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Introduction
In this contribution, we provide our views on UE features for expanded and improved NR positioning.
Discussion
Sidelink positioning related UE features
The following agreements had been agreed in RAN1#112 related to UE features for sidelink positioning [1].
	Agreement 
Support SCS values for SL PRS include:
· 15 kHz, 30 kHz, 60 kHz for FR1, and 60 kHz, 120 kHz for FR2
· Which SCS values are required, and which ones are optional follow Rel-16 UE capabilities.

Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability



According to the above 1st agreement, RAN1 has agreed that the supporting SCS values for SL PRS transmission include 15 kHz, 30 kHz, 60 kHz for FR1, and 60 kHz, 120 kHz for FR2. Which SCS values are required, and which ones are optional follow Rel-16 UE capabilities. Then, Rel-16 UE capabilities on SCS values for SL data transmission should be reused for Rel-18 UE capabilities on SCS values for SL PRS transmission.
Therefore, regarding the UE capabilities to support SCS values for SL PRS, the following component S1 should be included, which follow Rel-16 UE capabilities:
· Component S1 name: UE can receive using certain subcarrier spacing(s) with normal CP in FR1, certain subcarrier spacing(s) with normal CP in FR2.
· Component S1 candidate values:
· Candidate value set in FR1: {{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
· Candidate value set in FR2: {{60 kHz}, {120 kHz}, {60, 120 kHz}}.

[bookmark: P1]Proposal : Regarding the UE capabilities to support SCS values for SL PRS, the following component S1 should be included, which follow Rel-16 UE capabilities:
· Component S1 name: UE can receive using certain subcarrier spacing(s) with normal CP in FR1, certain subcarrier spacing(s) with normal CP in FR2.
· Component S1 candidate values:
· Candidate value set in FR1: {{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
· Candidate value set in FR2: {{60 kHz}, {120 kHz}, {60, 120 kHz}}.
According to the above 2nd agreement, RAN1 has agreed that TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools. Whether or not this is a separate UE capability should be further studied. In our view, TDM multiplexing of SL-PRS from different UEs in a slot means that the UE needs to detect and decode the starting OFDM symbols and occupied OFDM symbols of multiple possible SL-PRS resources in the same time slot, which means higher hardware requirements for the UE. Therefore, TDM-based multiplexing of SL PRS from different UEs in a slot for dedicated resource pools should be a separate UE capability, corresponding component S2 as follows: 
· Component S2 name: UE can transmit TDM-based multiplexing of SL PRS with another UE(s) in a slot for dedicated resource pool(s).
· Component S2 candidate values: {support, not support}.

[bookmark: P2]Proposal : TDM-based multiplexing of SL PRS from different UEs in a slot for dedicated resource pools should be a separate UE capability, corresponding component S2 as follows: 
· Component S2 name: UE can transmit TDM-based multiplexing of SL PRS with another UE(s) in a slot for dedicated resource pool(s).
· Component S2 candidate values: {support, not support}.

Carrier phase positioning related UE features
In this section, we discuss the UE features related to NR carrier phase positioning based on the following agreements. 
	Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP

Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP

Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements

Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.

Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap
· UE in RRC_ INACTIVE state

Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_ INACTIVE state



1.1.1 UE Capabilities for CPP
Based on RAN1’s agreements, the NR DL carrier phase measurement is measured at the same time as legacy measurements from the same DL PRS signals and reported together with the legacy measurements. For UE-assisted CPP, DL RSCP can be reported together with UE Rx – Tx time difference measurement. DL RSCPD can be reported together with RSTD measurement. Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed. In addition, RAN1 has agreed to support reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including UE in RRC_CONNECTED state with measurement gap and UE in RRC_ INACTIVE state. It is still FFS for UE in RRC_CONNECTED state without measurement gap.
Thus, it is reasonable to propose introduce a new UE capability for supporting the CPP, and under which there will be separate capabilities for different scenarios.
[bookmark: P3]Proposal : Introduce a new UE capability for UE supporting CPP, and additional capabilities for supporting CPP in different scenarios. For example,
· FG x-1: Supporting CPP.
· FG x-1a:  Simultaneously reporting RSCPD with RSTD measurement.
· FG x-1b:  Simultaneously reporting RSCP with UE Rx-Tx time difference measurement.
· FG x-1c:  UE-based CPP.
· FFS: where the capability is per UE, or per FR1/FR2, or per band.
· FFS: where to have separate capability for RRC_CONNECTED and RRC_INACTIVE modes.

1.1.2 Common DL PRS Processing Capability for CPP
The Table 5.1.5-1 in TR 38.822 [3] provides the Layer-1 feature list for NR positioning. Among them, FG 13-1 defines the Common DL PRS Processing Capability for UE DL PRS processing for a single positioning frequency layer, which includes the components of: a) Maximum DL PRS bandwidth in MHz; 2) DL PRS buffering capability; 3) DL PRS symbols N in units of ms a UE can process every T ms; and 4) Max number of DL PRS resources that UE can process in a slot. For Rel-18 CPP, CPP only supports a single PFL. Based on RAN1’s agreements, the NR DL carrier phase measurement can be measured at the same time as legacy measurements from the same DL PRS signals and reported together with the legacy measurements. Thus, it is reasonable to propose FG 13-1 Common DL PRS Processing Capability also applies to all DL PRS measurements incuding the carrier phase measurements.
[bookmark: P4]Proposal : Conclude that FG 13-1 Common DL PRS Processing Capability defined in TR 38.822 is applicable also applicable to DL CPP.

1.1.3 DL PRS Resources Capability for CPP
In TR 38.822, UE’s capability for processing the maximum number of DL PRS resources per DL per DL PRS Resource Set and Max number of DL PRS Resources per positioning frequency layer are defined separately for different positioning methods. For example, FG 13-3 defines “the DL PRS Resources for DL-TDOA”, under which FG 13-3a defines “DL PRS Resources for DL-TDOA on a band”, and FG 13-3b defines “DL PRS Resources for DL-TDOA on a band combination”. 

For Rel-18, RAN1 has reached the agreement to support reporting RSCPD with RSTD measurements and RSCP with the UE Rx-Tx time difference measurements. Therefore, it is reasonable to propose that for a UE that supports RSCPD, its capability of DL PRS Resources for DL-TDOA as indicated by FG 13-3 and FG 13-3a apply to RSCPD. It should be noted that FG 13-3b is not applicable for CPP in Rel-18, since in Rel-18 only single DL PFL is supported. Similarly, for a UE supports RSCP, its capability of FG 13-4 and FG 13-4a for DL PRS Resources for Multi-RTT also apply to RSCP.
[bookmark: P5]
Proposal : The following capabilities of a UE for DL-TDOA in a DL PFL also apply to RSCPD if the UE supports reporting RSCPD together with RSTD measurements in the DL PFL:
· In FG 13-3,
· Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
· Max number of TRPs across all positioning frequency layers per UE
· In FG 13-3a
· Max number of DL PRS Resources per DL PRS Resource Set
[bookmark: P6]
Proposal : The following capabilities of a UE for Multi-RTT in a DL PFL also apply to RSCP if the UE supports reporting RSCP together with UE Rx-Tx time difference measurements in the DL PFL:
· In FG 13-4
· Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
· Max number of TRPs across all positioning frequency layers per UE
· In FG 13-4a
· Max number of DL PRS Resources per DL PRS Resource Set
In TR 38.822 [3], there are other additional capabilities are defined for DL PRS processing. These capabilities are not related to specific positioning method, and thus, should be applicable for CPP.
· [bookmark: _GoBack]13-7	Support of SSB from neighbour cell as QCL source of a DL PRS
· 13-7a	Support of DL PRS from serving/neighbour cell as QCL source of a DL PRS
[bookmark: P7]Proposal : For any of the UE capabilities related to DL PRS Processing defined in 38.822, if it is not limited to a specific positioning method (e.g., FG 13-7, 13-7a), it is also applicable to DL PRS Processing for DL CPP.

1.1.4 UL SRS Resources Capability for UL CPP
In TR 38.822, the UE’s capabilities, FG 13-8/13-8x (x=a, b, c, d, e), are defined for SRS resources for positioning, the UE’s capabilities, FG 13-9/13-9x (x=a, b, e, f), are defined for OLPC of SRS resources for positioning, the UE’s capabilities, FG 13-10/13-10x (x= a, b, c, d,  e, f), are defined for Spatial relation for SRS for positioning, and the UE’s capabilities, FG 13-19/13-19a are defined for Simultaneous positioning SRS and MIMO SRS transmission. Since there is no change on the transmission of SRS resources for positioning specifically for supporting UL CPP, all of these existing UE’s UL positioning capabilities are applicable for UL CPP. There is no need to add or change these UE UL capabilities specifically for UL CPP.
[bookmark: P8]Proposal : Conclude that existing UE capabilities related to UL SRS Resource for positioning are applicable for NR UL CPP.

1.1.5 UE DL PRS processing capabilities for measurement outside MG
In Rel-17, the following capabilities are introduced for DL PRS processing and reporting of the PRS measurements for DL PRS measurement outside MG. 
· 27-3-2	DL PRS measurement outside MG and in a PRS processing window
· 27-3-3	DL PRS Processing Capability outside MG - buffering capability
In our view, these capabilities should be applicable when RSCP and RSCPD are measured together with UE Rx-Tx measurements/RSTD and therefore no need to introduce additional capabilities.

[bookmark: P9]Proposal : Conclude that existing UE DL positioning capabilities for DL PRS measurements outside MG are applicable for NR DL CPP. 


1.1.6 UE capabilities for low latency measurement
In Rel-17, the following capabilities are introduced for low latency PRS measurements
· 27-3-1	M-sample measurements in RRC_CONNECTED
· 27-7	Multiple measurement instances which can be included in a single measurement report	
· 27-10	Support of UL MAC CE based MG activation request for PRS measurements
· 27-10a	Low latency MG activation request for PRS measurements
These capabilities should be applicable when RSCP and RSCPD are measured together with UE Rx-Tx measurements/RSTD and therefore no need to introduce additional capabilities.

[bookmark: P10]Proposal : Conclude that existing UE DL positioning capabilities for low latency measurements are applicable for NR DL CPP. 

1.1.7 UE DL CPP capabilities in RRC_INACTIVE state
FG 27-6	defines “DL PRS processing capabilities in RRC inactive state”. FG 27-17 defines “PRS processing in RRC_INACTIVE” for DL RSTD, DL PRS-RSRP, or UE Rx – Tx time difference measurement. In addition, separate capabilities are defined for the support of PRS measurement in RRC_INACTIVE state, e.g., FG 27-18a for DL-TDOA and 27-18c for Multi-RTT. Thus, we suggest adding the corresponding capabilities for RSCP and RSCPD measurements. 

[bookmark: P11]Proposal : Introduce a new UE capability for the support of PRS measurement in RRC_INACTIVE state for RSCPD measurements with FG 17-18a as the pre-FG.
· FFS: details of the capability.

[bookmark: P12]Proposal : Introduce a new UE capability for the support of PRS measurement in RRC_INACTIVE state for RSCP measurements with FG 17-18c as the pre-FG.
· FFS: details of the capability

1.1.8 UE UL CPP capabilities in RRC_INACTIVE state
UE capabilities related to Positioning SRS transmission, OLPC in RRC_INACTIVE state, special relation for positioning SRS in RRC_INACTIVE state are defined in FG 27-15/15x (x=a, b. c),  FG 27-16/16a, 27-19/19a. We don’t see a need to introduce new UE UL CPP capabilities in RRC_INACTIVE state for NR UL CPP.

[bookmark: P13]Proposal : Existing UE UL positioning capabilities for UE UL positioning capabilities are applicable for NR CPP in RRC_INACTIVE state. Thus, no need to introduce new or modify existing UE UL positioning capabilities for NR CPP in RRC_INACTIVE state.

LPHAP related UE features
In this section, we discuss the UE features related to LPHAP. 
	Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.


Based on above agreements, for LPHAP, it seems RAN1 needs to introduce a new UE capability for a UE that supports LPHAP in RRC_INACTIVE state.
For a UE supporting LPHAP in RRC_INACTIVE state, two cases for the spatial relation of an SRS for positioning configuration, e.g., when the spatial relation information is absent in the configuration and when the spatial relation information is provided in the configuration. Thus, RAN1 may need to further discuss whether the UE is mandatary to support both cases or there is need to introduce separate capabilities. In our view, a UE is required to support both cases, and thus no need to introduce separate capabilities.
For the OLPC, the pathloss RS may be absent in the configuration. In this case, the UE is required to determine the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS. 
[bookmark: P14]Proposal : Introduce a new UE UL positioning capability for UE supporting LPDHP in RRC_INACTIVE state
· FFS: details of the capability

Bandwidth aggregation for positioning measurements related UE features
In this section, we discuss the UE features related to NR carrier phase positioning based on the following agreements. 
	
Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 
· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.

Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details

Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.

Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs

Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation
· Support single MAC CE activating positioning SRS resource sets across the linked carriers
· FFS whether support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. Study a single DCI scheduling positioning SRS across the linked carriers, and check whether the conclusion/agreements in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI can be reused
· FFS MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way


Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


Agreement
At least from UE capability perspective, the UE support of positioning SRS bandwidth aggregation in RRC_CONNECTED state is decoupled from the UE support of communication CA.


Agreement
Introduce new UE capability(-ies) to support PRS bandwidth aggregation measurement
· FFS the details include the processing capability (N, T), the maximum number of PRS resources that can be process in a slots over the aggregation
· FFS the details on the PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth, etc.
· This is applicable for DL-TDOA and Multi-RTT positioning methods
 

Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point

Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated



1.1.9 UE Capabilities for DL BW aggregation positioning
In DL side, a UE may support PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states. Thus, we may consider separate UE capabilities for RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states.

For a UE supporting PRS measurement across multiple aggregated PFLs, the UE may support maximumly two or three PFLs, and the capability may be band or per band combinations dependent, or per UE or per frequency range. These should be considered as the components of the capability.

Thus, for DL BW aggregation positioning, we may need to consider the following capabilities:

[bookmark: P15]Proposal : Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_CONNECTED state.
· FFS: separate capabilities for UE-assisted and UE-based.
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE).

[bookmark: P16]Proposal : Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_INACTIVE state.
· FFS: separate capabilities for UE-assisted and UE-based
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE)

[bookmark: P17]Proposal : Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_IDLE state.
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE)

1.1.10 UE Capabilities for UL BW aggregation positioning
In UL side, it was agreed that positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED and in RRC_INACTIVE state. For RRC_CONNECTED mode, it was agreed to support periodic, semi-persistent positioning SRS and aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. we may consider separate UE capabilities for RRC_CONNECTED and RRC_INACTIVE states. For each capability, there is a need to further consider the maximum number of carriers, the SRS transmission mode, etc.

[bookmark: P18]Proposal : Introduce a new UE capability for UE supporting the UL bandwidth aggregation across two or three carriers for RRC_CONNECTED mode.
· FFS: the capability components, e.g., the maximum number of UL carriers (or per band or per band combinations or per FR1/FR2, or per UE)
· FFS: whether to have separate capabilities or components for periodic, semi-persistent SRS and aperiodic positioning SRS

[bookmark: P19]Proposal : Introduce a new UE capability for UE supporting the UL bandwidth aggregation across two or three carriers for RRC_INACTIVE mode.
· FFS: the capability components, e.g., the maximum number of UL carriers (or per band or per band combinations or per FR1/FR2, or per UE)
· FFS: whether to have separate capabilities or components for periodic, semi-persistent SRS and aperiodic positioning SRS


RedCap UEs Positioning related UE features
The following agreements had been agreed in RAN1#112 and RAN1#112bis-e related to UE features for RedCap UEs Positioning [1][2].
	Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW

Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules



According to the above 1st agreement, RAN1 had agreed that for RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap, and the details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG should be further studied. In our view, regarding the UE capabilities to support the RedCap UE measurements on DL PRS with Rx frequency hopping using a measurement gap, the following component R1 should be included:
· Component R1 name: RedCap UE can measure DL PRS with Rx frequency hopping using a measurement gap
· Component R1 candidate values: {support, not support}

[bookmark: P20]Proposal : Regarding the UE capabilities to support the RedCap UE measurements on DL PRS with Rx frequency hopping using a measurement gap, the following component R1 should be included:
· Component R1 name: RedCap UE can measure DL PRS with Rx frequency hopping using a measurement gap
· Component R1 candidate values: {support, not support}

According to the above 2nd agreement, RAN1 had agreed that for RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the above two options in the 2nd agreement, according to UE capabilities. In our view, for RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, whether to support one or both of the two options should be UE capabilities, and the following component R2 should be included:
· Component R2 name: RedCap UE can support the Option 1 and/or Option 2 to handle the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping.
· Component R2 candidate values: {support Option 1, support Option 2, support both Option 1 and Option 2}
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit frequency hopping SRS for positioning.
· Option 2: Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels.

[bookmark: P21]Proposal : For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, whether to support one or both of the two options should be UE capabilities, and the following component R2 should be included:
· Component R2 name: RedCap UE can support the Option 1 and/or Option 2 to handle the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping.
· Component R2 candidate values: {support Option 1, support Option 2, support both Option 1 and Option 2}
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit frequency hopping SRS for positioning.
· Option 2: Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels.
[bookmark: _Ref36559580]Conclusion
In this contribution, we provide our views on UE features for expanded and improved NR positioning. Our proposals are given as follows:
Proposal 1: Regarding the UE capabilities to support SCS values for SL PRS, the following component S1 should be included, which follow Rel-16 UE capabilities:
· Component S1 name: UE can receive using certain subcarrier spacing(s) with normal CP in FR1, certain subcarrier spacing(s) with normal CP in FR2.
· Component S1 candidate values:
· Candidate value set in FR1: {{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
· Candidate value set in FR2: {{60 kHz}, {120 kHz}, {60, 120 kHz}}.
Proposal 2: TDM-based multiplexing of SL PRS from different UEs in a slot for dedicated resource pools should be a separate UE capability, corresponding component S2 as follows: 
· Component S2 name: UE can transmit TDM-based multiplexing of SL PRS with another UE(s) in a slot for dedicated resource pool(s).
· Component S2 candidate values: {support, not support}.
Proposal 3: Introduce a new UE capability for UE supporting CPP, and additional capabilities for supporting CPP in different scenarios. For example,
· FG x-1: Supporting CPP.
· FG x-1a:  Simultaneously reporting RSCPD with RSTD measurement.
· FG x-1b:  Simultaneously reporting RSCP with UE Rx-Tx time difference measurement.
· FG x-1c:  UE-based CPP.
· FFS: where the capability is per UE, or per FR1/FR2, or per band.
· FFS: where to have separate capability for RRC_CONNECTED and RRC_INACTIVE modes.
Proposal 4: Conclude that FG 13-1 Common DL PRS Processing Capability defined in TR 38.822 is applicable also applicable to DL CPP.
Proposal 5: The following capabilities of a UE for DL-TDOA in a DL PFL also apply to RSCPD if the UE supports reporting RSCPD together with RSTD measurements in the DL PFL:
· In FG 13-3,
· Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
· Max number of TRPs across all positioning frequency layers per UE
· In FG 13-3a
· Max number of DL PRS Resources per DL PRS Resource Set
Proposal 6: The following capabilities of a UE for Multi-RTT in a DL PFL also apply to RSCP if the UE supports reporting RSCP together with UE Rx-Tx time difference measurements in the DL PFL:
· In FG 13-4
· Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
· Max number of TRPs across all positioning frequency layers per UE
· In FG 13-4a
· Max number of DL PRS Resources per DL PRS Resource Set
Proposal 7: For any of the UE capabilities related to DL PRS Processing defined in 38.822, if it is not limited to a specific positioning method (e.g., FG 13-7, 13-7a), it is also applicable to DL PRS Processing for DL CPP.
Proposal 8: Conclude that existing UE capabilities related to UL SRS Resource for positioning are applicable for NR UL CPP.
Proposal 9: Conclude that existing UE DL positioning capabilities for DL PRS measurements outside MG are applicable for NR DL CPP. 
Proposal 10: Conclude that existing UE DL positioning capabilities for low latency measurements are applicable for NR DL CPP. 
Proposal 11: Introduce a new UE capability for the support of PRS measurement in RRC_INACTIVE state for RSCPD measurements with FG 17-18a as the pre-FG.
· FFS: details of the capability.
Proposal 12: Introduce a new UE capability for the support of PRS measurement in RRC_INACTIVE state for RSCP measurements with FG 17-18c as the pre-FG.
· FFS: details of the capability
Proposal 13: Existing UE UL positioning capabilities for UE UL positioning capabilities are applicable for NR CPP in RRC_INACTIVE state. Thus, no need to introduce new or modify existing UE UL positioning capabilities for NR CPP in RRC_INACTIVE state.
Proposal 14: Introduce a new UE UL positioning capability for UE supporting LPDHP in RRC_INACTIVE state
· FFS: details of the capability
Proposal 15: Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_CONNECTED state.
· FFS: separate capabilities for UE-assisted and UE-based.
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE).
Proposal 16: Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_INACTIVE state.
· FFS: separate capabilities for UE-assisted and UE-based
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE)
Proposal 17: Introduce a new UE capability for UE supporting the DL bandwidth aggregation across two or three PFLs for RRC_IDLE state.
· FFS: the capability components, e.g., the maximum number of DL PFLs (or per band or per band combinations or per FR1/FR2, or per UE)
Proposal 18: Introduce a new UE capability for UE supporting the UL bandwidth aggregation across two or three carriers for RRC_CONNECTED mode.
· FFS: the capability components, e.g., the maximum number of UL carriers (or per band or per band combinations or per FR1/FR2, or per UE)
· FFS: whether to have separate capabilities or components for periodic, semi-persistent SRS and aperiodic positioning SRS
Proposal 19: Introduce a new UE capability for UE supporting the UL bandwidth aggregation across two or three carriers for RRC_INACTIVE mode.
· FFS: the capability components, e.g., the maximum number of UL carriers (or per band or per band combinations or per FR1/FR2, or per UE)
· FFS: whether to have separate capabilities or components for periodic, semi-persistent SRS and aperiodic positioning SRS
Proposal 20: Regarding the UE capabilities to support the RedCap UE measurements on DL PRS with Rx frequency hopping using a measurement gap, the following component R1 should be included:
· Component R1 name: RedCap UE can measure DL PRS with Rx frequency hopping using a measurement gap
· Component R1 candidate values: {support, not support}
Proposal 21: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, whether to support one or both of the two options should be UE capabilities, and the following component R2 should be included:
· Component R2 name: RedCap UE can support the Option 1 and/or Option 2 to handle the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping.
· Component R2 candidate values: {support Option 1, support Option 2, support both Option 1 and Option 2}
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit frequency hopping SRS for positioning.
· Option 2: Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels.
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