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Introduction
Measurement period requirements for DL-PRS-based positioning measurements, i.e. PRS-RSTD, PRS-RSRP and UE Rx-Tx time difference, are specified in [1, clauses 9.9.2.5, 9.9.3.5 and 9.9.4.5]. The duration of the measurement period scales according to the UE’s DL-PRS processing capability parameters {N,T,N’} reported in NR-DL-PRS-ProcessingCapability IE [2]. However, NR-DL-PRS-ProcessingCapability is static and does not distinguish between scenarios in which PRS may be processed within per-UE MG or within per-FR MG.
If PRS were measured/processed within per-FR MG, there would be potential concurrency with other DL processing. e.g. PRS processing in FR1 colliding with either inter-frequency measurements in FR2 or serving cell procedures in FR2. It could be impractical for a UE to report its PRS processing capability if it has to support PRS-based measurements with both per-UE and per-FR MG. Some UEs may have to give up support of per-FR gaps or grossly under-report their PRS processing capability.
In this paper we discuss potential solutions and propose a straightforward solution with minimal impact to Rel-16.
Discussion
Requirements for Rel-16 NR positioning are applicable provided the “UE is configured with measurement gaps” [1, clause 9.9.1]. New measurement gap (MG) patterns 24 and 25 were added in Rel-16 to support NR positioning measurements. The new MG patterns are per-UE only and applicable to both FR1 and FR2. They can be configured only during a NR positioning session and both can be used for NR RRM measurements. The legacy MG patterns 0-23 can be used for NR positioning measurements as well, both when the MG are configured per-UE and per-FR [1, Table 9.1.2-2].
Currently in Rel-16, the UE has limited ability to request MG for positioning measurements. The LocationMeasurementIndication procedure defined in the RRC protocol specification [3] allows the UE to indicate to the network when it is going to start/stop performing positioning measurements that require measurement gaps. However, there is no way for a UE that supports per-FR MG to request per-UE or per-FR during that procedure. More importantly, it is up to the network to honor the UE’s request for MG. This presents a difficult situation for UEs that may be able to support per-FR gaps for RRM measurements but not for PRS-based measurements. Processing requirements for PRS and RRM can be quite different and indicating support of per-FR for RRM does not necessarily imply ability to support PRS processing with per-FR gaps.
We would like to address this issue while minimizing impact (changes) to the Rel-16 specifications. There are potential solutions to this issue (see Appendix) that would preserve the flexibility of supporting PRS-based measurements with per-FR MG at the expense of introducing new UE capabilities and/or new signaling. To minimize impact to Rel-16, we propose a simpler solution that simply limits PRS-based measurements to per-UE gaps while allowing the use of per-FR gaps for RRM measurements.
We believe our proposal below is a reasonable solution in Rel-16. In Rel-17, more flexible solutions (e.g. see Appendix) could be pursued to enable support of PRS-based measurements with per-FR gaps.
Proposal 1: Clarify in TS 38.133 that Rel-16 PRS-based measurements are supported with per-UE measurement gaps only. Tables 9.1.2-2 and 9.1.2-3 would be modified to exclude the applicability of per-FR measurement gaps for positioning measurements. Applicability conditions for positioning measurements in sec 9.9.1 would explicitly mention per-UE measurement gaps.
Conclusions
Proposal 1: Clarify in TS 38.133 that Rel-16 PRS-based measurements are supported with per-UE measurement gaps only. Tables 9.1.2-2 and 9.1.2-3 would be modified to exclude the applicability of per-FR measurement gaps for positioning measurements. Applicability conditions for positioning measurements in sec 9.9.1 would explicitly mention per-UE measurement gaps.
Appendix
Option 1
· Introduce a new UE capability independentGapConfig-PRS to indicate whether the UE supports per-FR MG for DL-PRS based measurements.
· Clarify that the existing per-FR MG capability independentGapConfig does not apply to DL-PRS based measurements.
· One potential issue with this approach is whether the serving cell would be able to determine when the UE is performing DL-PRS based measurements. A UE that supports per-FR MG for RRM measurements but not for PRS-based measurements would need to initiate the LocationMeasurementIndication procedure whenever it starts/stops performing positioning measurements if per-UE MG are not already configured.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	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. This field does not apply to NR positioning measurements based on DL-PRS.
	UE
	No
	No
	No

	independentGapConfig-PRS
This field indicates whether the UE supports DL-PRS based measurements with two independent measurement gap configurations for FR1 and FR2 specified in clause 9.1.2 of TS 38.133 [5]. It is mandatory if the UE indicates support of independent measurement gap configurations for FR1 and FR2 in independentGapConfig. If the UE indicates it does not support DL-PRS processing with two independent measurement gap configurations for FR1 and FR2 then the network is expected to configure a single (per-UE) measurement gap whenever the UE is requested to perform DL-PRS processing for NR positioning. 
	UE
	CY
	No
	No





Option 2
· Introduce a new UE capability independentGapConfig-withoutPRS to indicate whether the UE supports per-FR MG, excluding their use for DL-PRS based measurements.
· The existing per-FR MG capability independentGapConfig would remain unchanged for backward compatibility.
· One potential issue with this approach is whether the serving cell would be able to determine when the UE is performing DL-PRS based measurements. A UE that supports per-FR MG for RRM measurements but not for PRS-based measurements would need to initiate the LocationMeasurementIndication procedure whenever it starts/stops performing positioning measurements if per-UE MG are not already configured.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	independentGapConfig-withoutPRS
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] , excluding their use for DL-PRS based measurements. If the UE includes this field, the network is expected to configure a single (per-UE) measurement gap whenever the UE is requested to perform DL-PRS processing for NR positioning.
A UE can signal either independentGapConfig
 or independentGapConfig-withoutPRS
 but not both. 
	UE
	No
	No
	No





Option 3
· Provide a means for a UE to request per-UE MG for DL-PRS processing via the LocationMeasurementIndication procedure by adding a new optional field to NR-PRS-MeasurementInfo-r16 to request a per-UE MG for positioning.
· No new UE capability is required.
· Require that the network honor the request to configure a per-UE MG if signaled by the UE in LocationMeasurementIndication message.

NR-PRS-MeasurementInfo-r16 ::=      SEQUENCE {
    dl-PRS-PointA-r16                   ARFCN-ValueNR,
    nr-MeasPRS-RepetitionAndOffset-r16  CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    },
    nr-MeasPRS-length-r16               ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    nr-MeasPRS-gapUE-r16               ENUMERATED {true} OPTIONAL,
    ...
}
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