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Introduction
The Release 18 NR Expanded and Improved Positioning work item was approved in RAN #94e meeting [1] with the following objectives:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems. 
· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods
· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 
· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers 
· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning 
· Define extensions of signalling, protocol, and procedure for NR positioning enhancement, as needed for the above objectives [RAN3].

In this contribution, we discuss the UE features on for the various objectives of the work item.

Sidelink Positioning

In RAN1 #113, the following baseline FGs were agreed [2]: 
	41. NR_pos_enh2
	41-1-1
	Common SL PRS Processing Capability [across all resource pools]
	FFS: separate rows for [for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided] incl SL-PRS resources

	41. NR_pos_enh2
	41-1-2
	Receiving SL-PRS in a shared resource pool
	

	41. NR_pos_enh2
	41-1-3
	Receiving SL-PRS in a dedicated resource pool
	

	41. NR_pos_enh2
	41-1-4a
	Transmitting SL-PRS [scheme 1 and scheme 2] in a [shared/dedicated] resource pool 
	

	41. NR_pos_enh2
	41-1-4b
	Transmitting SL-PRS scheme 1 in a dedicated resource pool 
	

	41. NR_pos_enh2
	41-1-4c
	Transmitting SL-PRS scheme 2 in a dedicated resource pool
	

	41. NR_pos_enh2
	41-1-5
	SL-PRS congestion control [in a dedicated/shared resource pool] 
	

	41. NR_pos_enh2
	41-1-7
	SL PRS measurement for [SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided] 
	

	41. NR_pos_enh2
	41-1-8
	Support of random selection [in a dedicated resource pool] 
	FFS: merge with 41-1-4

	41. NR_pos_enh2
	41-1-10
	Support of [full\partial] sensing [in a dedicated resource pool]
	FFS: merge with 41-1-4

	41. NR_pos_enh2
	41-1-11
	TDM-based multiplexing of SL-PRS [transmission/reception] from different UEs in the same slot
	

	41. NR_pos_enh2
	41-1-12
	Comb-based multiplexing for SL-PRS [transmission/reception] from different UEs in the same slot
	

	41. NR_pos_enh2
	41-1-13
	Reporting the additional paths for SL positioning
	

	41. NR_pos_enh2
	41-1-14
	LoS/NLoS indicator for SL positioning
	

	41. NR_pos_enh2
	41-1-17
	Open loop SL power control and SL RSRP report [in dedicated resource pool]
	FFS: merge with 41-1-4 for SL PC and 41-1-3 for RSRP report

	41. NR_pos_enh2
	41-1-19
	UE can provide ARP location support for sidelink as assistance data 
	

	41. NR_pos_enh2
	41-1-19a
	Report of ARP-ID with SL positioning measurements
	



Proposal 1: For sidelink positioning the following capabilities  should be defined:
· For FG 41-1-1, separate rows should be defined for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided
· This should include  the capability for SL PRS resources for each of the SL positioning methods being specified in terms number of resources across SL-BWP, UEs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size
· Capability defining the UE SL PRS Processing Capability in terms of BW, buffering Capability , duration of N symbols it can process in T symbols, # of SL-PRS resources it can process in a defined time duration (N/T)
· Capability defining  OLPC for each SL positioning method

Proposal 2:
· For 41-1-4a “Transmitting SL-PRS [scheme 1 and scheme 2] in a [shared/dedicated] resource pool”, separate into scheme 1 and scheme 2 to mirror FG15-2 “UE can transmit PSCCH/PSSCH using dynamic scheduling or configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu.”and FG 15-3 “UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu or preconfiguration.”  in legacy. 

Proposal 3:
· For FG 41-1-7 “SL PRS measurement for [SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided]”, separate rows should be defined for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided



carrier phase positioning

In RAN1 #113, the following baseline FGs were agreed [2]: 
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	41. NR_pos_enh2
	41-2-1
	DL RSCP[\RSCPD] reporting based on DL PRS in RRC_CONNECTED [at least with measurement gap]
	FFS: separate rows for DL PRS processing capabilities\measurement for CPP measurements in RRC_CONNECTED

	41. NR_pos_enh2
	41-2-1(a)
	DL RSCPD reporting based on DL PRS in RRC_CONNECTED 
	

	41. NR_pos_enh2
	41-2-2
	DL RSCP[\RSCPD] reporting based on DL PRS in RRC_INACTIVE
	FFS: separate rows for DL PRS processing capabilities\measurement for CPP measurements in RRC_INACTIVE

	41. NR_pos_enh2
	41-2-2(a)
	DL RSCPD reporting based on DL PRS in RRC_INACTIVE
	

	41. NR_pos_enh2
	41-2-3
	Measurement on indicated DL PRS resource sets [within the indicated time window(s) for UE based and UE assisted]

	

	41. NR_pos_enh2
	41-2-4
	UE-based Carrier Phase Positioning
	Components are 
1. Support of carrier phase measurement 
2. Support of Assistance data for UE-based Carrier Phase Positioning



CPP Support and Capabilities
In RAN1 #112, the following agreement was made [8]:
	Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.

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
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.




To support CP positioning in Rel-18, it is necessary to discuss what CP positioning means and the capability of the devices performing the measurements and position estimation. There is a need to enable a device to indicate (a) whether it is capable of a carrier phase measurement (b) whether it supports carrier phase positioning or double difference CPP (as a PRU) and (d) its processing capability while doing so.

There is a need to indicate the capabilities of the UE, TRP  and LMF for CPP. This could be at  least one of the following:
· UE Capabilities for Carrier Phase Measurement and reporting i.e. can the UE perform a single frequency measurement or multiple frequency measurements within a PFL for CPP reporting
· PRU capability and configuration for double difference CPP i.e. can a UE serve as a PRU for CPP based on the accuracy of its position and measurement capabilities of the network such as simultaneous transmission/measurement of SRS/PRS ?
· Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF. For the UE, this should be subject to a UE capability.



UE processing Capability

In Rel-16/17 positioning, the FG 13-1: Common DL PRS Processing Capability captures the UE’s processing capabilities. Updates for CPP may be needed as follows: 
· Maximum DL PRS bandwidth in MHz, which is supported and reported by UE: 
· No change needed
· DL PRS buffering capability: Type 1 (sub-slot/symbol level buffering) or Type 2 (slot level buffering): 
· No change needed
· 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: 
· There may be a need to update the UE’s processing capability especially with joint traditional positioning with CPP due to the additional measurements needed. This could be done by updating the current set of values or by adding a CPP specific increase to to accommodate additional carrier phase measurements / processing
· Max number of DL PRS resources that UE can process in a slot under it for FR1 and FR2 bands: 
· No change needed

Proposal 4: 
· In FG 41-2-3, remove brackets from sentence “within the indicated time window(s) for UE based and UE assisted”

Proposal 5: RAN1 should discuss the capabilities of the UE, TRP  and LMF for CPP. This could be one of the following:
· UE Capabilities for Carrier Phase Measurement and reporting i.e. can the UE perform a single frequency measurement or multiple frequency measurements within a PFL for CPP reporting
· PRU capability and configuration for double differential CPP i.e. can a UE serve as a PRU for CPP based on the accuracy of its position and measurement capabilities ?
· Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF. For the UE, this should be subject to a UE capability.

Proposal 6: for the UE’s positioning processing capability, the “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” should be updated especially in the case of joint traditional positioning with CPP due to the additional measurements needed. 



LPHAP
In RAN1 #113, the following baseline FGs were agreed [2]:
	41. NR_pos_enh2
	41-3-1
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP 
	

	41. NR_pos_enh2
	41-3-2
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state configured outside initial UL BWP
	

	41. NR_pos_enh2
	41-3-3
	[Processing capability for/Support of] PRS in RRC_IDLE 
	FFS: separate row for processing capability 
FFS: separate rows per method 



Proposal 7:
For enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 the following CAPABILITYs should be defined
· A basic capability indicating support for extending eDRX cycle beyond 10.24s in RRC_INACTIVE state


bandwidth aggregation
In RAN1 #113, the following baseline FGs were agreed [2]: 
	41. NR_pos_enh2
	41-4-1
	DL PRS processing capabilities for aggregated PRS processing [of 2 PFLs] in intra-band contiguous [within a MG] [for RRC_CONNECTED sate, RRC_INACTIVE state, RRC_IDLE]
	FFS: separate row for number of PFLs
FFS: total aggregated BW and BW combinations

	41. NR_pos_enh2
	41-4-3
	Support of PRS bandwidth aggregation in RRC_CONNECTED — DL-TDOA [and Multi-RTT]
	

	41. NR_pos_enh2
	41-4-3a
	Support of PRS bandwidth aggregation in RRC_CONNECTED —Multi-RTT
	

	41. NR_pos_enh2
	41-4-4
	Support of PRS bandwidth aggregation in RRC_ INACTIVE — DL-TDOA [and Multi-RTT]
	

	41. NR_pos_enh2
	41-4-4a
	Support of PRS bandwidth aggregation in RRC_ INACTIVE —Multi-RTT
	

	41. NR_pos_enh2
	41-4-5
	Support of PRS bandwidth aggregation in RRC_IDLE [— DL-TDOA and Multi-RTT]
	

	41. NR_pos_enh2
	41-4-6
	Support of positioning SRS bandwidth aggregation in RRC_CONNECTED — UL-TDOA [and Multi-RTT]
	

	41. NR_pos_enh2
	41-4-7
	Support of positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED — UL-TDOA [and Multi-RTT]
	

	41. NR_pos_enh2
	41-4-8
	Support of positioning SRS bandwidth aggregation in RRC_INACTIVE — UL-TDOA [and Multi-RTT]
	



In RAN1 #112-bis-e the following agreement was reached [10]:
	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




The UE DL PRS processing capability is defined for positioning UEs in Rel-16/Rel17. This may need to be  updated for PRS BW aggregation. Typically, the UE reports one combination of (N, T) values per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE. In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time).

Given the possibility of multiple PFL processing with bandwidth aggregation, there is a need to 
(a) support for multiple PFL processing should be allowed and 
(b) the values of N and T may need to be adjusted to accommodate this. 

Additionally, UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth, which is reported per SCS per band. 

When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 

Proposal 8:
For bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers  the following capabilities should be defined
· the basic capability indicating support for DL PRS bandwidth aggregation for the different positioning methods shouldy include maximum # of DL PRS aggregated.
· the basic capability indicating support for UL SRS bandwidth aggregation should include maximum # of UL SRS aggregated.
· Capability for DL-PRS resources that can be processed over the aggregation e.g. number of resources across aggregated BW, TRPs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size.
· Capability for PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth.

Proposal 9: In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported. Support for multiple PFL processing should be allowed  and the values of N and T may need to be adjusted to accommodate this where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE

Proposal 10: The UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth. 

Proposal 11: When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 

RedCap positioning 
In RAN1 #113, the following baseline FGs were agreed [2]:
	41. NR_pos_enh2
	41-5-1
	Support of PRS with Rx frequency hopping [and measurement report] [within a MG] [in RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE] for RedCap UEs 
	FFS: One component is Frequency domain overlap(s) between hops
FFS: separate row for processing capability

	41. NR_pos_enh2
	41-5-2
	Support of positioning SRS with Tx frequency hopping [in RRC_CONNECTED/RRC_INACTIVE] for RedCap UEs
	FFS: One component is Frequency domain overlap(s) between hops
FFS: separate row for processing capability



Capability and Complexity Considerations based including BWP switching and retuning
In RAN1 #112, the following agreements were reached [11]:
	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




For the UE DL PRS processing capability, the UE reports one combination of (N, T) values per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE. The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum DL PRS BW in MHz, reported by UE:
· For FR1: {5, 10, 20, 40, 50, 80, 100} MHz
· For FR2: {50, 100, 200, 400} MHz
Note: that the reporting of (N, T) values for maximum BW in MHz is not dependent on SCS. Given need for BWP switching and/or RF retuning of the PRS/P-SRS as it spans the positioning bandwidth, the existing sets of values may need to be adjusted as the Maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning

Proposal 12:
For positioning for UEs with Reduced Capabilities (RedCap UEs) the following CAPABILITYs should be defined
· A separate row with details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG: Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS transmission/total bandwidth in MHz, which is supported and reported by UE
· A separate row with details on on RedCap UE processing capabilities for  SL-PRS: resources for each positioning method e.g. number of resources across SL-BWP, UEs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size (per hop or across multiple hops)
· A FG indicting support for a shorter RF switching time to allow RF retuning between adjacent hops
· A FG (or components) on the bandwidth of each hop, the amount of overlap between hops and the number of hops for both PRS and SRS for positioning.



Conclusion
In this contribution, the following observations and proposals were made:

Sidelink Positioning
Proposal 1: For sidelink positioning the following capabilities  should be defined:
· For FG 41-1-1, separate rows should be defined for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided
· This should include  the capability for SL PRS resources for each of the SL positioning methods being specified in terms number of resources across SL-BWP, UEs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size
· Capability defining the UE SL PRS Processing Capability in terms of BW, buffering Capability , duration of N symbols it can process in T symbols, # of SL-PRS resources it can process in a defined time duration (N/T)
· Capability defining  OLPC for each SL positioning method

Proposal 2:
· For 41-1-4a “Transmitting SL-PRS [scheme 1 and scheme 2] in a [shared/dedicated] resource pool”, separate into scheme 1 and scheme 2 to mirror FG15-2 “UE can transmit PSCCH/PSSCH using dynamic scheduling or configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu.”and FG 15-3 “UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu or preconfiguration.”  in legacy. 

Proposal 3:
· For FG 41-1-7 “SL PRS measurement for [SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided]”, separate rows should be defined for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided

Carrier Phase Positioning
Proposal 4: 
· In FG 41-2-3, remove brackets from sentence “within the indicated time window(s) for UE based and UE assisted”

Proposal 5: RAN1 should discuss the capabilities of the UE, TRP  and LMF for CPP. This could be one of the following:
· UE Capabilities for Carrier Phase Measurement and reporting i.e. can the UE perform a single frequency measurement or multiple frequency measurements within a PFL for CPP reporting
· PRU capability and configuration for double differential CPP i.e. can a UE serve as a PRU for CPP based on the accuracy of its position and measurement capabilities ?
· Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF. For the UE, this should be subject to a UE capability.

Proposal 6: for the UE’s positioning processing capability, the “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” should be updated especially in the case of joint traditional positioning with CPP due to the additional measurements needed. 


LPHAP
Proposal 7:
For enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 the following CAPABILITYs should be defined
· A basic capability indicating support for extending eDRX cycle beyond 10.24s in RRC_INACTIVE state

Bandwidth Aggregation

Proposal 8:
For bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers  the following capabilities should be defined
· the basic capability indicating support for DL PRS bandwidth aggregation for the different positioning methods shouldy include maximum # of DL PRS aggregated.
· the basic capability indicating support for UL SRS bandwidth aggregation should include maximum # of UL SRS aggregated.
· Capability for DL-PRS resources that can be processed over the aggregation e.g. number of resources across aggregated BW, TRPs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size.
· Capability for PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth.

Proposal 9: In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported. Support for multiple PFL processing should be allowed  and the values of N and T may need to be adjusted to accommodate this where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE

Proposal 10: The UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth. 

Proposal 11: When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 

RedCap
Proposal 12:
For positioning for UEs with Reduced Capabilities (RedCap UEs) the following CAPABILITYs should be defined
· A separate row with details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG: Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS transmission/total bandwidth in MHz, which is supported and reported by UE
· A separate row with details on on RedCap UE processing capabilities for  SL-PRS: resources for each positioning method e.g. number of resources across SL-BWP, UEs, time domain behavior such as aperiodic, semi-persistent,  or  periodic, SCSs, comb size (per hop or across multiple hops)
· A FG indicting support for a shorter RF switching time to allow RF retuning between adjacent hops
· A FG (or components) on the bandwidth of each hop, the amount of overlap between hops and the number of hops for both PRS and SRS for positioning.
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