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1	Introduction
[bookmark: _Ref178064866]As indicated in [POST125][027][UE capabilities] Mega CR, how to capture the features FG39-4 and FG39-4a should be further discussed in RAN2. This contribution discusses the signaling design for those features and possible further clarifications to be provided to RAN4.
2	Discussion
In UE feature list, one of the columns to be filled in for a certain feature is the feature “Type”, defined as:
(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)
However, according to the RAN4 feature list (R2-2401808), FG39-4 and FG39-4a are stated with granularity as “Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination”:

	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
	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
	

	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
	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



In principle, such granularity mentioned above is a new granularity not previously discussed in RAN2. That is because typically those aspects are rather design choices than a granularity, i.e. this feature still has per BC as granularity, but happens to have additional design aspects to be taken into account. Similar aspects were already implemented before for SRS carrier switching for instance, where the UE can provide the interruption time for band pairs in a band combination.
BandParameters-v1540 ::=            SEQUENCE {
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {
            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR
        },
        eutra                               SEQUENCE {
            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA
        }
    }                                                                              OPTIONAL,


	srs-SwitchingTimesListNR
Indicates, for a particular pair of NR bands, the RF retuning time when switching between a NR carrier corresponding to this band entry and another (PUSCH-less) NR carrier corresponding to the band entry in the order indicated below:
-	For the first NR band, the UE shall include the same number of entries for NR bands as in bandList, i.e. first entry corresponds to first NR band in bandList and so on,
-	For the second NR band, the UE shall include one entry less, i.e. first entry corresponds to the second NR band in bandList and so on
-	And so on

	srs-SwitchingTimesListEUTRA
Indicates, for a particular pair of E-UTRA bands, the RF retuning time when switching between an E-UTRA carrier corresponding to this band entry and another (PUSCH-less) E-UTRA carrier corresponding to the band entry in the order indicated below:
-	For the first E-UTRA band, the UE shall include the same number of entries for E-UTRA bands as in bandList, i.e. first entry corresponds to first E-UTRA band in bandList and so on,
-	For the second E-UTRA band, the UE shall include one entry less, i.e. first entry corresponds to the second E-UTRA band in bandList and so on
 -	And so on



[bookmark: _Toc162939547]Per band pair signaling per band combination was designed before for e.g. SRS carrier switching. 
Therefore, similar signaling design can also be adopted for FG39-4 and FG39-4a. A TP for 38.331 is also included in the Annex section.
[bookmark: _Toc162945615]Implement FG39-4 and FG39-4a similar as SRS carrier switching.
[bookmark: _Toc162945616]Adopt the TP for 38.331.
We should also inform RAN4 that such design does not mean a new granularity but a possible design choice for capabilities in per BC granularity, which can also be quite costly in terms of signaling overhead and should only be used in special cases. A draft LS is in the Annex section.
[bookmark: _Toc162945617]Inform RAN4 that the granularity of FG39-4 and FG39-4a is per BC and ask them to update UE feature list accordingly.  
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Per band pair signaling per band combination was designed before for e.g. SRS carrier switching.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Implement FG39-4 and FG39-4a similar as SRS carrier switching.
Proposal 2	Adopt the TP for 38.331.
Proposal 3	Inform RAN4 that the granularity of FG39-4 and FG39-4a is per BC and ask them to update UE feature list accordingly.
TP for 38.331
BandCombinationList-v18xy ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v18xy

BandCombination-v18xy ::=          SEQUENCE {
    bandList-v18xy                      SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters-v18xy      OPTIONAL
}

BandParameters-v18xy ::=            SEQUENCE {
        pdcch-RACH-AffectedBandsList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-AffectedBands OPTIONAL,
        pdcch-RACH-SwitchingTimeList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-SwitchingTime OPTIONAL
    }                                                                              OPTIONAL

	pdcch-RACH-AffectedBands
Indicates, for a particular pair of NR bands, whether there is interruption on the UE for one NR band pair when performing PDCCH ordered RACH, corresponding to the band entry in the order indicated below:
-	For the first NR band, the UE shall include the same number of entries for NR bands as in bandList, i.e. first entry corresponds to first NR band in bandList and so on,
-	For the second NR band, the UE shall include one entry less, i.e. first entry corresponds to the second NR band in bandList and so on
-	And so on

	pdcch-RACH-SwitchingTimeList
Indicates, for a particular pair of NR bands, the RF retuning 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, corresponding to the band entry in the order indicated below:
-	For the first NR band, the UE shall include the same number of entries for NR bands as in bandList, i.e. first entry corresponds to first NR band in bandList and so on,
-	For the second NR band, the UE shall include one entry less, i.e. first entry corresponds to the second NR band in bandList and so on
-	And so on



–	PDCCH-RACH-AffectedBands
The IE PDCCH-RACH-AffectedBands is used to indicate whether there is interruption on the UE for one NR band pair when performing PDCCH ordered RACH.
PDCCH-RACH-AffectedBands information element
-- ASN1START
-- TAG-PDCCH-RACH-AffectedBands-START

PDCCH-RACH-AffectedBands ::=      ENUMERATED {noInterruption, interruption}  

-- TAG-PDCCH-RACH-AffectedBands-STOP
-- ASN1STOP

[bookmark: _Toc60777482][bookmark: _Toc156130727]–	PDCCH-RACH-SwitchingTime
The IE PDCCH-RACH-SwitchingTime is used to indicate the switching time on the UE for one NR band pair when performing PDCCH ordered RACH.
PDCCH-RACH-SwitchingTime information element
-- ASN1START
-- TAG-PDCCH-RACH-SwitchingTime-START

PDCCH-RACH-SwitchingTime ::=  ENUMERATED {ms0, ms0dot25ms, ms0dot5ms, ms1, ms2}

-- TAG-PDCCH-RACH-SwitchingTime-STOP
-- ASN1STOP


Draft LS to RAN4
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1. Overall Description:
RAN2 thanks RAN4 for their LS on Rel-18 RAN4 UE feature list for NR (version 3) (R2-2401808/R4-2403636). For FG39-4 and FG39-4a, where the granularity of those features was defined as per band pair per band combination, RAN2 considers the granularity of those features to be per band combination. Some capabilities may require the UE to report per band pair information, which can be present in different levels and do not represent the actual feature granularity. When per band pair information is included per band combination level, it may generate considerable overhead and should only be used in exceptional cases. Therefore, to avoid confusion, RAN2 would like to ask that the “Type” column for FG39-4 and FG39-4a is updated to “Per BC” and the additional information on per band pair aspects are moved to the “Note” column.

2. Actions:
To RAN4:
ACTION: 	RAN2 would like to respectfully ask RAN4 to take these into account on RAN4 UE feature list. 

3. Date of Next TSG-RAN WG2 Meetings:
TSG-RAN2 Meeting #126	20th – 24th May 2024	Fukuoka, Japan
TSG-RAN2 Meeting #127	19th – 23th August 2024	Maastricht, Netherlands




