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[bookmark: _Ref7144]1 Introduction
In RAN1 #112, #112bis-e, #113 meeting [1][2][3], these RAN1 led objectives including NR DL and UL carrier phase positioning, bandwidth aggregation for positioning measurements, and positioning for RedCap UEs are discussed in RAN1. This contribution will show the observations of RAN1 progress and discuss the impact to RAN2.
2 Discussion
2.1 NR DL and UL carrier phase positioning
In RAN1 #112[1] , #112bis-e [2] and #113 meeting[3], NR DL and UL carrier phase positioning is discussed about the measurement from UE and TRP, including UE-based and UE-assisted NR.
2.1.1 CPP measurement report
What the CPP measurement report fromUE/gNB to LMF brings impact to RAN2. We can find parts of agreements on measurement report in RAN1 as below:
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

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL

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.
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.
NR UL 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 UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.

Existing physical layer procedures for DL positioning (e.g., DL-TDOA) is reused 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.
So the potential required reference signal and measurements in CPP are summarized as below, according to the agreement in RAN1:
	Positioning 
	From UE 
	From TRP

	DL carrier phase in UE-Based
	UE measuring
- RSCP of DL PRS signal(s) from a TRP together with UE Rx-Tx or 
- RSCPD (Difference of two DL CPs) from two TRPs together with RSTD
	Transmitting DL PRS

	DL carrier phase in UE-assisted
	
	

	UL carrier phase in NG-RAN node-assisted
	Transmitting UL SRS for positioning (and MIMO SRS)
	TRP measuring
-UL RSCP of SRS for positioning and/or
- MIMO SRS
Note: Using MIMO SRS for CPP just follows the same way as MIMO SRS for RTOA.


We can observe that the new measurements performed by UE and gNB will include: DL RSCP, DL RSCPD and UL RSCP.
Proposal 1: The measurements of CPP (Carrier Phase Positioning) performed by UE and TRP can be reported to LMF via LPP and NRPPa messages following the legacy procedure, including:
- DL RSCP (reference signal carrier phase) which can be reported together with UE Rx – Tx time difference via LPP message - Provide Location Information. 
- DL RSCPD (reference signal carrier phase difference) which can be reported together with RSTD, and the target and the reference TRP for RSCPD is in the same Physical Frequency Layer via LPP message - Provide Location Information.
- UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF via NRPPa message – MEASUREMENT RESPONSE. 
Observation 1: There is no new additionalmeasurement and additionalpath measurement report in CPP.

2.1.2 PRU for CPP
Positioning Reference Unit (PRU) at a known location is introduced in Rel-17 which can perform positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) and report these measurements to a location server [4]. From a location server perspective, the PRU functionality is realized by a UE with known location [4].
PRU is introduced in CPP to improve the positioning accuracy. There are agreements related with PRU and will bring impact to RAN2 to enable CPP.
Agreement
Adopt the following modifications on the agreements made in RAN1#112bis-e:
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
•	Enabling LMF to request the serving gNB of a UE to configure the transmission of the UL SRS resources from the UE within indicated time window(s).
o	FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
•	Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the UL SRS resources from the UE within indicated time window(s).
o	Note: this may be a different indicated time window
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 sets 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
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows
Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows
PRU still works as a UE according to the agreement from RAN1. However there is new request to PRU and target UE to improve the accuracy of CPP as following from RAN1: 
1. Simultaneous transmission of UL SRS for positioning by a target UE and a PRU. 
To enable this, LMF should request serving gNB of a UE to configure the transmission of the UL SRS resources from the UE within indicated time window(s)
2. Simultaneous measurements of target UE and a PRU
To enable this, LMF should request the serving gNB and neighboring gNBs of the UE to measure the UL SRS resources from the UE within indicated time window(s).
3. Simultaneous measurements on the same DL PRS by a target UE and a PRU
To enable this, LMF should request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resources sets occurring within indicated time window(s).
There is a summary table that what impact to RAN2 because of simultaneous measurements for CPP.
	Positioning 
	LPP/RRC Impact
	NRPPa Impact

	UL SRS transmission
	RRC: gNB configure the transmission of the UL SRS resources within indicated time window(s)
	LMF request serving gNB of a UE to configure the transmission time window(s)

	DL carrier phase
	LPP: LMF request the UEs to perform measurements within indicated time window(s)
	NA

	UL carrier phase measurements of target UE and a PRU
	NA
	LMF request the serving gNB and neighboring gNBs of the UE to measure the UL SRS resources from the UE within indicated time window(s).


The indicated time window(s) is defined by RAN1:


Proposal 2: To enable simultaneous transmission of UL SRS and measurement of target UE and a PRU which are agreed in RAN1, there are impacts on RRC and NRPPa, including:
-RRC: gNB configure the transmission of the UL SRS resources within indicated time window(s);
-NRPPa: LMF request serving gNB of a UE to configure the transmission time window(s). LMF request the serving gNB and neighboring gNBs of the UE to measure the UL SRS resources from the UE within indicated time window(s).
Proposal 3: To enable simultaneous measurements on same DL PRS by a target UE and a PRU which are agreed in RAN1, there are impacts on LPP: LMF request the UEs to perform measurements within indicated time window(s). 

RAN1 also discuss the UE-Based CPP and reach the related agreement as below:
Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
•	Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
•	additional information of the same PRU includes at least PRU location.
So the impact on LPP can be found as below:
	Positioning 
	LPP Impact

	DL carrier phase in UE-Based
	LMF provide the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to target UE


Proposal 4: RAN2 to provide assistance data which is DL carrier phase measurement reported by a PRU to a target UE for UE-based carrier phase positioning which is agreed in RAN1.
2.2 Bandwidth aggregation for positioning measurements
In RAN1 #113 meeting [1], bandwidth aggregation for positioning measurements was discussed and some agreements were made.
2.2.1 PRS aggregation linkage
In RAN1 #113 meeting [1], for PRS configuration and measurement report the following agreements were made: 
	Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For PRS bandwidth aggregation across PFLs, support
· Option 2: 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.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results



From PRS configuration signaling perspective, LMF should explicitly inform UE which PRS resource sets are linked for aggregation. So in LPP protocol, the assistance data should be enhanced to let LMF indicate UE which PRS resource sets are linked. 
Proposal 5: Signaling enhancements are needed to indicate which PRS resource sets across PFLs are linked in the LPP provide assistance data message.
Proposal 6: Signaling enhancements are needed to support PRS bandwidth aggregation measurement report. The aggregated PRS resource set IDs should be included in the LPP provide location information message.
2.2.2 Location request
In RAN1 #113 meeting [1], for location request signaling procedure the following agreements were made: 
	Agreement
For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility



Proposal 7: RAN2 to discuss adding joint measurement indication and ReportingGranularityfactor in the LPP RequestLocationInformation message for DL-TDOA and multi-RTT positioning methods.
Proposal 8: Introducing new UE capabilities in the LPP ProvideCapabilities message for DL-TDOA and multi-RTT positioning methods, at least including the following capabilities:
· Support of PRS bandwidth aggregation in RRC_CONNECTED 
· Support of PRS bandwidth aggregation in RRC_ INACTIVE
· Support of PRS bandwidth aggregation in RRC_IDLE
2.2.2 SRS bandwidth aggregation
In RAN1 #113e meeting [1], for SRS configuration the following agreements were made: 
	Agreement
For SRS bandwidth aggregation across two or three carriers, support
· Option 2: 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. 




From SRS configuration agreements we can observe that the association between the SRS resource sets between two or three carriers need to be indicated to instruct the UE to send SRS resources in multiple UL carriers with a same port at the same time.
Proposal 9: Signaling enhancements for TS 38.331 and TS 38.321 are needed to indicate which SRS resource sets across carriers are linked. Wait for RAN1 progress to specify the details.
2.3 Positioning for RedCap UEs 
[bookmark: _Toc12632592][bookmark: _Toc29305286][bookmark: _Toc37338091][bookmark: _Toc46488932][bookmark: _Toc52567285][bookmark: _Toc115387933]2.3.1 PRS frequency hopping
For PRS frequency hopping for RedCap positioning, the following agreements were made by RAN1 in RAN1#112bise.
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One measurement where a measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


Based on above agreements, for PRS measurement reporting, except for one measurement reporting on multiple hops of the PRS positioning, UE may also need to report each measurement result corresponding for each PRS hoping. Currently in LPP provide location message, it is not supported to report per-hops measurement results. Besides, whether the per-hop report is by default or based on NW request is still FFS. Since RAN1 will continue to discuss it next meeting, RAN2 can wait for further RAN1 inputs to decide on potential enhancement on LPP request location message later. 
Proposal 10: For PRS RX frequency hopping, the LPP provide location information message should be enhanced so as to support the per-hop measurement results reporting.
Proposal 11: For PRS RX frequency hopping, RAN2 to wait for further RAN1 inputs on how to enable the per-hop reporting, i.e., whether the per-hop reporting is requested by LMF, or by default for RedCap positioning with PRS frequency hopping.
2.3.2 SRS frequency hopping
For the measurement reporting for SRS frequency hopping for RedCap positioning, the following agreements were made by RAN1 in RAN1#112bise.
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One measurement where a measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


Similar like the PRS frequency hopping, the current measurement reporting procedure for NRPPa should be enhanced to support the per hop indication. 
[bookmark: _GoBack]Proposal 12: For SRS TX frequency hopping, the NRPPa procedure should be enhanced so as to support the per-hop measurement results reporting.
As for the configuration of the SRS to enable the frequency hopping, the following agreements were made by RAN1.
	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, support both of the following options 
· 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without UL time window (i.e. option 1)
· FFS: details on the collision rules
· Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.


Based on the above agreements, it can be observed that to avoid the collision between DL/UL transmission and the UL SRS Tx, either the time window or the new collision rules shall be supported. Within the UL time window, the scheduling of the serving cell should not override the transmission of the SRS. Since the SRS is configured by the serving cell, we think it is more efficient for the serving cell to configure the UL time window, and provide the corresponding time window configurations to UE. 
As for the collision rules, this is more like some kind of UE capability. As for when start to apply or stop the collision rules, this can either be limited within a time window, or by some default rules, i.e,, it applies upon the SRS with Tx hopping configuration is received, and stops upon the SRS configuration is released. But since this still requires further RAN1 inputs, so RAN2 can postpone the discussion until more RAN1 inputs. 
Proposal 13: RAN2 to agree that the serving cell provide the UL time window related configurations to UE along with the SRS configurations for Tx hopping.
2.3.1 LMF awareness of the RedCap positioning 
Finally during SI, RAN2 agreed to further discuss whether/how to enable the LMF to be aware of the RedCap UE capability. From our perspective, this is still needed, since the LMF need to be aware of the RedCap positioning related capability, e.g., on hopping related capability, so that LMF can determine suitable positioning method, whether to configure the frequency hopping, and also to recommend proper SRS configuration if SRS Tx frequency hopping is used. As for how to enable the LMF to be aware of the RedCap positioning related capability, we think such awareness can be enabled easily via the legacy LPP capability procedure. 
Proposal 14: The legacy LPP capability procedure shall be reused to provide the information on RedCap UE capability from the UE to the LMF.
3 Conclusions
In this contribution, we have discusses the signaling request to RAN2 and potential solutions based on the RAN1 progress.
NR DL and UL carrier phase positioning aspect:
Proposal 1: The measurements of CPP (Carrier Phase Positioning) performed by UE and TRP can be reported to LMF via LPP and NRPPa messages following the legacy procedure, including:
- DL RSCP (reference signal carrier phase) which can be reported together with UE Rx – Tx time difference via LPP message - Provide Location Information. 
- DL RSCPD (reference signal carrier phase difference) which can be reported together with RSTD, and the target and the reference TRP for RSCPD is in the same Physical Frequency Layer via LPP message - Provide Location Information.
- UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF via NRPPa message – MEASUREMENT RESPONSE. 
Observation 1: There is no new additionalmeasurement and additionalpath measurement report in CPP.

Proposal 2: To enable simultaneous transmission of UL SRS and measurement of target UE and a PRU which are agreed in RAN1, there are impacts on RRC and NRPPa, including:
-RRC: gNB configure the transmission of the UL SRS resources within indicated time window(s);
-NRPPa: LMF request serving gNB of a UE to configure the transmission time window(s). LMF request the serving gNB and neighboring gNBs of the UE to measure the UL SRS resources from the UE within indicated time window(s).
Proposal 3: To enable simultaneous measurements on same DL PRS by a target UE and a PRU which are agreed in RAN1, there are impacts on LPP: LMF request the UEs to perform measurements within indicated time window(s). 
Proposal 4: RAN2 to provide assistance data which is DL carrier phase measurement reported by a PRU to a target UE for UE-based carrier phase positioning which is agreed in RAN1.
Bandwidth aggregation for positioning measurements aspect:
Proposal 5: Signaling enhancements are needed to indicate which PRS resource sets across PFLs are linked in the LPP provide assistance data message.
Proposal 6: Signaling enhancements are needed to support PRS bandwidth aggregation measurement report. The aggregated PRS resource set IDs should be included in the LPP provide location information message.
Proposal 7: RAN2 to discuss adding joint measurement indication and ReportingGranularityfactor in the LPP RequestLocationInformation message for DL-TDOA and multi-RTT positioning methods.
Proposal 8: Introducing new UE capabilities in the LPP ProvideCapabilities message for DL-TDOA and multi-RTT positioning methods, at least including the following capabilities:
· Support of PRS bandwidth aggregation in RRC_CONNECTED 
· Support of PRS bandwidth aggregation in RRC_ INACTIVE
· Support of PRS bandwidth aggregation in RRC_IDLE
Proposal 9: Signaling enhancements for TS 38.331 and TS 38.321 are needed to indicate which SRS resource sets across carriers are linked. Wait for RAN1 progress to specify the details.
Positioning for RedCap UEs aspect:
Proposal 10: For PRS RX frequency hopping, the LPP provide location information message should be enhanced so as to support the per-hop measurement results reporting.
Proposal 11: For PRS RX frequency hopping, RAN2 to wait for further RAN1 inputs on how to enable the per-hop reporting, i.e., whether the per-hop reporting is requested by LMF, or by default for RedCap positioning with PRS frequency hopping.
Proposal 12: For SRS TX frequency hopping, the NRPPa procedure should be enhanced so as to support the per-hop measurement results reporting.
Proposal 13: RAN2 to agree that the serving cell provide the UL time window related configurations to UE along with the SRS configurations for Tx hopping.
Proposal 14: The legacy LPP capability procedure shall be reused to provide the information on RedCap UE capability from the UE to the LMF.
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