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Introduction
In this paper, we discuss the remaining issues on RRC_INACTIVE state positioning.

INACTIVE state capabilities reported to LMF
We think that that the biggest controversy of INACTIVE state positioning is the capability signaling to LMF [1]. In our view, the capability reporting to LMF is useful at least for the purpose of identifying whether UE supports the PRS processing with power consumption optimization, so that LMF understands that in this case UE may process less PRS symbols, and UE PRS processing period is per DRX cycle according to LS from RAN4 [2].
Since RAN2 already concluded that LMF should not be aware of the RRC state, but on the other hand it is our understanding that LMF should care for the positioning KPI, e.g. accuracy, latency, power efficiency, etc. it makes sense to convert the RRC_INACTIVE state capabilities to a one that is labelled as power efficiency capabilities. 
The association between power efficiency and RRC state can be later established by gNB/UE, and if UE is able to achieve power efficiency benefit even in RRC_CONNECTED state, it should be allowed, e.g. in C-DRX mode.
Note that this can be future proof if the RRC_IDLE state positioning is introduced in later release, and LMF may still use the power efficiency capabilities designed in Rel-17.
Proposal 1: Make the following modification to the FGs.
	Features
	Index
	Feature group
	Components
	Omitted columns
	Need for the gNB to know if the feature is supported
	Note
	Mandatory/Optional

	27. NR_pos_enh
	27-6
	[bookmark: _GoBack]DL PRS processing capabilities in RRC inactive statepower efficiency mode
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it
	
	No
	Component 1 candidate values: {Type 1, Type 2}

Component 2 candidate values:
T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: Having the PRS processing capabilities in RRC_INACTIVE state does not imply that LMF is aware of or controlling UE RRC state [, but instead LMF may set the response time assuming a specific RRC state during the PRS measurement and inform the gNB on the assumed RRC state, while the actual RRC state is still determined by UE/gNB that take the response time requirement and assumed RRC state into account.]
	Optional with capability signaling

	27. NR_pos_enh
	27-15
	Support of positioning SRS transmission in RRC_INACTIVE state for initial BWP
	1. Max number of SRS Resource Sets for positioning supported by UE
2. Max number of [P/SP]SRS Resources for positioning
3. Max number of [P/SP]SRS Resources for positioning per slot
4. Max number of periodic SRS Resources for positioning 
5. Max number of periodic SRS Resources for positioning per slot

Note: OLPC for SRS for positioning based on SSB from the last serving cell (the cell that releases UE from connection) is part of this FG. No dedicated capability signaling is intended for this component
	
	Yes
	Component 1 candidate values: {1, 2, 4, 8, 12, 16}

Component 2 candidate values: {1,2,4,8,16,32,64}

Component 3 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

Component 4 candidate values: {1,2,4,8,16,32,64}

Component 5 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

[Need for location server to know if the feature is supported]

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15a
	Support of positioning SRS transmission in RRC_INACTIVE state for initial BWP with semi-persistent SRS
	1. Max number of semi-persistent SRS Resources for positioning 

2. Max number of semi-persistent SRS Resources for positioning per slot

	
	Yes
	Component 1 candidate values: {1,2,4,8,16,32,64}

Component 2 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

[Need for location server to know if the feature is supported]

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15b
	Support of positioning SRS transmission in power efficiency mode for initial BWP
	1. Max number of SRS Resource Sets for positioning supported by UE
2. Max number of [P/SP]SRS Resources for positioning
3. Max number of periodic SRS Resources for positioning 

Note: OLPC for SRS for positioning based on SSB from the last serving cell (the cell that releases UE from connection) is part of this FG. No dedicated capability signaling is intended for this component
	
	No
	Component 1 candidate values: {1, 2, 4, 8, 12, 16}

Component 2 candidate values: {1,2,4,8,16,32,64}

Component 3 candidate values: {1,2,4,8,16,32,64}

Need for location server to know if the feature is supported

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15c
	Support of positioning SRS transmission in power efficiency mode for initial BWP with semi-persistent SRS
	1. Max number of semi-persistent SRS Resources for positioning 

	
	No
	Component 1 candidate values: {1,2,4,8,16,32,64}

Need for location server to know if the feature is supported

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-16
	OLPC for positioning SRS in RRC_INACTIVE state
	Same as
LPP
OLPC-SRS-Pos-r16

RRC
OLPC-SRS-Pos-r16
	
	Yes
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-16a
	OLPC for positioning SRS in power efficiency mode
	Same as

LPP
OLPC-SRS-Pos-r16
	
	No
	Need for location server to know if the feature is supported.
	

	27. NR_pos_enh
	27-18a
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-TDOA
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-TDOA
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: Applicable for both UE-assisted and UE-based DL-TDOA

Note: PRS capabilities for DL-TDOA measurement and reporting described in FGs in 13-3, 13-3a, 13-3b, 13-6, 13-13 are the same for power efficiency modeRRC Inactive.
	Optional with capability signaling.

	27. NR_pos_enh
	27-18b
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-AoD
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-AoD
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: Applicable for both UE-assisted and UE-based DL-AoD

Note: PRS capabilities for DL-AOD measurement and reporting described in FGs 13-2, 13-2a, 13-2b, 13-5, 13-13 are the same for power efficiency modeRRC Inactive.
	Optional with capability signaling.

	27. NR_pos_enh
	27-18c
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for Multi-RTT
	1. Support of PRS measurement in power efficiency modeRRC_INACTIVE state for Multi-RTT
[2. Support of positioning SRS transmission in power efficiency modeRRC_INACTIVE state]
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: PRS capabilities for Multi-RTT measurement and reporting described in FGs in 13-4, 13-4a, 13-4b, 13-11, 13-11a, 13-14 are the same for power efficiency modeRRC Inactive
	Optional with capability signaling.

	27. NR_pos_enh
	27-19
	Spatial relation for positioning SRS in RRC_INACTIVE state
	Same as
LPP
SpatialRelationsSRS-Pos-r16

RRC
SpatialRelationsSRS-Pos-r16
	
	Yes
	Need for location server to know if the feature is supported.
	Optional with capability signalling

	27. NR_pos_enh
	27-19a
	Spatial relation for positioning SRS in power efficiency mode
	Same as

LPP
SpatialRelationsSRS-Pos-r16

	
	No
	Need for location server to know if the feature is supported.
	Optional with capability signalling



INACTIVE state UL positioning
For SRS transmission outside BWP#0, there should be RF retuning time between SRS Tx and Tx in UL BWP#0. The retuning time may impact the criterion to determine the collision between two Tx.
There were proposals to reuse the BWP switching time in Rel-15 during the UE feature discussion in RAN1#107bis-e [1], but to our understanding, to switch out to transmit SRS and to switch back require much shorter time than the BWP switching period as defined in Table 8.6.2-1 of TS 38.133, because there is no other parameters in a BWP that require a “soft reset”.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Allowing a large switching period will cause collision between SRS transmission and CG-SDT transmission within a typical DDDSU period, and any subsequence CG-SDT transmission should be configured in the UL of the next TDD switching period.
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Figure 1 Longer switching time may result in impossibility to configure SRS and CG-SDT in consecutive slots
Observation 1: Reusing BWP switching for SRS transmission outside the initial BWP interrupts UL more than necessary.

We think that the UE Tx switching period capability is similar to SRS carrier switching defined in Rel-15. The difference between SRS Tx switching in RRC_INACTIVE with SRS carrier based switching is that the former is within a CC/band, while the latter also covers the inter-band switching. Since the latter also supports intra-band carrier switching, the candidate value set is sufficient to cover SRS Tx switching outside the initial BWP.

	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-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}



Proposal 2: For SRS transmission outside initial BWP, introduce a UE capability on switching between SRS Tx and other Tx in BWP#0.
The capability is reported per band, and take the IE SRS-SwitchingTimeNR defined in TS 38.331.
If the transmission of SRS including the switching period results in the collision with other DL reception or UL transmission, the SRS transmission is dropped.

There were also proposals to consider the numerology and bandwidth of SRS if the SRS is transmitted outside initial BWP. We support
Introducing a component to identify whether UE only supports the same numerology or same and different numerology between SRS and initial BWP.
Introducing a component to identify the bandwidth that UE supports for the SRS transmission.
Introducing a component to identity whether UE only supports the SRS bandwidth to include initial DL BWP or UE supports any relation between SRS bandwidth and initial DL BWP.
We do not see a strong need to introduce different SRS resource capabilities for outside initial BWP; basically everything UE supports for SRS transmission inside initial BWP applies also for SRS outside initial BWP, including support of SP SRS.
Proposal 3: Introduce the following FGs for support of SRS transmission outside initial BWP.
	27. NR_pos_enh
	27-15d
	Support of positioning SRS transmission in RRC_INACTIVE state outside initial BWP
	1. SRS switching time (DL and UL)
2. Supported numerology for SRS
3. SRS bandwidth
4. SRS bandwidth with initial DL BWP
	27-15
	Yes
	Component 1 candidate values: {0us, 30us, 100us, 140us, 200us, 300us, 500us, 900us} for DL and UL, respectively

Component 2 candidate values: {sameAsInitialUL-BWP, sameAsOrDifferentFromInitialUL-BWP}

Component 3 candidate values: bitmap to indicate support of { 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 45MHz, 50MHz, 60MHz, 70MHz, 80MHz, 90MHz, 100MHz}.

Component 4 candidate values: {srsBW-ContainsIntialDL-BWP, noRestriction}
	Optional with capability signaling

	27. NR_pos_enh
	27-15e
	Support of positioning SRS transmission in power efficiency mode outside initial BWP
	SRS bandwidth
	27-15b
	No
	Candidate values: bitmap to indicate support of { 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 45MHz, 50MHz, 60MHz, 70MHz, 80MHz, 90MHz, 100MHz}.

Need for location server to know if the feature is supported
	Optional with capability signaling



Conclusion
In this contribution, we have the following observations and proposals with regards to INACTIVE state positioning.
Observation 1: Reusing BWP switching for SRS transmission outside the initial BWP interrupts UL more than necessary.
Proposal 1: Make the following modification to the FGs.
	Features
	Index
	Feature group
	Components
	Omitted columns
	Need for the gNB to know if the feature is supported
	Note
	Mandatory/Optional

	27. NR_pos_enh
	27-6
	DL PRS processing capabilities in RRC inactive statepower efficiency mode
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it
	
	No
	Component 1 candidate values: {Type 1, Type 2}

Component 2 candidate values:
T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: Having the PRS processing capabilities in RRC_INACTIVE state does not imply that LMF is aware of or controlling UE RRC state [, but instead LMF may set the response time assuming a specific RRC state during the PRS measurement and inform the gNB on the assumed RRC state, while the actual RRC state is still determined by UE/gNB that take the response time requirement and assumed RRC state into account.]
	Optional with capability signaling

	27. NR_pos_enh
	27-15
	Support of positioning SRS transmission in RRC_INACTIVE state for initial BWP
	1. Max number of SRS Resource Sets for positioning supported by UE
2. Max number of [P/SP]SRS Resources for positioning
3. Max number of [P/SP]SRS Resources for positioning per slot
4. Max number of periodic SRS Resources for positioning 
5. Max number of periodic SRS Resources for positioning per slot

Note: OLPC for SRS for positioning based on SSB from the last serving cell (the cell that releases UE from connection) is part of this FG. No dedicated capability signaling is intended for this component
	
	Yes
	Component 1 candidate values: {1, 2, 4, 8, 12, 16}

Component 2 candidate values: {1,2,4,8,16,32,64}

Component 3 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

Component 4 candidate values: {1,2,4,8,16,32,64}

Component 5 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

[Need for location server to know if the feature is supported]

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15a
	Support of positioning SRS transmission in RRC_INACTIVE state for initial BWP with semi-persistent SRS
	1. Max number of semi-persistent SRS Resources for positioning 

2. Max number of semi-persistent SRS Resources for positioning per slot

	
	Yes
	Component 1 candidate values: {1,2,4,8,16,32,64}

Component 2 candidate values: {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}

[Need for location server to know if the feature is supported]

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15b
	Support of positioning SRS transmission in power efficiency mode for initial BWP
	1. Max number of SRS Resource Sets for positioning supported by UE
2. Max number of [P/SP]SRS Resources for positioning
3. Max number of periodic SRS Resources for positioning 

Note: OLPC for SRS for positioning based on SSB from the last serving cell (the cell that releases UE from connection) is part of this FG. No dedicated capability signaling is intended for this component
	
	No
	Component 1 candidate values: {1, 2, 4, 8, 12, 16}

Component 2 candidate values: {1,2,4,8,16,32,64}

Component 3 candidate values: {1,2,4,8,16,32,64}

Need for location server to know if the feature is supported

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-15c
	Support of positioning SRS transmission in power efficiency mode for initial BWP with semi-persistent SRS
	1. Max number of semi-persistent SRS Resources for positioning 

	
	No
	Component 1 candidate values: {1,2,4,8,16,32,64}

Need for location server to know if the feature is supported

FFS: outside initial BWP
	Optional with capability signaling

	27. NR_pos_enh
	27-16
	OLPC for positioning SRS in RRC_INACTIVE state
	Same as
LPP
OLPC-SRS-Pos-r16

RRC
OLPC-SRS-Pos-r16
	
	Yes
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	27. NR_pos_enh
	27-16a
	OLPC for positioning SRS in power efficiency mode
	Same as

LPP
OLPC-SRS-Pos-r16
	
	No
	Need for location server to know if the feature is supported.
	

	27. NR_pos_enh
	27-18a
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-TDOA
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-TDOA
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: Applicable for both UE-assisted and UE-based DL-TDOA

Note: PRS capabilities for DL-TDOA measurement and reporting described in FGs in 13-3, 13-3a, 13-3b, 13-6, 13-13 are the same for power efficiency modeRRC Inactive.
	Optional with capability signaling.

	27. NR_pos_enh
	27-18b
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-AoD
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for DL-AoD
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: Applicable for both UE-assisted and UE-based DL-AoD

Note: PRS capabilities for DL-AOD measurement and reporting described in FGs 13-2, 13-2a, 13-2b, 13-5, 13-13 are the same for power efficiency modeRRC Inactive.
	Optional with capability signaling.

	27. NR_pos_enh
	27-18c
	Support of PRS measurement in power efficiency modeRRC_INACTIVE state for Multi-RTT
	1. Support of PRS measurement in power efficiency modeRRC_INACTIVE state for Multi-RTT
[2. Support of positioning SRS transmission in power efficiency modeRRC_INACTIVE state]
	
	FFSNo
	[Need for location server to know if the feature is supported.]

Note: PRS capabilities for Multi-RTT measurement and reporting described in FGs in 13-4, 13-4a, 13-4b, 13-11, 13-11a, 13-14 are the same for power efficiency modeRRC Inactive
	Optional with capability signaling.

	27. NR_pos_enh
	27-19
	Spatial relation for positioning SRS in RRC_INACTIVE state
	Same as
LPP
SpatialRelationsSRS-Pos-r16

RRC
SpatialRelationsSRS-Pos-r16
	
	Yes
	Need for location server to know if the feature is supported.
	Optional with capability signalling

	27. NR_pos_enh
	27-19a
	Spatial relation for positioning SRS in power efficiency mode
	Same as

LPP
SpatialRelationsSRS-Pos-r16

	
	No
	Need for location server to know if the feature is supported.
	Optional with capability signalling



Proposal 2: For SRS transmission outside initial BWP, introduce a UE capability on switching between SRS Tx and other Tx in BWP#0.
The capability is reported per band, and take the IE SRS-SwitchingTimeNR defined in TS 38.331.
If the transmission of SRS including the switching period results in the collision with other DL reception or UL transmission, the SRS transmission is dropped.
Proposal 3: Introduce the following FGs for support of SRS transmission outside initial BWP.
	27. NR_pos_enh
	27-15d
	Support of positioning SRS transmission in RRC_INACTIVE state outside initial BWP
	1. SRS switching time (DL and UL)
2. Supported numerology for SRS
3. SRS bandwidth
4. SRS bandwidth with initial DL BWP
	27-15
	Yes
	Component 1 candidate values: {0us, 30us, 100us, 140us, 200us, 300us, 500us, 900us} for DL and UL, respectively

Component 2 candidate values: {sameAsInitialUL-BWP, sameAsOrDifferentFromInitialUL-BWP}

Component 3 candidate values: bitmap to indicate support of { 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 45MHz, 50MHz, 60MHz, 70MHz, 80MHz, 90MHz, 100MHz}.

Component 4 candidate values: {srsBW-ContainsIntialDL-BWP, noRestriction}
	Optional with capability signaling

	27. NR_pos_enh
	27-15e
	Support of positioning SRS transmission in power efficiency mode outside initial BWP
	SRS bandwidth
	27-15b
	No
	Candidate values: bitmap to indicate support of { 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 45MHz, 50MHz, 60MHz, 70MHz, 80MHz, 90MHz, 100MHz}.

Need for location server to know if the feature is supported
	Optional with capability signaling
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