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1 Introduction
In last meeting, RAN4 has discussed RRM requirements of carrier phase positioning with conclusions captured in [1]. RAN1#114 meeting has also further discussed the work item and the agreements were captured in [2]. In this paper, we further discuss the potential RRM requirements for carrier phase positioning based on RAN1 progress and give our proposals. 
2 Discussion
In last meeting, RAN4 discussed the measurement period requirements for DL RSCDP and RSCP and it was agreed that RSCP/RSCPD is reported together with other positioning measurement(s) and the same measurement period requirement (i.e., Rx-Tx time difference/RSTD measurements) should apply. The remaining part is whether to apply the existing RSTD/UE Rx-Tx time difference measurement requirements. 
Based on RAN1 agreements LMF can request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets occurring within indicated time window(s). We understand this doesn’t mandate the CP measurement to be performed based on the configured time window. Instead the measurement is still based on DL PRS resource sets but with the subset of the configured PRS resources indicated by network. So the measurement period requirement is not necessary to be defined based on the indicated time window. 
On the other hand, based on the following RAN1 agreement, the reporting of the carrier phase measurements from one DL PFL would have no impact on the reporting of the DL RSTD and/or UE Rx-Tx time difference measurements from the same DL PFL or other DL PFLs. The legacy measurement is based on configured PRS resources which are not limited in the indicated time window. There is no need to restrict the measurement into the indicated window and update the requirements for legacy measurement due to the introduction of CPP measurement. The indicated time window defined in RAN1 is to keep the measurement of target UE and PRU within the same configuration to guarantee the performance, and it is more appropriate to be defined as side condition in the measurement requirements. 
	Agreement
When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements are obtained from a single DL PFL only. 
Note: From RAN1’s perspective, the reporting of the carrier phase measurements from one DL PFL has no impact on the reporting of the DL RSTD and/or UE Rx – Tx time difference measurements from the same DL PFL or other DL PFLs.


Proposal 1: When DL RSCP is reported together with UE Rx–Tx time difference measurement, the existing UE Rx-Tx time difference measurement period requirements apply. 
Proposal 2: When DL RSCPD is reported together with RSTD measurement, the existing RSTD measurement period requirements apply. 
Proposal 3: Add requirements applicability for CPP measurement that the measurements for UEs including target UE and PRU are performed on indicated DL PRS resource set(s) occurring within indicated time window(s). 
Regarding the CPP measurements in RRC_IDLE state, it is not included in the WI scope, but there was the following agreement in RAN1#113 meeting: 
	Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.


From WI completion perspective, the measurement in RRC_IDLE is not high priority, but since the measurement in RRC_IDLE is supported in RAN1, if time allows, RAN4 can define the corresponding requirements. Based on the conclusion in last meeting and the discussion above, the existing measurement period requirements in RRC_COONECTED and RRC_INACTIVE state apply for CPP measurement. And we understand the same principle can be used for RRC_IDLE state. The requirements for legacy measurements (e.g., RSTD and UE Rx-Tx time difference) in RRC_IDLE is discussing in LPHAP part, if the requirements are decided, the same requirements of RSTD and UE Rx-Tx time difference can be applied to DL RSCPD and RSCP measurement. So it would not spend too much effort on the CPP measurement requirements in RRC_IDLE. 
Proposal 4: RAN4 to define the CPP measurements requirements in RRC_IDLE state if time allows. 
Regarding the measurement reporting, the mapping for DL RSCP and RSCPD measurement has been agreed in last meeting and the LS [5] was sent to RAN2/3 to design the signalling. But the following agreement for UL RSCP in RAN4#107 meeting was missing. Further LS is needed in this meeting to inform the following conclusion. And if the report mapping for SL positioning is decided and is to be informed to RAN2/3, the following conclusion can be included together. 
	Issue 2-3-2: Report mapping for UL RSCP: 
Agreements:
· Same as DL RSCP. 


Proposal 5: Send LS to inform RAN3 the report mapping for UL RSCP which is agreed in previous meeting. 
Based on our updated simulation results in [4], when reusing the Rel-17 side condition, the accuracy in AWGN and Two-Tap channel is acceptable. But the results in TDL-A channel is not satisfactory. Theoretically, the random phase in fading channel will cause big measurement errors for DL RSCPD measurement. So it is suggested to define accuracy requirements for DL RSCPD based on the results in AWGN and Two-Tap channel and the Rel-17 side condition for RSTD measurement can be reused. 
Proposal 6: Define accuracy requirements for DL RSCPD measurement based on the simulation results in AWGN and Two-Tap channel. 
Proposal 7: Reuse the Rel-17 RSTD side condition to DL RSCPD measurement requirements. 
In RAN1#114 meeting, there was the following agreement on phase quality indication and the values of phase quality index and resolution are left to RAN4. 
	Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.


In the existing specification, timing quality indication is defined as below and we understand the phase quality indication can use the similar method can be used for phase quality indication. Based on the simulation results summary in [6], the maximum measurement error is 24.9 degrees. We think the existing values of quality index can be reused but with the unit updated to degree. And the resolution can be 0.1, 0.2, 0.5 or 1 degree. The conclusions need to be sent to RAN1 and RAN2, and a draft is provided in the annex A. 
	–                  NR-TimingQuality
The IE NR-TimingQuality defines the quality of a timing value (e.g., of a TOA measurement).
-- ASN1START

NR-TimingQuality-r16 ::= SEQUENCE {
    timingQualityValue-r16         INTEGER (0..31),
    timingQualityResolution-r16        ENUMERATED {mdot1, m1, m10, m30, ...},
    ...
}

-- ASN1STOP
	NR-TimingQuality field descriptions

	timingQualityValue
This field provides an estimate of uncertainty of the timing value for which the IE NR-TimingQuality is provided in units of metres.

	timingQualityResolution
This field provides the resolution used in the timingQualityValue field. Enumerated values mdot1, m1, m10, m30 correspond to 0.1, 1, 10, 30 metres, respectively.





Proposal 8: The candidate values of the phase quality index and phase quality resolution are as below. Send the LS to RAN1 and RAN2 about the conclusion. 
· Phase quality index: {0, 1, 2, …, 31}; 
· Phase quality resolution: {0.1, 0.2, 0.5, 1} degree. 
Based on the time plan of the WI, the core part is to be completed in December this year, it is time to discuss the CR drafting in this meeting. Based on the discussion so far, the following requirements are needed for CPP measurement and the report mapping can be drafted in performance part together with the accuracy requirements. 
	Requirements for CPP measurement
	Clause in the specification

	Measurement period for DL RSCP in RRC_CONNECTED including the impact of UE mobility
	[bookmark: OLE_LINK284][bookmark: OLE_LINK285]New 9.9.X

	Measurement period for DL RSCPD in RRC_CONNECTED including the impact of UE mobility
	New 9.9.Y

	Measurement period for DL RSCP in RRC_INACTIVE
	New 5.6.X

	Measurement period for DL RSCPD in RRC_INACTIVE
	New 5.6.Y

	Collision handling with other signals/channels in RRC_INACTIVE
	5.6.1

	Report mapping for DL RSCP
	New 10.1.X

	Report mapping for DL RSCPD 
	New 10.1.Y

	Measurement period for DL RSCP in RRC_IDLE(TBD)
	TBD

	Measurement period for DL RSCPD in RRC_IDLE(TBD)
	TBD


Proposal 9: Discuss the CR drafting based on the above table. 

3 Summary
In this paper, we discuss the RRM aspects on carrier phase positioning and the following proposals are given: 
Proposal 1: When DL RSCP is reported together with UE Rx–Tx time difference measurement, the existing UE Rx-Tx time difference measurement period requirements apply. 
Proposal 2: When DL RSCPD is reported together with RSTD measurement, the existing RSTD measurement period requirements apply. 
Proposal 3: Add requirements applicability for CPP measurement that the measurements for UEs including target UE and PRU are performed on indicated DL PRS resource set(s) occurring within indicated time window(s). 
Proposal 4: RAN4 to define the CPP measurements requirements in RRC_IDLE state if time allows. 
Proposal 5: Send LS to inform RAN3 the report mapping for UL RSCP which is agreed in previous meeting. 
Proposal 6: Define accuracy requirements for DL RSCPD measurement based on the simulation results in AWGN and Two-Tap channel. 
Proposal 7: Reuse the Rel-17 RSTD side condition to DL RSCPD measurement requirements. 
Proposal 8: The candidate values of the phase quality index and phase quality resolution are as below. Send the LS to RAN1 and RAN2 about the conclusion. 
· Phase quality index: {0, 1, 2, …, 31}; 
· Phase quality resolution: {0.1, 0.2, 0.5, 1} degree. 
Proposal 9: Discuss the CR drafting based on the following table. 
	Requirements for CPP measurement
	Clause in the specification

	Measurement period for DL RSCP in RRC_CONNECTED including the impact of UE mobility
	New 9.9.X

	Measurement period for DL RSCPD in RRC_CONNECTED including the impact of UE mobility
	New 9.9.Y

	Measurement period for DL RSCP in RRC_INACTIVE
	New 5.6.X

	Measurement period for DL RSCPD in RRC_INACTIVE
	New 5.6.Y

	Collision handling with other signals/channels in RRC_INACTIVE
	5.6.1

	Report mapping for DL RSCP
	New 10.1.X

	Report mapping for DL RSCPD 
	New 10.1.Y

	Report mapping for UL RSCP 
	New 13.X

	Measurement period for DL RSCP in RRC_IDLE(TBD)
	TBD

	Measurement period for DL RSCPD in RRC_IDLE(TBD)
	TBD
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1. Overall Description:
In RAN4#108bis meeting, RAN4 discussed the phase quality indication for the RSCP/RSCPD measurements, and reached the following agreements: 
	For the phase quality indication for the RSCP/RSCPD measurements, the candidate values of the phase quality index and phase quality resolution are as below. 
· Phase quality index: {0, 1, 2, …, 31}; 
· Phase quality resolution: {0.1, 0.2, 0.5, 1} degree. 



2. Actions:
To RAN WG1 and RAN WG2:
RAN4 kindly asks RAN1/2 to take the above information into account. 

3. Date of Next TSG-RAN Meetings:
TSG RAN WG4 Meeting #109		November 13 –November 17, 2023		Chicago, US


Annex B RAN1 agreements on CPP
RAN1#114 meeting: 
Agreement
Confirm the following working assumption with modification made in RAN1#113:
Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame 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 the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}

Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}

Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}

Agreement
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.

Conclusion
From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.

Agreement
Endorse the following RAN1 reply on PRU procedures
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 above reply, RAN1 indicated that RAN1 would continue the discussions on the enhancements that are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

In this LS, RAN1 informs SA2 that RAN1 has continued the discussion, and reached the following agreements related to the support of simultaneous measurements of the same DL-PRS for multiple UEs and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

Furthermore, it is RAN1’s understanding that the simultaneous measurements/transmissions for multiple UEs, including a target UE and a PRU, is closely relatedapplicable to RAN1’s on-going work related to NR carrier phase positioning, and is also applicable to the remaining uplink and downlink positioning measurements and methods. Therefore, RAN1’s agreements related to the NR carrier phase positioning are provided in Section 4 in this LS for information.

To SA2:
Action: RAN1 respectfully asks SA2 to take the above reply into account for future work. 
To RAN2/RAN3:
Action: RAN1 respectfully asks RAN2/RAN3 to work on the necessary higher-layer signalling support, and provide the feedback if there is any concern.

R1-2308643	[Draft] Reply LS on PRU Procedures	CATT
Decision: The draft LS is endorsed. Final LS is approved in R1-2308644.

Agreement
For the timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 37.355, can be reused as the timestamp. 
· Subject to UE capability, a UE may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp

Agreement
When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements are obtained from a single DL PFL only. 
Note: From RAN1’s perspective, the reporting of the carrier phase measurements from one DL PFL has no impact on the reporting of the DL RSTD and/or UE Rx – Tx time difference measurements from the same DL PFL or other DL PFLs.

Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.

[bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK286]Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.
Final summary in R1-2308219.
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