
	45-1, or 45-1a from RAN1 Rel-18 feature list


	Yes
	No
	NW does not know the max number of cells UE can measure
	Per band
	No
	[No]
	N/A
	Candidate values: 2, 3, [… TBD]
	Mandatory with capability signaling if UE supports 45-1, or
45-1a

	39.
NR_Mob_enh2
	39-3
	Inter-frequency L1-RSRP measurements wo gap
	Capability of Inter-frequency L1-RSRP measurements wo gap for LTM

Note: Duplication with component 1 of 45-1a. Suggest to handle in RAN1 feature list 
	45-1a
	
	
	
	
	
	
	
	
	

	39.
NR_Mob_enh2
	39-4
	Interruption on DL symbols due to PDCCH- ordered RACH
	Capability on whether UE will cause interruption on DL symbols on serving cells due to PDCCH-ordered RACH
	45-5
	Yes
	No
	UE will not cause interruptions on DL symbols on serving cells due to PDCCH-ordered RACH
	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
	39-5
	Early ASN.1 decoding and validity check before cell switch
	Capability of early ASN.1 decoding and validity check before cell switch to [reduce or skip] Texecution delay (refer to TS 38.133). 

Note: Additional conditions to apply the capability is FFS in RAN4. Additional components may be introduced to this FG later
	[Component 6 of 45-3 or 45-4]
	Yes
	No
	Texecution delay will not be [reduced or skipped], i.e., 10ms
	[Per UE]
	No
	No
	N/A
	[Candidate values: 0 or TBD]
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-6]
	Shorter UE processing time during cell switch
	Capability of reduced TLTM, processing delay (refer to TS 38.133). 

Note: Additional conditions to apply the capability is FFS in RAN4. Additional components may be introduced to this FG later
	[Component 6 of 45-3 or 45-4]
	Yes
	No
	TLTM, processing delay will not be reduced, i.e., 20ms
	[Per UE]
	No
	No
	N/A
	Candidate values: TBD
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-7]
	Using L3 measurement results in L1-RSRP measurement report
	Capability of using L3 measurement results in L1 measurement report

Note: Additional conditions to apply the capability is FFS in RAN4. 
	45-1, or
45-1a
	[Yes or No]
	No
	UE will not use L3 measurement results in L1 measurement report
	[Per UE]
	No
	[Yes]
	N/A
	
	Optional with capability signaling



