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1. Introduction
[bookmark: Proposal_Beacon]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:
· 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 has initiated discussion on the 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
[bookmark: _Hlk115267550]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]. 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 RAN1 agreements, the foreseeable impacts for RAN2 includes 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.
[bookmark: OLE_LINK24]In the case that 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, DL PRS configuration of the TRPs served by the gNB is transferred from gNB to LMF and then LMF indicates the DL PRS configuration of candidate NR TRPs to UE via assistance data information. The straightforward solution is that the 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 provides an indication to a serving gNB on 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 communicates this SRS and FH configuration information back to the LMF so that LMF can forward the configurations to TRPs. 
[bookmark: _Hlk141966005][bookmark: _Hlk115168255][bookmark: _Hlk110531198]Proposal 2: LMF may request serving gNB to provide the SRS FH configuration with SRS configuration for UE and feedback the SRS FH configuration to LMF.  
Furthermore, according to RAN1’s agreements [3], RedCap UEs support SRS for positioning frequency hopping by using a configuration separate from the existing BWP configuration. And during the RAN1#114 meeting [6], RAN1 further agreed that SRS for positioning with Tx hopping can be configured outside of the active UL BWP, which means the separate BWP configuration may be configured outside of any data or active UL BWP for flexibility consideration. With the support of Tx frequency hopping for UL SRS, UE needs to further perform switching between different hops or bandwidth parts (BWP)s by using the separate configuration. To better align the transmission and reception behaviors on SRS for positioning Tx frequency hopping between UE and network, network may further indicate the number of hops and a maximum hopping bandwidth with the SRS configuration, and thereafter the UE determines the hop based on the received configuration; Or network indicates multiple sub-BWP configurations, which include bandwidth, time duration for each sub-BWP, UE performs switching between different sub-BWP for SRS transmission according to the network configuration. 
Proposal 3: UE performs Tx hop switch or BWP switch according to the configuration from network, by using a separate BWP configuration which is outside the active UL BWP. 
2.2 Carrier Phase Positioning
As per the WID objective, the focus on carrier phase positioning 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’s inputs. In the latest RAN2#123bis meeting [7], RAN2 has identified corresponding signalling impacts on carrier phase positioning as below according to RAN1’s agreements in previous meetings, in which the DL RSCP and DL RSCPD measurement are reported by extending current LPP measurement report IEs for Multi-RTT and DL-TDOA positioning.  
· For Multi-RTT positioning, if requested by LMF, the UE reports the RSCP measurement along with the UE Rx-Tx time difference measurement. Extend NR-Multi-RTT-SignalMeasurementInformation IE and add DL RSCP measurement as an optional measurement quantity to be reported along with nr-UE-RxTxTimeDiff measurement. 
· Extend NR-Multi-RTT-SignalMeasurementInformation IE to include a timestamp associated with the reported DL RSCP measurement and a quality indication for the reported RSCP measurement.
· For DL-TDOA positioning, if requested by LMF, the UE reports RSCPD measurement along with the RSTD measurement. Extend NR-DL-TDOA-SignalMeasurementInformation IE and add DL RSCPD measurement as an optional measurement quantity to be reported along with nr-RSTD measurement.
· Extend NR-DL-TDOA-SignalMeasurementInformation IE to include a timestamp associated with the reported DL RSCPD measurement and a quality indication for the reported RSCPD.

Observation 1: RAN2 has identified the signalling impacts to carry the DL RSCP and DL RSCPD measurement by extending current measurement reporting IE for Multi-RTT and DL-TDOA positioning.
Considering legacy LPP procedure and signalling is reused to support the DL carrier phase positioning. It would be natural to support LPP error cause signalling for UE-based and UE-assisted DL Carrier phase positioning. The legacy location server and target device error cause elements may be re-used. This enables either the target UE to receive any indications regarding issues related to the provision of assistance data as well as the location server to receive any indications regarding any issues related to the provision of target UE DL RSCP or DL RSCPD measurements, missing assistance data, not sufficient DL-PRS signals to perform RSCP or RSCPD measurements.
Proposal 4: Support LPP location server and target device/UE error cause signalling for DL Carrier phase positioning.
[bookmark: OLE_LINK34]In addition, the double differential technique with positioning reference unit (PRU) is 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, RAN has approved in previous meeting [5] 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 be under different network coverages 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 for both SRS transmission and PRS measurement. For UL positioning, LMF indicates the duration of the SRS transmission window to the serving gNB(s) of UE including target UE and PRU by e.g., requested UL-SRS transmission characteristics information, gNB/TRPs performs SRS measurement during the SRS transmission window, then RAN3 should be involved for the NRPPa signalling enhancements. While for DL positioning, the suggested duration of the PRS measurement window is provided to target UE and PRU from LMF by LPP ProvideAssistanceData message. The detailed parameters for the suggested time window depend on RAN1’s conclusions.
[bookmark: OLE_LINK3]Proposal 5: For double differential UL RSCP measurement, LMF indicates the duration of the SRS transmission window to the serving gNB(s) of UE including target UE and PRU, RAN3 to work on the specific signalling enhancements, e.g., by enhancing current requested NRPPa UL-SRS transmission characteristics information for UL positioning.
Proposal 6: For double differential DL RSCP and RSCPD measurements, LMF indicates the duration of the PRS measurement window to target UE and PRU by LPP Provide Assistance Data message.
2.3 PRS/SRS Bandwidth Aggregation
[bookmark: OLE_LINK35]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 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.
On-demand PRS transmission procedure allows the LMF to control and decide whether PRS is transmitted or not and to change the characteristics of an ongoing PRS transmission, which can be initiated either by the UE or LMF. In previous discussions, RAN1 has made the following agreements [3]:
· Support both 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.
Based on RAN1’s agreements, corresponding RAN2 works should be initiated to define the pre-configured on-demand PRS from network and on-demand PRS request from UE to support on-demand PRS bandwidth aggregation. Firstly, LMF may configure the UE with pre-defined PRS configurations which may further include the PRS configuration for bandwidth aggregation. According to RAN1 agreements, configuring up to two PFL combinations is supported, then RAN2 is suggested to follow the RAN1 conclusion that up to two PFL combinations of bandwidth aggregation configuration can be provided to UE by LMF via LPP ProvideAssistanceData message or posSIB to meet different types of service requirements. Specifically, an aggregation ID (i.e., linkage ID/group ID) can be used to identify the combinations of PFLs and PRS resource sets for bandwidth aggregation. In case of UE-initiated on-demand PRS for bandwidth aggregation, the UE sends on-demand PRS request indicating the aggregation ID for specific PRS bandwidth aggregation resource sets. In other way, UE may also include a PRS bandwidth aggregation indication in the on-demand PRS request, it is up to LMF to determine the need of PRS bandwidth aggregation and associated PRS resource sets for bandwidth aggregation. The same approach may also be utilized in the measurement report to distinguish which resources, PFLs and resource set IDs were used to derive the aggregated measurement.
Proposal 7: Up to two PFL combinations of bandwidth aggregation can be provided to UE by LMF via LPP ProvideAssistanceData message or posSIB.
Proposal 8: An aggregation ID is used to identify the combination of PRS resource sets for bandwidth aggregation. UE may initiate the on-demand PRS request which includes the aggregation ID for specific combination of PRS bandwidth aggregation.

Proposal 9: Option1: An aggregation ID or Option 2: (PFL ID +Resource Set ID) may also be included in the measurement report to associate the actual PFLs and resource set IDs used to derive an aggregated measurement. FFS impacts of signalling overhead between the two Options.
Furthermore, it has been agreed by RAN2 that for activation/deactivation of aggregated SRS across two or three carriers, a single MAC CE is used, FFS if it can be a legacy MAC CE or a new one is needed [7]. To avoid additional work on the new MAC CE design, it is suggested to reuse the legacy MAC CE as possible to support SP SRS bandwidth aggregation. Considering legacy MAC CE only has 1 reserved bit available as shown in Figure 1, RAN2 is suggested to consider using a single MAC CE to activate/deactivate the aggregated SRS resource sets simultaneously and ask RAN1 to confirm the availability. For example, in the case of R field is indicated for SRS bandwidth aggregation, the field of positioning SRS resource set ID, positioning SRS resource set’s BWP ID/Cell ID indicates any one of the aggregated SRS resource sets and associated BWP ID and cell ID, UE may activate or deactivate all SRS resource sets aggregated with the indicated SRS resource sets as configured when it receives the MAC CE. 
[image: ]
Figure 1. SP SRS-p Activation/deactivation MAC CE
Proposal 10: RAN2 is suggested to discuss the reuse of legacy SP positioning SRS activation/deactivation MAC CE as possible to activate/deactivate the aggregated SRS resource sets simultaneously.
According to the RAN1 agreements [3][4], RAN1 also confirmed that it is feasible that UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state, and UE performs positioning SRS bandwidth aggregation in RRC_CONNECTED and RRC_INACTIVE state, and no additional spec impacts are identified by RAN1. From RAN2’s perspective, for UE that performs PRS bandwidth aggregation across PFLs in RRC_INACTIVE or RRC_IDLE state, DL positioning procedure for RRC_INACTIVE or RRC_IDLE state in Rel-18 is reused to support PRS bandwidth aggregation and this should be captured in the spec.
In the case of UE performs positioning SRS bandwidth aggregation in RRC_INACTIVE state, RRCRelease message used to carry the SRS configuration in RRC_INACTIVE state needs to be enhanced to carry the aggregated SRS resource set IDs across different carriers with SRS configurations to support the SRS bandwidth aggregation in RRC_INACTIVE state, and UE may also indicate the request for SRS bandwidth aggregation in the SRS configuration request message, e.g., by defining a new resume cause for SRS bandwidth aggregation.
Proposal 11: RRCRelease message is enhanced to carry aggregated SRS resource set IDs across different carriers with SRS configurations to support the SRS bandwidth aggregation in RRC_INACTIVE state.
3. Conclusion
[bookmark: _Hlk85555806][bookmark: _Hlk85205107]Redcap Positioning:
[bookmark: _Hlk149574626]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.
[bookmark: _Hlk141983984]Proposal 3: UE performs Tx hop switch or BWP switch according to the configuration from network, by using a separate BWP configuration which is outside the UL active BWP. 
Carrier phase positioning:
Observation 1: RAN2 has identified the signalling impacts to carry the DL RSCP and DL RSCPD measurement by extending current measurement reporting IE for Multi-RTT and DL-TDOA positioning.
[bookmark: _Hlk149574833]Proposal 4: Support LPP location server and target device/UE error cause signalling for DL Carrier phase positioning.
Proposal 5: For double differential UL RSCP measurement, LMF indicates the duration of the SRS transmission window to the serving gNB(s) of UE including target UE and PRU, RAN3 to work on the specific signalling enhancements, e.g., by enhancing current requested NRPPa UL-SRS transmission characteristics information for UL positioning.
Proposal 6: For double differential DL RSCP and RSCPD measurements, LMF indicates the duration of the PRS measurement window to target UE and PRU by LPP Provide Assistance Data message.
PRS/SRS bandwidth aggregation:
[bookmark: _Hlk149575259]Proposal 7: Up to two PFL combinations of bandwidth aggregation can be provided to UE by LMF via LPP ProvideAssistanceData message or posSIB.
Proposal 8: An aggregation ID is used to identify the combination of PRS resource sets for bandwidth aggregation. UE may initiate the on-demand PRS request which includes the aggregation ID for specific combination of PRS bandwidth aggregation.
Proposal 9: Option1: An aggregation ID or Option 2: (PFL ID +Resource Set ID) may also be included in the measurement report to associate the actual PFLs and resource set IDs used to derive an aggregated measurement. FFS impacts of signalling overhead between the two Options.
Proposal 10: RAN2 is suggested to discuss the reuse of legacy SP positioning SRS activation/deactivation MAC CE as possible to activate/deactivate the aggregated SRS resource sets simultaneously.
Proposal 11: RRCRelease message is enhanced to carry aggregated SRS resource set IDs across different carriers with SRS configurations to support the SRS bandwidth aggregation in RRC_INACTIVE state.
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