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Introduction
RAN2 #120 sent RAN4 the LS [1] on support of per FR PRS gap, which is replicated below. 
	1. Overall Description:
In Rel-17, it was allowed to configure the perFR gap for PRS measurements. In the TS 38.306, the UE capability is also specified to indicate whether the UE supports two independent measurement gap configurations for FR1 and FR2 for PRS measurement. However, in the current version TS 38.331, the gapAssociationPRS IE can only be configured for per UE measurement gap. 

During RAN2 discussion on the above issue, there is no consensus whether the PRS measurement can be associated with per FR measurement gap when concurrent gaps are configured, as companies have different understanding whether RAN4 supports so.

Therefore RAN2 kindly requests RAN4 to provide feedback whether RAN4 supports PRS to be associated with per FR measurement gap in case of concurrent gaps.
 

2. Actions:
[bookmark: OLE_LINK17]To RAN2 group.
ACTION: 	RAN2 kindly requests RAN4 to provide feedback whether RAN4 supports PRS to be associated with per FR measurement gap in case of concurrent gaps.



In this contribution, we first analyze the Rel-17 status for PRS measurement support in case of concurrent gaps and thereafter provide our view on RAN2’s question above. 
Discussion
PRS measurement support for concurrent gaps in TS 38.306 
In TS 38.306 [2], 
· the parameter concurrentMeasGap-r17 indicates UE support for concurrent measurement gaps;
· the parameter independentGapConfig indicates UE support for independent per-FR gaps for RRM measurements, as introduced in Rel-15;
· the parameter independentGapConfigPRS-r17 indicates UE support for independent per-FR gaps for PRS measurements, one in FR1 and one in FR2. 
The relevant extract from TS 38.306 [2] is given below.
 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	concurrentMeasGap-r17
Indicates whether the UE supports the concurrent measurements gaps as specified in TS 38.133 [5]. The capability signalling comprises the following parameters:
-	concurrentPerUE-OnlyMeasGap-r17 indicates whether the UE supports more than 1 per-UE measurement gap configurations (i.e. gap combination configuration id = 2 as specified in TS38.133 [5]), or
-	concurrentPerUE-PerFRCombMeasGap-r17 indicates whether the UE supports all concurrent gap combination configurations as specified in TS 38.133 [5] including support of more than 1 per-UE measurement gap configurations. For UE capable of Rel-15 per-FR gap (independentGapConfig), this field indicates whether the UE supports more than 1 per-FR gap measurement gap configurations in an FR, or simultaneous 1 per UE measurement gap plus 1 per-FR measurement gap configurations in an FR, or more than 1 per-UE measurement gap configurations (i.e. gap combination configuration id = 2 as specified in TS38.133 [5]).
	UE
	No
	No
	No

	independentGapConfig
This field indicates whether the UE supports two independent measurement gap configurations for FR1 and FR2 specified in clause 9.1.2 of TS 38.133 [5]. The field also indicates whether the UE supports the FR2 inter-RAT measurement without gaps when (NG)EN-DC is not configured.
	UE
	No
	No
	No

	independentGapConfigPRS-r17
Indicates whether the UE supports two independent measurement gap configurations for FR1 and FR2 for PRS measurement, as specified in clause 9.1.2 of TS 38.133 [5].
	UE
	No
	No
	No



Thus, following observation is made:
Support of independent per-FR measurement gaps for PRS measurements in Rel-17 is specified in TS 38.306 [2].
PRS measurement support for concurrent gaps in TS 38.331 
The following extract of TS 38.331 [3] lists the PRS measurement support in the RRC spec.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]],
    [[
    gapToAddModList-r17           SEQUENCE (SIZE (1..maxNrofGapId-r17)) OF GapConfig-r17                    OPTIONAL,   -- Need N
    gapToReleaseList-r17          SEQUENCE (SIZE (1..maxNrofGapId-r17)) OF MeasGapId-r17                    OPTIONAL,   -- Need N
    posMeasGapPreConfigToAddModList-r17      PosMeasGapPreConfigToAddModList-r17                                OPTIONAL,   -- Need N
    posMeasGapPreConfigToReleaseList-r17     PosMeasGapPreConfigToReleaseList-r17                               OPTIONAL    -- Need N
    ]]

}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}

GapConfig-r17 ::=                   SEQUENCE {
    measGapId-r17                       MeasGapId-r17,
    gapType-r17                         ENUMERATED {perUE, perFR1, perFR2},
    gapOffset-r17                       INTEGER (0..159),
    mgl-r17                             ENUMERATED {ms1, ms1dot5, ms2, ms3, ms3dot5, ms4, ms5, ms5dot5, ms6, ms10, ms20},
    mgrp-r17                            ENUMERATED {ms20, ms40, ms80, ms160},
    mgta-r17                            ENUMERATED {ms0, ms0dot25, ms0dot5, ms0dot75},
    refServCellIndicator-r17            ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL,   -- Cond NEDCorNRDC
    refFR2-ServCellAsyncCA-r17          ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    preConfigInd-r17                    ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    ncsgInd-r17                         ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapAssociationPRS-r17               ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapSharing-r17                      MeasGapSharingScheme                                                OPTIONAL,   -- Need R
    gapPriority-r17                     GapPriority-r17                                                     OPTIONAL,   -- Need R
    ...
}

PosMeasGapPreConfigToAddModList-r17 ::= SEQUENCE (SIZE (1..maxNrofPreConfigPosGapId-r17)) OF PosGapConfig-r17

PosMeasGapPreConfigToReleaseList-r17 ::= SEQUENCE (SIZE (1..maxNrofPreConfigPosGapId-r17)) OF MeasPosPreConfigGapId-r17

PosGapConfig-r17 ::=                SEQUENCE {
    measPosPreConfigGapId-r17           MeasPosPreConfigGapId-r17,
    gapOffset-r17                       INTEGER (0..159),
    mgl-r17                             ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    mgrp-r17                            ENUMERATED {ms20, ms40, ms80, ms160},
    mgta-r17                            ENUMERATED {ms0, ms0dot25, ms0dot5},
    gapType-r17                         ENUMERATED {perUE, perFR1, perFR2},
    ...
}

MeasPosPreConfigGapId-r17 ::= INTEGER (1..maxNrofPreConfigPosGapId-r17)

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapAssociationPRS
Indicates that PRS measurement is associated with this measurement gap. The network only includes this field for one per UE gap. If concurrent gap (i.e. one of the gap combination as defined in Table 9.1.8-1 in TS 38.133 [14]) is configured and no gap is configured with this field, the PRS measurement is associated with the gap configured via gapUE, if available.

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].



Thus, following observation is made:
PRS measurement is associated with a per-UE gap only. Hence TS 38.331 [3] does not allow to configure a PRS measurement associated with a per-FR gap.
PRS measurement support for concurrent gaps in TS 38.133
In TS 38.133 [4], Table 9.18-1 specifies the allowed gap pattern combinations for a UE supporting independent per-FR gaps, as replicated below.
Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].



Note 1 in Table 9.1.8-1 specifies that PRS measurements for gap combination configurations #3, #4 and #5 (i.e. gap combinations with 1 per-UE gap and 1 per-FR gap) need to be performed using the per-UE gap. Thus, the per-FR1 or per-FR2 measurement gap cannot be configured for PRS measurements for these gap combination configurations. However, for the remaining gap combination configurations with per-FR gap, i.e. #0, #1, #6 and #7, per-FR gaps can be used for PRS measurements. Hence for these gap combination configurations, TS 38.133 [4] allows to configure PRS measurements for per-FR gaps. It is noted that 38.133 [4] also specifies the applicability of measurement gap patterns for concurrent gaps in subclause 9.1.8.1. An extract is given below:
When UE supports concurrent measurement gap patterns, each measurement gap pattern supported by the UE is listed in Table 9.1.2-1 based on the applicability specified in table 9.1.2-3.
In particular, Table 9.1.2-3 specifies the applicability of measurement gap patterns for per-UE gap and per-FR gap, as replicated below.
Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration) 
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or
FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	
	
	FR1 and/or FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	Per-UE measurement 
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	gap
	
	FR1 only NOTE 9
	0-11, 24, 25

	
	
	FR1 and FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	
	FR2 only NOTE 9
	12-23

	
	FR1 if configured
	non-NR RAT only 
	0,1,2,3

	
	FR2 if configured
	NOTE3,6
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement 
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	gap
	FR2 if configured
	FR1 NOTE3,6
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR2 NOTE3,6
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR1 and FR2 NOTE3,6
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 2:	Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID; measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID.
NOTE 3:	Void
NOTE4:	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.
	If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.
	If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.
NOTE 5:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 
NOTE 6:	In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 7:	For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 6.
NOTE 8:	Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period.
NOTE 9:	Inclusion of positioning measurements for measurement gaps: Measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.



According to Table 9.1.2-3, measurement gap patterns #24 (MGL=10ms, MGRP=80ms) and #25 (MGL=20ms, MGRP=160ms) are specified only for per-UE gap. For per-FR gap, measurement gaps #0 - #11 are specified for FR1 and #12 - #23 for FR2. This is the same in the case of concurrent gaps with PRS measurements associated to one or more per-FR gaps. 
Thus, the following observation is made:
TS 38.133 [4] allows to configure PRS measurements for a per-FR gap in case of concurrent measurement gaps but puts restrictions on the applicability for gap combination configurations (i.e. allowed gap combination configurations are #0, #1, #6 and #7) and puts restrictions on the measurement gap patterns (i.e. #0 – #11 for FR1 and #12 - #23 for FR2). 
Proposed reply to RAN2
Based on the above discussion, the following observation is made: 
TS 38.306 [2] and TS 38.133 [4] allow to configure per-FR gap(s) for PRS measurements, while TS 38.331 [3] excludes this configuration. Thus, these three specifications are inconsistent.
In our view, it is preferable to allow PRS measurements to be configured for per-FR gaps also in case of concurrent measurement gaps. Following proposal is made.
RAN4 to indicate to RAN2 that in RAN4’s view PRS measurements should be configurable using per-FR gaps in the context of concurrent measurement gaps.
In addition, following change to gapAssociationPRS description in TS 38.331 [3] is proposed: 
RAN4 to indicate following change to gapAssociationPRS description in TS 38.331 [3] in the reply to RAN2, to align with TS 38.306 [2] and TS 38.133 [4]:
	MeasGapConfig field descriptions

	gapAssociationPRS
Indicates that PRS measurement is associated with this measurement gap (per-UE gap or per-FR gap). The network only includes this field for one per UE gap. If concurrent gap (i.e. one of the gap combination as defined in Table 9.1.8-1 in TS 38.133 [14]) is configured and no gap is configured with this field, the PRS measurement is associated with the gap configured via gapUE, if available.



The draft Reply LS is in the Annex of this contribution.
Conclusion
This contribution has addressed the question raised in the RAN2 LS [1]. When analysing the Rel-17 status for PRS measurement support in case of concurrent gaps, the following observations are made:
1. Support of independent per-FR measurement gaps for PRS measurements in Rel-17 is specified in TS 38.306 [2].
In TS 38.331 [3], the PRS measurement is associated with a per-UE gap only. Hence TS 38.331 [3] does not allow to configure a PRS measurement associated with a per-FR gap.
TS 38.133 [4] allows to configure PRS measurements for a per-FR gap in case of concurrent measurement gaps but puts restrictions on the applicability for gap combination configurations (i.e. allowed gap combination configurations are #0, #1, #6 and #7) and puts restrictions on the measurement gap patterns (i.e. #0 – #11 for FR1 and #12 - #23 for FR2). 
TS 38.306 [2] and TS 38.133 [4] allow to configure per-FR gap(s) for PRS measurements, while TS 38.331 [3] excludes this configuration option. Thus, these three specifications are inconsistent.
Following proposals are submitted.
1. RAN4 to indicate to RAN2 that in RAN4’s view PRS measurements should be configurable using per-FR gaps in the context of concurrent measurement gaps.
RAN4 to indicate following change to gapAssociationPRS description in TS 38.331 [3] in the reply to RAN2, to align with TS 38.306 [2] and TS 38.133 [4]:
	MeasGapConfig field descriptions

	gapAssociationPRS
Indicates that PRS measurement is associated with this measurement gap (per-UE gap or per-FR gap). The network only includes this field for one per UE gap. If concurrent gap (i.e. one of the gap combination as defined in Table 9.1.8-1 in TS 38.133 [14]) is configured and no gap is configured with this field, the PRS measurement is associated with the gap configured via gapUE, if available.


References
[1] [bookmark: _Ref114500673][bookmark: _Ref125798083]R2-2213350, “LS on support of per FR PRS gap”, RAN2 #120
[2] [bookmark: _Ref125797887]TS 38.306, v17.3.0
[3] [bookmark: _Ref125798974]TS 38.331, v17.3.0
[4] [bookmark: _Ref125800087]TS 38.133, v17.8.0


Annex: Proposed Draft Reply LS to RAN2
3GPP TSG-RAN WG4 Meeting #106	R4-230XXXX
Athens, Greece, February 27 – March 3, 2023
	
Title:	[Draft] Reply LS on support of per-FR gap for PRS measurements
Response to:	R4-2300018/ R2-2213350
Release:	Release 17
Work Item:	     NR_MG_enh-Core

Source:	RAN4
To:	RAN2
Cc:	-

Contact Person:	
Name:	Juergen Hofmann
E-mail Address:	juergen.hofmann@nokia.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None.


1. Overall Description:
RAN4 would like to thank RAN2 for their LS on support of per-FR gap for PRS measurements in R4-2300018/ R2-2213350. 
RAN2 asked RAN4 to provide feedback whether RAN4 supports PRS to be associated with per FR measurement gap in case of concurrent gaps.
RAN4 has the understanding that both TS 38.306 and TS 38.133 allow to configure per-FR gap(s) for PRS measurements in case of concurrent gaps, while TS 38.331 excludes this configuration. Thus, RAN4 is of the opinion that there is inconsistency between these specifications.
In RAN4’s view, it is preferred that PRS measurements are configurable using per-FR gaps in the case of concurrent measurement gaps.
Thus, following change to the gapAssociationPRS description in TS 38.331 may be foreseen by RAN2:
	MeasGapConfig field descriptions

	gapAssociationPRS
Indicates that PRS measurement is associated with this measurement gap (per-UE gap or per-FR gap). The network only includes this field for one per UE gap. If concurrent gap (i.e. one of the gap combination as defined in Table 9.1.8-1 in TS 38.133 [14]) is configured and no gap is configured with this field, the PRS measurement is associated with the gap configured via gapUE, if available.



RAN4 respectfully asks RAN2 to take above information into account.

2. Actions:
To RAN2
ACTION: 	RAN4 respectfully asks RAN2 to take above information into account.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #106bis-e	17th - 26th April 2023 		e-Meeting
TSG-RAN WG4 Meeting #107                   22nd - 26th May 2023		Incheon, KR 
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