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1. Introduction

In the approved Rel-18 WID on expanded and improved NR Positioning [1], the objectives on support of RedCap positioning, bandwidth aggregation for positioning and carrier phase positioning were justified as follows:
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RAN1 has initiated discussion on above issues in previous 3GPP meetings and some basic conclusions have been reached, this contribution aims to present our views from RAN2’s perspective on RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning respectively based on current RAN1’s conclusions.

2. Discussion
2.1 RedCap Positioning
In Rel-18 study item for RedCap positioning, the frequency hopping is evaluated and concluded as a potential solution to support the positioning for RedCap UEs [2]. The potential benefits and performance gains of frequency hopping for the DL PRS and UL SRS are evaluated by taking into account at least the following:

-
The impact of Doppler, phase offset, timing offset, power imbalance among hops

-
RedCap UE capability and complexity considerations

-
Impact of RF retuning during frequency hopping

-
Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching).

It has been identified by RAN1 that potential specification impacts to support NR positioning for RedCap UEs mainly focus on the detailed design of frequency hopping. As approved in RAN1#112 meeting [3], both DL PRS with Rx frequency hopping and UL SRS with Tx frequency hopping are supported for the target UE. Based on the agreements, the foreseeable impacts for RAN2 include the signaling design on assistance information transfer related to frequency hopping between UE and network, to better align with the PRS/SRS configurations and specific PRS/SRS frequency hopping patterns.
In the case of frequency hopping is configured for RedCap UEs, the FH configuration may include e.g., PRS/SRS hopping pattern, duration of a hop, hopping bandwidth, etc. It is suggested that legacy PRS/SRS configuration procedure can be reused for PRS/SRS FH configuration as much as possible, current LPP signalling or RRC signalling can be enhanced to support the frequency hopping parameters transmission. 
For DL PRS with Rx frequency hopping, considering DL PRS configuration of the TRPs served by the gNB are transferred from gNB to LMF and then LMF indicates the DL PRS configuration of candidate NR TRPs to UE by assistance data information. The straightforward solution is that LMF provides the PRS and corresponding FH configuration to UE by LPP ProvideAssistanceData message. In addition, UE performs PRS measurement in (pre-)configured measurement gap or PRS processing window (PPW) for NR positioning. For RedCap UE configured with PRS FH configuration, UE can only perform PRS measurement in the configured narrow band PRS according to the frequency hopping pattern. To better align the measurement gap/PPW and hopping configuration to make the transmission hop fall into the positioning measurement time window of the Redcap UE, LMF may request gNB to provide the PRS FH configuration and then indicate the determined PRS FH configuration to UE by LPP ProvideAssistanceData message.

Proposal 1: LMF may request gNB to provide PRS FH configuration and then indicate the determined PRS FH configuration to UE by LPP ProvideAssistanceData message. 
For UL SRS with Tx frequency hopping, the SRS FH configuration shall be determined with SRS configuration, meaning that LMF indicates the serving gNB the need for SRS and FH configurations. It is up to serving gNB to make the final decision on SRS resources and associated FH configuration, then serving gNB to communicate this SRS and FH configuration information back to the LMF so that LMF can forwards the configurations to TRPs. 

Proposal 2: LMF may request serving gNB to provide the SRS FH configuration with SRS configuration to UE and feedback the SRS FH configuration to LMF.  

Furthermore, there may be two potential types of UL SRS with FH configuration. For type1 SRS FH configuration, a virtual wideband SRS configuration is configured for RedCap UEs, and UE performs actual SRS transmission hop by hop. While for type2 SRS FH configuration, UE is configured with narrowband SRS configuration and performs narrow band SRS transmission as indicated by hopping. With the support of frequency hopping for UL SPS, UE needs to perform switch between different hops or bandwidth parts (BWP)s. Network may further indicate the number of hops and a maximum hopping bandwidth with the SRS configuration, UE determines the hop based on the received configuration; Or when BWP switch is performed, network indicates multiple BWP configurations, which include bandwidth, time duration for each BWP, UE uses specific BWP for SRS transmission according to the network configuration.

Proposal 3: UE performs hop switch or BWP switch autonomously according to the configuration from network.
2.2 Carrier Phase Positioning

RAN1 has already conducted the evaluation and performance analysis of carrier phase positioning under the consideration of error impairments including initial phase errors, impact of CFOs, ARP errors, phase center offset (PCO) errors [2]. As per the WID objective, the focus is on specifying DL and UL carrier phase measurements and associated signalling. The associated signalling may include the impacts on assistance data configuration, measurement configuration and corresponding reporting of carrier phase measurements for supporting both UE-based and UE-assisted positioning, which requires RAN1 inputs. In previous RAN1 meetings, NR carrier phase measurements have been discussed and made some progress as below [3][4], corresponding RAN2 work on signalling design can be initiated based on current RAN1 conclusions.
When a location service is initiated, UE needs to indicate the support of carrier phase positioning by LPP capability transfer procedure, and the support of RSCP or RSCPD measurement can be further indicated in the positioning capability information. Then LMF may determine to use the carrier phase positioning for service requirements consideration if CPP is supported by UE. In addition, it has also been confirmed by RAN1 [3] that a UE/TRP needs to report the carrier phase measurements together with the legacy positioning measurements to LMF, which means the carrier phase positioning should be configured along with legacy positioning methods, e.g., NR UL positioning, NR DL-TDOA positioning, NR multi-RTT positioning etc. 

Observation 1: RAN1 has identified the support of RSCP and RSCPD measurement, and a UE/TRP needs to report the carrier phase measurements together with the legacy positioning measurements to LMF.

Proposal 4: UE indicates the support of carrier phase positioning in LPP ProvideCapabilities message, and further includes the support of RSCP or RSCPD measurement.
For DL positioning, current LPP location information procedure for legacy time-based positioning method can be enhanced to support the CPP measurement reporting, the LMF transmits a RequetLocationInformation message to the target UE, indicating the type of location information needed and potentially the associated QoS for both CPP measurement and legacy time-based positioning measurement, and then the target UE transmits a LPP ProvideLocationInformation message to the LMF which includes both CPP measurement reporting and legacy time-based measurement reporting. For UL positioning, TRP provides location information reporting containing both CPP measurements and legacy positioning measurements to LMF, which falls into RAN3 scope.  
Proposal 5: The legacy LPP RequestLocationInformation and ProvideLocationInformation message for time-based positioning are enhanced to carry the CPP measurement configuration and CPP measurement reporting.  
Furthermore, the double differential technique with positioning reference unit (PRU) is also confirmed as feasible for UE-based and UE-assisted NR carrier phase positioning if NR CPP is introduced, for eliminating the impacts of initial phases of the transmitter and the receiver. To support simultaneous SRS transmission or PRS measurement for PRU and target UE, RAN1#113 meeting [5] has approved that LMF requests serving gNB/neighboring gNB and UE to perform transmission/measurement of UL SRS or DL PRS on specific time window(s). Considering a PRU may be configured for one or multiple target UEs, those target UEs may under different network coverage or perform different positioning methods, e.g., UL positioning and DL TDOA respectively, to avoid potential resource collision or half duplex issues occurred at the PRU, it is suggested that LMF to manage the resource information for both SRS transmission and PRS measurement. For UL positioning, LMF indicates the time period for SRS transmission to the serving gNB by e.g., requested UL-SRS transmission characteristics information, while for DL positioning, the suggested time period for PRS measurement is provided to UE from LMF by LPP assistance data. 
Proposal 6: For double differential CPP measurement, LMF indicates the time period of SRS transmission to the serving gNB of UE including target UE and PRU by enhancing current requested UL-SRS transmission characteristics information for UL positioning.
Proposal 7: For double differential CPP measurement, LMF indicates the time period for PRS measurement to target UE and PRU by LPP provide assistance data message.
2.3 PRS/SRS Bandwidth Aggregation

Another feature for enhanced positioning accuracy in Rel-18 is the support of PRS/SRS bandwidth aggregation across multiple positioning frequency layers (PFLs)/carriers. A key advantage of multi-carrier positioning is the ability to leverage a larger bandwidth to improve the channel impulse response (CIR) resolution and thus resolve the different paths with more accuracy thus improving the overall positioning accuracy. The scope of the work focuses on intra-band contiguous carrier with a single RF chain and is applicable to all time-based positioning methods including Multi-RTT, DL-TDoA and UL-RTOA, RAN2 aims to specify the signalling and procedures to support aggregation of PRS/SRS resources across PFLs/carriers for positioning measurements based on RAN1’s conclusions.
In the latest RAN1#113 meeting [5], it has been approved that:
· For PRS bandwidth aggregation across PFLs, support per TRP basis and per PRS resource set basis.

· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.
· For SRS bandwidth aggregation across two or three carriers, support per SRS resource set basis.
· Support new signaling to indicate which SRS resource sets across carriers are linked.
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 
Since RAN1 also indicated that similar signalling is used as the existing Rel-16/Rel-17 DL PRS measurement of single PFL or SRS measurement of single carrier with the necessary update for PRS/SRS resource aggregated across PFLs or carriers for TDOA and multi-RTT positioning methods. It is suggested RAN2 to discuss the signalling enhancements to support both DL PRS and UL SRS bandwidth aggregation in current LPP and NRPPa procedure for assistance data and location information transfer, specifically:
For DL PRS bandwidth aggregation across PFLs, RAN2 to consider following signalling enhancements:

· Include the joint measurement indication and the aggregated PRSs resource PRS sets IDs across PFLs in LPP RequetLocationInformation message. 
· Include the PFL aggregation indication and the aggregated measurement results with PRS resource sets ID in LPP ProvideLocationInformation message. 
For UL SRS bandwidth aggregation across two or three carriers, RAN2 to consider following signalling enhancements, since the UL positioning procedure focuses on the interaction between gNB and LMF, the detail signalling design should also be confirmed with RAN3. 
· Include the SRS bandwidth aggregation indication in request SRS characteristics information from LMF to gNB.
· Include the linked SRS resource sets across carriers in UE configuration data from gNB to LMF.
· 
Include the carrier aggregation indication and the aggregated measurement results with SRS resource sets ID in TRP measurement results.
Proposal 8: For DL PRS bandwidth aggregation across PFLs, RAN2 to consider following signalling enhancements:

· Include the joint measurement indication and the aggregated PRSs resource PRS sets IDs across PFLs in LPP RequestLocationInformation message. 

· Include the PFL aggregation indication and the aggregated measurement results with PRS resource sets ID in LPP ProvideLocationInformation message. 
Proposal 9: For UL SRS bandwidth aggregation across two or three carriers, the signalling enhancement between gNB and LMF to support the bandwidth aggregation indication should be confirmed with RAN3.
3. Conclusion

Redcap Positioning:

Proposal 1: LMF may request gNB to provide PRS FH configuration and then indicates the determined PRS FH configuration to UE by LPP ProvideAssistanceData message. 
Proposal 2: LMF may request serving gNB to provide the SRS FH configuration with SRS configuration to UE and feedback the SRS FH configuration to LMF.  
Proposal 3: UE performs hop switch or BWP switch autonomously according to the configuration from network.
Carrier phase positioning:
Observation 1: RAN1 has identified the support of RSCP and RSCPD measurement, and a UE/TRP needs to report the carrier phase measurements together with the legacy positioning measurements to LMF.

Proposal 4: UE indicates the support of carrier phase positioning in LPP ProvideCapabilities message, and further includes the support of RSCP or RSCPD measurement.
Proposal 5: The legacy LPP RequestLocationInformation and ProvideLocationInformation message for time-based positioning are enhanced to carry the CPP measurement configuration and CPP measurement reporting.

Proposal 6: For double differential CPP measurement, LMF indicates the time period of SRS transmission to the serving gNB of UE including target UE and PRU by enhancing current requested UL-SRS transmission characteristics information for UL positioning.

Proposal 7: For double differential CPP measurement, LMF indicates the time period for PRS measurement to target UE and PRU by LPP provide assistance data message.

PRS/SRS bandwidth aggregation:
Proposal 8: For DL PRS bandwidth aggregation across PFLs, RAN2 to consider following signalling enhancements:

· Include the joint measurement indication and the aggregated PRSs resource PRS sets IDs across PFLs in LPP RequestLocationInformation message. 

· Include the PFL aggregation indication and the aggregated measurement results with PRS resource sets ID in LPP ProvideLocationInformation message. 
Proposal 9: For UL SRS bandwidth aggregation across two or three carriers, the signalling enhancement between gNB and LMF to support the bandwidth aggregation indication should be confirmed with RAN3.
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Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)


Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].


NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.


Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].


Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].


Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].


NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).


Specify RRM requirements with measurement gaps in connected mode, including PRS measurement period/reporting [RAN4].


Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based. UE-assisted positioning, and NG-RAN node assisted [RAN1, RAN2, RAN3, RAN4].


Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.


Specify measurements that are limited to a single carrier/PFL. 


Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures. [RAN4].





RAN1#112 meeting agreements:


For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap.


For RedCap UEs, support SRS for positioning frequency hopping by using a configuration separate from the existing BWP configuration.





Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.


DL RSCP can be reported together with UE Rx – Tx time difference measurement.


DL RSCPD can be reported together with RSTD measurement.


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.


UE in RRC_INACTIVE state


For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).


Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF.
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