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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98bis meeting, the list [1] of higher layer parameters for NR positioning was updated and some parameters of UE capabilities were also captured. In this contribution, we present our views on UE capabilities for NR positioning.
2. NR DL positioning
In RAN1#98bis meeting, there was some discussion on UE capability for DL positioning as below.
	Agreement:
UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within
· Up to X1 positioning frequency layers
· FFS: X1
· Up to X2 TRPs per positioning frequency layer
· FFS: X2
· Up to X3 DL PRS resource sets per TRP
· FFS: X3
· Up to X4 DL PRS resources per PRS resource set
· FFS: X4
· FFS: X5


In LTE, the max number of frequency layers is 3 which is indicated by the IE OTDOA-NeighbourCellInfoList in LPP [2]. In NR, ‘frequency layer’ is renamed to ‘positioning frequency layer’, and a ‘positioning frequency layer’ is defined as a collection of DL PRS Resource Sets across one or more TRPs which have the same numerology, the same center frequency and the same point-A. Considering that at most 4 kinds of numerologies can be supported by PRS, 12 positioning frequency layers should be supported. In addition, the number of TRP per positioning frequency layer may be equal to 24 which is aligned with LTE. Furthermore, we also support up to 8 DL PRS resource sets per TRP and up to 64 DL PRS resources per PRS resource set. For the total number of DL PRS resources, we support the number equal to 256.
Proposal 1: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 256 total number of DL PRS resources within
· Up to 12 positioning frequency layers
· Up to 24 TRPs per positioning frequency layer
· Up to 8 DL PRS resource sets per TRP
· Up to 64 DL PRS resources per PRS resource set
In LTE, a parameter ‘maxNoOfRSTDmeas’ specified in the field OTDOA-RequestLocationInformation of LPP [3] is used to indicate the maximum number of NeighbourMeasurementElement fields (i.e., RSTD measurements) the target device can provide in OTDOA-SignalMeasurementInformation. Considering that there is no PRS resource/beam defined in LTE, we can assume that this parameter is configured UE to report up to N RTSD measurements corresponding to N TRPs. However, how many TRPs UE can be configured to measure and report has not discussed yet. Therefore, from our point of view, we support to configure the maximum number of TRPs UE can measure and report. We prefer to configure up to 32 TRPs which is aligned with LTE.
 Proposal 2: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 32 TRPs.
In RAN1#98bis meeting, there was also some discussion on UE capability for DL RSTD and RSRP measurements. The following agreements were achieved.
	Agreement:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3]
Agreement:
UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3]


In order to obtain more useful information on the network side, UE may report measurements of one or more additional detected beams from each positioning cell which can be selected by RSRP or TOA. UE may also report the DL PRS resource ID for LMF to distinguish different beams. For the value of M, we think 4 is a reasonable number considering all aspects of UE capability, reporting overhead and overall positioning accuracy.
Proposal 3: Support to configure UE to report up to 4 DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability.
In last RAN1#98b meeting, it was also agreed that UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP. The RSRP measurements corresponding to different DL PRS resources (beams) from the same TRP would actually provide some useful information to the network side where the LMF may utilize to combine with other measurements corresponding to those PRS resources with angle information based on the Tx beam direction to further improve the positioning performance. For the number of PRS RSRP measurements, we can reference the number of measured RS resources to be reported for beam management as below which is also specified in TS38.331 [3]. 
	nrofReportedRS
The number (N) of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability.
(see TS 38.214 [19], clause 5.2.1.4) When the field is absent the UE applies the value 1


Therefore, for the value of N, we think 4 is a reasonable number considering all aspects of UE capability, reporting overhead and overall positioning accuracy.
Proposal 4: UE can be configured to measure and report up to 4 DL PRS RSRP measurements on different DL PRS resources from the same TRP.
3. NR UL positioning
Considering SRS for positioning in Rel-16, both power control and spatial relation aiming to neighboring cell(s) are supported.  Given that spatial relation can be configured per resource and pathloss reference can be configured per resource set, the maximum number of SRS resource and/or SRS resource set should be increased.
Note that when a resource set is configured with a pathloss reference of a neighboring cell, it is most likely that at least one resource from that resource set is aiming to that neighboring cell. So we think increasing the maximum number of SRS resource set for positioning would fulfill the purpose. Therefore, we propose the following.
Proposal 5: UE can be configured to transmit up to 16 SRS resources for positioning per SRS resource Set per BWP
· UE can be configured to transmit up to 128 SRS resources for positioning across all SRS resource Sets on all BWPs
· UE can be configured to transmit up to total 32 SRS Resource Sets for positioning per BWP
In previous RAN1#98bis meeting, the following agreement was achieved regarding power control of UL SRS for positioning.
	Agreement:
· The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
· A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
· FFS: Value of N
· There is at most one pathloss reference per SRS resource set configured.
· Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.


In Rel-15, up to four pathloss estimates per serving cell are currently specified for PUSCH/PUCCH/SRS transmissions for a UE. There’s argument in RAN1#98b that current up to 4 SRS pathloss references specified in Rel-15 for serving cell may be used towards neighboring cell(s). However, we think this may adversely affect the SRS transmission for non-positioning purpose. Note that the motivation of configuring some additional pathloss estimates across all SRS resource sets for positioning is to control UE’s transmission power targeting at neighboring cell(s). Considering the practical usage case and potential UE capability impact, we think 4 additional pathloss estimates across all SRS resource sets for positioning is reasonable.
Proposal 6: A UE does not expect to simultaneously maintain more than four additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
4. Conclusion
In this contribution, we discuss UE capabilities for NR positioning with the following proposals.
Proposal 1: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 256 total number of DL PRS resources within
· Up to 12 positioning frequency layers
· Up to 24 TRPs per positioning frequency layer
· Up to 8 DL PRS resource sets per TRP
· Up to 64 DL PRS resources per PRS resource set
Proposal 2: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 32 TRPs.
[bookmark: _GoBack]Proposal 3: Support to configure UE to report up to 4 DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability.
Proposal 4: UE can be configured to measure and report up to 4 DL PRS RSRP measurements on different DL PRS resources from the same TRP.
Proposal 5: UE can be configured to transmit up to 16 SRS resources for positioning per SRS resource Set per BWP
· UE can be configured to transmit up to 128 SRS resources for positioning across all SRS resource Sets on all BWPs
· UE can be configured to transmit up to total 32 SRS Resource Sets for positioning per BWP
Proposal 6: A UE does not expect to simultaneously maintain more than four additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
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