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In RAN1 #112 meeting [1], the RAN1 led objectives are mainly about	NR DL and UL carrier phase positioning, bandwidth aggregation for positioning measurements, and positioning for RedCap UEs. This contribution will show the observations of RAN1 progress and discuss the signaling request to RAN2.
2 Discussion
2.1 NR DL and UL carrier phase positioning
2.1.1 Carrier phase measurements reporting
In RAN1 #112 meeting [1], NR DL and UL carrier phase positioning is mainly about the measurement from UE and TRP, including:
· UE-based and UE-assisted NR carrier phase positioning (CPP)
· NR UL/DL reference signal carrier phase 
Parts of the agreements in RAN1 are below:
	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP



Observation 1:	RAN1 will further discuss the detailed definition of UL/DL CP/CPD measurements for both UE-based and UE-assisted NR carrier phase positioning.
Parts of agreements on the definition of measurements in RAN1 are list as below:
	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
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.

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.

Agreement
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.




So the potential required reference signal and measurements in CPP are summarized as below, according to the agreement in RAN1:
	Positioning 
	UE
	TRP

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

	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 on CPP performed by UE and TRP can be reported to LMF via LPP and NRPPa messages following the legacy procedure, including:
- DL RSCP
- DL RSCPD
- UL RSCP
FFS which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements in RAN1 at first.
2.1.2 Simultaneous transmission and measurements for CPP
RAN1 replied to SA2 on the question on simultaneous measurements of the target UE and PRU in RAN1 #112 meeting [2]. 
SA2 request:
	Regarding the procedure for location of a target UE using PRUs (clause 6.x.4 of the attached CR), SA2 noticed that RAN had agreements to support some positioning methods that require simultaneous measurements of the target UE and PRU. In the SA2 agreed procedures, it is assumed that the LMF can make the decision and realize such simultaneous measurements by using a common scheduled location time. 
SA2 would like to seek RAN1 and RAN2’s feedback on such assumption and whether additional enhancement would be needed to support the simultaneous measurements for the target UE and PRU. SA2 would update the specification according to the RAN1 and RAN2 feedbacks if necessary.



RAN1 reply:
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.
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. 
Note: The enhancements might or might not have RAN1 specification impact.
In RAN1#112, it was observed that current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU. 
The main motivation for simultaneous measurements of the same DL PRS by multiple UEs is to enable the double differential positioning, which in general requires the measurements to be obtained from the same DL PRS at the same time for effectively eliminating the common measurements errors, especially the errors caused by UE/TRP timing and frequency offsets. 
Similar to DL double differential positioning above, simultaneous measurements of the UL SRS from multiple UEs will also be discussed for UL double differential positioning in RAN1. Serving and neighboring gNB/TRP(s) should simultaneously measure the SRS resources from different UEs, in order to effectively eliminate the impact of the timing and frequency offsets of TRPs. Discussions on what enhancements to LPP, NRPPa, and/or RAN signaling.
Proposal 2: For simultaneous measurements and transmission, RAN2 to wait for RAN1 conclusions on simultaneous measurements of the same DL PRS for multiple UEs, and simultaneous transmission of SRS and simultaneous measurements of target UE and PRU in gNB.
2.2 Bandwidth aggregation for positioning measurements
In RAN1 #112 meeting [1], bandwidth aggregation for positioning measurements was discussed and some agreements were made.
2.2.1 PRS bandwidth aggregation
In RAN1 #112 meeting [1], for PRS configuration and measurement report the following agreements were made: 
	Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.

Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced



From PRS configuration signaling perspective, LMF should explicitly inform UE which two or three PFLs are linked for aggregation. So in LPP protocol, the assistance data should be enhanced to let LMF indicate UE which two or three PFL are linked. 
For joint measurement report, PFL aggregation indication that represent whether the measurement result is based on aggregated PFLs or not should be included in the LPP protocol.
Proposal 3: RAN2 to discuss enhancing the LPP signaling procedure to support PRS aggregation, including at least the following aspects:
· LPP assistance data enhancement to let LMF indicate UE which two or three PFLs are linked
· PFL aggregation indication, FFS whether to use PRS assistance data or use location information request message to indicate UE in RAN1
2.2.2 SRS bandwidth aggregation
In RAN1 #112 meeting [1], for SRS configuration the following agreements were made: 
	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.


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 4: RAN2 to discuss enhancing SRS configuration to link the two or three carriers for UEs in RRC connected state.
In RAN1 #112 meeting [1], for SRS type the following agreements were made: 
	Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation
· [bookmark: OLE_LINK10]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


From semi-persistent SRS, MAC CE is used to activate/deactivate a positioning SRS resource set in a carrier in Rel-16/17. We can observe that MAC protocol need to be enhanced to support single MAC CE activating positioning SRS resource sets across the linked carriers.
Proposal 5: RAN2 to discuss the solution of single MAC CE activating positioning SRS resource sets across the linked carriers procedures.
2.3 Positioning for RedCap UEs 
[bookmark: _Toc12632592][bookmark: _Toc29305286][bookmark: _Toc37338091][bookmark: _Toc46488932][bookmark: _Toc52567285][bookmark: _Toc115387933]For PRS frequency hopping for RedCap positioning, the following agreements were made by RAN1 in RAN1#112.
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.
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
Conclusion
The scope for RedCap positioning includes FR1 and FR2.
Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 
Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.


It can be seen that only the RX frequency hopping is supported in R18, with the motivation to limit the spec impacts. Further, hopping within a DL PRS resource is supported for PRS frequency hopping. That is, the wideband PRS transmission in NW side, and narrowband PRS reception at UE side. But it is FFS whether UE need to report the measurement results per frequency hopping or measurement results per positioning session (across multiple PRS frequency hopping). Further, as for the RX PRS frequency hopping pattern, whether this should be configured by LMF or totally up to UE implementation is also FFS now. 
Proposal 6: For RX PRS frequency hopping, RAN2 to wait for further RAN1 progress on the potential PRS configuration enhancement and positioning measurement report.
For SRS frequency hopping for RedCap positioning, the following agreements were made by RAN1 in RAN1#112.
	Conclusion
The scope for RedCap positioning includes FR1 and FR2.
Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources
Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.


For SRS TX frequency hopping, to minimize the impact on BWP switching, the SRS for RedCap will be separately configured, which is separately from the existing BWP configurations, i.e., the SRS may be configured across multiple BWPs. But one issue is that even the SRS can be separate from the BWP configuration, but currently it is not allowed to transmit the SRS outside the active BWP. 
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]--------------------------------------------Extracted from TS38.321--------------------------------------------
Skip unrelated part
1>	if a BWP is activated and the active DL BWP for the Serving Cell is dormant BWP:
2>	stop the bwp-InactivityTimer of this Serving Cell, if running.
2>	not monitor the PDCCH on the BWP;
2>	not monitor the PDCCH for the BWP;
2>	not receive DL-SCH on the BWP;
2>	not report CSI on the BWP, report CSI except aperiodic CSI for the BWP;
2>	not transmit SRS on the BWP;
2>	not transmit on UL-SCH on the BWP;
2>	not transmit on RACH on the BWP;
2>	not transmit PUCCH on the BWP;
2>	clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;
2>	suspend any configured uplink grant Type 1 associated with the SCell;
2>	if configured, perform beam failure detection and beam failure recovery for the SCell if beam failure is detected.
1>	if a BWP is deactivated or the Serving Cell is PSCell of deactivated SCG:
2>	not transmit on UL-SCH on the BWP;
2>	not transmit on RACH on the BWP;
2>	not monitor the PDCCH on the BWP;
2>	not transmit PUCCH on the BWP;
2>	not report CSI for the BWP;
2>	not transmit SRS on the BWP;
2>	not receive DL-SCH on the BWP;
2>	clear any configured downlink assignment and configured uplink grant of configured grant Type 2 on the BWP;
2>	suspend any configured uplink grant of configured grant Type 1 on the inactive BWP.


Observation 2: According to the current spec, UE is not allowed to transmit SRS outside the active BWP.
Based on above analysis, either new UE capability to support the SRS transmission outside the active BWP, or similar mechanism like MG or PPW needs to be considered for SRS transmission outside the active BWP. But this is still under discussion in RAN1 now for detailed SRS frequency hopping, so it is proposed that RAN2 to continue to discuss how to enable the SRS transmission outside active BWP after receiving further RAN1 progress.
Proposal 7: RAN2 to further discuss on how to enable the SRS transmission outside active BWP after receiving further RAN1 progress.
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, and even 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, and to recommend proper SRS configuration. And for simple, such awareness can be enabled via LPP capability procedure. 
Proposal 8: 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:
Observation 1:	RAN1 will further discuss the detailed definition of UL/DL CP/CPD measurements for both UE-based and UE-assisted NR carrier phase positioning.
Proposal 1: The measurements on CPP performed by UE and TRP can be reported to LMF via LPP and NRPPa messages following the legacy procedure, including:
- DL RSCP
- DL RSCPD
- UL RSCP
FFS which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements in RAN1 at first.
Proposal 2: For simultaneous measurements and transmission, RAN2 to wait for RAN1 conclusions on simultaneous measurements of the same DL PRS for multiple UEs, and simultaneous transmission of SRS and simultaneous measurements of target UE and PRU in gNB.

Bandwidth aggregation for positioning measurements aspect:
Proposal 3: RAN2 to discuss enhancing the LPP signaling procedure to support PRS aggregation, including at least the following aspects:
· LPP assistance data enhancement to let LMF indicate UE which two or three PFLs are linked
· PFL aggregation indication, FFS whether to use PRS assistance data or use location information request message to indicate UE in RAN1
Proposal 4: RAN2 to discuss enhancing SRS configuration to link the two or three carriers for UEs in RRC connected state.

Proposal 5: RAN2 to discuss the solution of single MAC CE activating positioning SRS resource sets across the linked carriers procedures.

Positioning for RedCap UEs aspect:
Proposal 6: For RX PRS frequency hopping, RAN2 to wait for further RAN1 progress on the potential PRS configuration enhancement and positioning measurement report.
Observation 2: According to the current spec, UE is not allowed to transmit SRS outside the active BWP.
Proposal 7: RAN2 to further discuss on how to enable the SRS transmission outside active BWP after receiving further RAN1 progress.
Proposal 8: 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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