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Introduction 
In the last RAN1#114bis meeting [1] , the following agreements were made for carrier phase positioning:
	Agreement
A UE, which has the capability to support CPP in RRC_INACTIVE/RRC_IDLE state, should measure the DL PRS from the whole DL PFL, i.e., not limited to its initial DL BWP. The RF frequency associated with the DL RSCP/RSCPD when UE is in RRC_INACTIVE/RRC_IDLE state can be defined in the same way as a UE in RRC_CONNECTED state.

Agreement
For the timestamp associated with a reported UL RSCP measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 38.455, can be reused as the timestamp. 
· The TRP may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp

Conclusion
No further discussion in RAN1 regarding the definition of per path RSCPD in Rel-18.
· Note: This conclusion does not impact the existing definition of the RSCP.

Conclusion
From RAN1’s perspective, there will be no further discussion on the four options that were agreed to consider in the following agreement made in RAN1#112bis-e.
	Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.




Agreement
Subject to UE’s capability, if a UE Rx-Tx time difference/DL RSTD measurement is obtained with Nsample (=2, 4) samples, as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement can be associated with (i.e., reported together with) up to Nsample RSCP/RSCPD measurements.
· A single RSCP/RSCPD measurement is obtained within one sample
· Each RSCP/RSCPD measurement has its own timestamp. 
· Note: It is up to RAN2 on how to define signalling support for the reporting of the timestamps of the RSCP/RSCPD measurements.

Conclusion
No further discussion in RAN1 regarding the support of standalone reporting of NR carrier phase measurements in Rel-18.

Agreement
Endorse the following TP regarding the reporting of the phase quality indication for the RSCP/RSCPD measurements in Clause 5.1.6.5 of TS 38.214.
	Reason for change:
	The specification does not capture the following agreement made in RAN1#114 regarding to the report of the quality indication associated with DL RSCP/RSCPD measurement.
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


	Summary of change:
	Add the report of the quality indication associated with DL RSCP/RSCPD measurement according to the agreement made in RAN1#114.

	Consequences if not approved:
	Specification is not aligned with RAN1’s agreement and incomplete



	5.1.6.5	PRS reception procedure
===================== Unchanged parts omitted ======================

The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. 
The UE may be configured to report quality metrics [higher layer parameter] corresponding to the DL RSCP and RSCPD measurements which include the following fields [17, TS 37.355]:
-	[phase quality index] which provides the uncertainty of the measurement
-	[phase quality resolution] which specifies the resolution levels used in the [phase quality index] field.
===================== Unchanged parts omitted ======================





Agreement
The timing windows, which were agreed to be introduced for simultaneous PRS measurements in Rel-18, are applicable for UE in RRC_CONNECTED, RRC_INACTIVE, and RRC_IDLE states.
Note: no RAN1 specification impact.

Agreement
The timing windows, which were agreed to be introduced for simultaneous SRS for positioning transmission in Rel-18, are applicable for UE in RRC_CONNECTED and RRC_INACTIVE states.
Note: no RAN1 specification impact.

Agreement
Endorse the TP in Section 9.1 of R1-2310285 for Clause 5.1.6.5 of TS 38.214.

	Reason for change:
	The following agreement made in RAN1#114 meeting is not captured in the current TS 38.214.
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.

	Summary of change:
	Capture the above agreement in TS 38.214

	Consequences if not approved:
	Specification TS 38.214 is incomplete



	5.1.6.5	PRS reception procedure
===================== Unchanged parts omitted ======================
The UE may be configuredprovided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305], the timestamps associated with the measurements, and along with the location information of the PRU. 
===================== Unchanged parts omitted ======================




Agreement
Adopt the following changes to the previous agreement made in RAN1#114:
	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}
· the number of the indicated DL PRS resource set(s) per TRP within a time window can be {1, 2}:
· DL PRS resource sets across all TRPs are in one DL PFL
· FFS: For PRS bandwidth aggregation, an indicated DL PRS resource set refers to a combination of linked PRS resource sets
· The number of the indicated DL PRS resource set(s) for all TRPs should be the same
· Note: Different PRS resource sets and/or PFLs can be associated with different time windows
· Note: the signaling design for the indication of the DL PRS resource sets in the time windows is up to RAN2/RAN3.




Agreement
Only the carrier phase measurements (i.e., DL/UL RSCP, DL RSCPD) of the first path are supported in Rel-18.

Agreement
· The DL PRS resource used to obtain a DL RSCP measurement is either the same DL PRS resource used to obtain the associated UE Rx-Tx time difference measurement, or one of the DL PRS resources used to obtain the associated UE Rx-Tx time difference measurement.
· Note: a DL RSCP measurement is obtained by measuring a single DL PRS resource from a TRP.

Agreement
Adopt the following changes to the previous agreement made in RAN1#114bis: 
	Agreement

The DL PRS resource used to obtain a DL RSCP measurement is either the same DL PRS resource used to obtain the associated UE Rx-Tx time difference measurement, or one of the DL PRS resources used to obtain the associated UE Rx-Tx time difference measurement.
· Note 1: a DL RSCP measurement is obtained by measuring a single DL PRS resource from a TRP.
· Note 2: It has no RAN1 impact. It is up to RAN2 on how the DL PRS resource IDs of DL RSCP measurements are identified/reported.



Agreement
The pair of the DL PRS resources used to obtain a DL RSCPD measurement are either the same as the pair of DL PRS resources used to obtain the associated DL RSTD measurement, or one of the pairs of DL PRS resources used to obtain the associated DL RSTD measurement.
· Note 1: It has no RAN1 impact. It is up to RAN2 on how the DL PRS resource IDs of DL RSCPD measurements are identified/reported.

Agreement
From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2} for the reporting of DL/UL timing measurements is applicable to all positioning methods.

Conclusion
No further discussion in RAN1 on how to address the impact of the phase delays on Tx/Rx RF chains in Rel-18.
· Note: The conclusion does not preclude further discussion of the phase delays in UE feature for NR CPP.


After RAN1#114bis meeting, the basic enhancement of NR Rel-18 positioning has been finished from RAN1 perspective including the feature of NR DL and UL carrier phase positioning, and the initial versions of RAN1 specifications including TS 38.211, 38.212, 38.213, 38.214 and 38.215 have been endorsed.
In this contribution, we provide our views for the endorsed RAN1 specifications and other remaining issues on carrier phase positioning.
Discussion on the endorsed RAN1 specification 
Description on PRS reception procedure in TS 38.214 [2]
Text proposal: PRS reception procedure in TS 38.214
Reason for change: The current description PRS reception procedure should be updated for better readability.
Summary of change: Change the description of indicated DL PRS resource set numbers in the configured time window(s).
Consequences if not approved: The sentence that describes the number of indicated DL PRS resource sets is not correct in the current specification.
Clauses affected: 5.1.6.5
<Unrelated part omitted>
For a UE configured with DL PRS Processing Window(s), when the UE receives an activation/deactivation command, as described in clause 6.1.3.42 of [10, TS 38.321], for a DL PRS processing window activation, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the command, the corresponding actions in [10, TS 38.321] and the UE assumptions shall be applied starting from the first slot that is after slot  where  is the SCS configuration for the PUCCH. The UE is not expected to be indicated with more than 4 activated DL PRS processing windows across all active DL BWPs and is not expected to be indicated with the activated DL PRS processing windows that overlap in time.
The UE, subject to UE capability, may be requested via [higher layer parameter] to perform positioning measurements on indicated DL PRS resource sets occurring within one or more time window(s) indicated by [higher layer parameter]. Within the window indicated by [higher layer parameter], the UE expects the indicated DL PRS resource sets are from one DL PRS positioning frequency layer, and the same number of indicated DL PRS resource sets associated with each dl-PRS-ID are the same. 
<Unrelated part omitted>
PRS reception procedure for carrier phase in TS 38.214 [2]
Text proposal: PRS for carrier phase positioning in TS 38.214
Reason for change: In the last RAN1 meeting, it was agreed that 

	Agreement
Subject to UE’s capability, if a UE Rx-Tx time difference/DL RSTD measurement is obtained with Nsample (=2, 4) samples, as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement can be associated with (i.e., reported together with) up to Nsample RSCP/RSCPD measurements.
· A single RSCP/RSCPD measurement is obtained within one sample
· Each RSCP/RSCPD measurement has its own timestamp. 
· Note: It is up to RAN2 on how to define signalling support for the reporting of the timestamps of the RSCP/RSCPD measurements.


 
It implies that the UE can report 1,2,..., Nsample RSCP/RSCPD measurements, whereas the current specification indicates that the UE may report  RSCPD/RSCP measurements.
Summary of change: Change the description of the report for RSCPD and RSCP measurement.
Consequences if not approved: The specification is not aligned with agreement.
Clauses affected: 5.1.6.5.2
<Unrelated part omitted>
5.1.6.5.2 	PRS for carrier phase positioning
For DL UE positioning measurement reporting in higher layer parameter NR-DL-TDOA-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase Difference (RSCPD) [7, TS 38.215] measurement along with the DL RSTD. When the UE reports RSCPD measurements, the reference nr-DL-PRS-ReferenceInfo is the same as the one reported, for the RSTD measurements. For DL UE positioning measurement reporting in higher layer parameter NR-Multi-RTT-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase (RSCP) measurement [7, TS 38,215] along with the UE Rx-Tx time difference measurement. When the UE reports DL RSCPD measurement(s) along with DL RSTD measurement(s) or DL RSCP measurement(s) along with UE Rx-Tx time difference measurement(s), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer. 
The UE is expected to obtain 1 DL RSCP or DL RSCPD measurement with  as defined in [11, TS 38.133]. The UE may report a DL RSTD measurement with  = 2 or 4 samples as defined in [11, TS 38.133] and up to  RSCPD measurements associated with the DL RSTD measurement. The UE may report a UE Rx-Tx time difference measurement with  = 2 or 4 samples as defined in [11, TS 38.133] and up to  RSCP measurements associated with the UE Rx-Tx time difference measurement. 
When the UE reports a timestamp associated with a DL RSCP measurement or a DL RSCPD measurement, subject to UE capability, it may include a symbol index in the timestamp.
If the UE reports LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator along with a measurement report containing DL RSCP or DL RSCPD the LoS/NLoS indicator(s) are assumed to also apply to the DL RSCP or DL RSCPD measurements. 
The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU. 
The UE may be configured to report quality metrics [higher layer parameter] corresponding to the DL RSCP and RSCPD measurements which include the following fields [17, TS 37.355]:
-	[phase quality index] which provides the uncertainty of the measurement
-	[phase quality resolution] which specifies the resolution levels used in the [phase quality index] field.
The UE in RRC_INACTIVE or RRC_IDLE mode is expected to perform the DL carrier phase measurement from the bandwidth of a DL PRS resource including outside of the initial downlink bandwidth part.
<Unrelated part omitted>
Other remaining issues on carrier phase positioning 
Reporting granularity for DL/UL timing measurements 
In the last RAN1 meeting, it was agreed that finer granularity is supported for DL/UL timing measurement: 
	Agreement
From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2} for the reporting of DL/UL timing measurements is applicable to all positioning methods.


Towards reporting granularity factor for DL/UL timing measurement, RAN1 has similar discussions in bandwidth aggregation agenda, and an LS was sent to RAN4 concerning the feasibility of smaller values for ReportingGranularityfactor. And RAN4 confirmed the feasibility in RAN4#108 meeting:
	Agreement
· Send LS to RAN1 if the agreement is reached on the wording:
· K= -1 and -2 are feasible and beneficial from RAN4 perspective.
· K=-3, -4, -5, -6 are also feasible. However, RAN4 has not done any study to identify their benefit:
· Whether =-3, -4, -5, -6 are supported is up to RAN1 decision.


From our perspective, finer timing measurement granularity is beneficial for positioning performance enhancement, and this enhancement makes sense because aggregated PRS bandwidth will lead to higher timing resolution. Now that RAN4 confirmed the feasibility, we can add smaller k values for DL/UL timing measurement. Even for non-aggregated PRS measurement, the candidate values may remain the same as the aggregated PRS measurement, i.e., we don’t have to introduce two different candidate value sets for aggregated PRS measurement and non-aggregated PRS measurement. The specific granularity of time reporting can be determined by the measurement results and UE implementation. Hence, we have the following proposal:
[bookmark: _Ref31713][bookmark: _Ref23565][bookmark: _Ref19934][bookmark: _Ref10183]Proposal 1: From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2, -3, -4, -5, -6} for the reporting of DL/UL timing measurements is applicable to all positioning methods.
Enhancement on UE-based carrier phase positioning 
In the last RAN1 meeting, the following proposal was discussed but no consensus reached: 
	Proposal:
When LMF forwards the carrier phase measurements reported by a PRU to a target UE for UE-based carrier phase positioning, the following information can be included in the positioning assistance data to the target UE (down-selection):
· Option 1: the RF frequency information associated with the PRU carrier phase measurements.
· Option 2: the DL PRS configuration information that were provided to the PRU for the carrier phase measurements.


[bookmark: _Ref12793][bookmark: _Ref19938]In a UE-based positioning process, if PRU is involved, the PRU may report its measurement result(s) to LMF and LMF may forward the measurement result(s) to the target UE. And the target UE will calculate the location information based on the measurement results(s) forwarded by LMF and the UE’s own measurement result(s). As shown in Figure 3, PRU may receive and measure multiple PRS resources in some cases, and UE is not aware of the PRU’s measurement details if the PRS is configured per UE, i.e., the PRS configurations for different UEs are different. In this case, the UE should be aware of the PRS configuration that PRU measured. 
[image: ]
Figure 1. PRU measurement example
In the current specification, a measurement report may contain the measurement result together with the dl-PRS-ID, nr-DL-PRS-ResourceID and nr-DL-PRS-ResourceSetID. However, in some cases, UE is not aware of the specific PRS configuration of the PRU, and the measurement result(s) reported by the PRU is meaningless as UE doesn’t know the transmission information. Considering the above limitation, the DL PRS configuration of PRU can be sent to the target UE. Therefore, we have the following proposal:
[bookmark: _Ref10193]Proposal 2: When LMF forwards the carrier phase measurements reported by a PRU to a target UE for UE-based carrier phase positioning, the following information can be included in the positioning assistance data to the target UE, support option 2:
· Option 2: the DL PRS configuration information that were provided to the PRU for the carrier phase measurements.
DL PRS resource set indication for bandwidth aggregation
In the last RAN1 meeting, it was agreed that the indicated DL PRS resource sets are in one DL PFL, while there’s an FFS concerning the DL PRS resource set indication for PRS bandwidth aggregation:
	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}
· the number of the indicated DL PRS resource set(s) per TRP within a time window can be {1, 2}:
· DL PRS resource sets across all TRPs are in one DL PFL
· FFS: For PRS bandwidth aggregation, an indicated DL PRS resource set refers to a combination of linked PRS resource sets
· The number of the indicated DL PRS resource set(s) for all TRPs should be the same
· Note: Different PRS resource sets and/or PFLs can be associated with different time windows
· Note: the signaling design for the indication of the DL PRS resource sets in the time windows is up to RAN2/RAN3.


The purpose of limiting the indicated DL PRS resource set(s) across all TRP in one DL PFL is to let PRU and UE measure the PRS with the same or similar frequency information. For bandwidth aggregation, the measurement and report are performed with the PRS resources aggregated across from 2 or 3 PFLs, and the indicated DL PRS resource set should refer to a combination of linked PRS resource sets. Furthermore, to maintain the frequency consistency of PRS resources measured by PRU and UE with bandwidth aggregation, the indicated DL PRS resource set from across all TRPs should come from the same aggregated DL PFLs. To be more specific, the number of aggregated PRS resource sets and the aggregated PFLs combination should be the same. With this enhancement, as shown in Figure 2, 8 PRS resource sets in 4 PFLs are configured for TRP 1 and TRP 2. For TRP 1, PRS resource sets 2, 4 and 6 are linked, for TRP 2, PRS resource sets 1, 3 and 5 are linked. In this example, the DL PFLs combination for TRP 1 and TRP 2 are {PFL1, PFL2, PFL3}, and the aggregated PRS resource sets can be indicated in the configured time window(s). 
[image: ]
[bookmark: _Ref8440]Figure 2. PRS resource set indication example with bandwidth aggregation
For the configuration of time window(s), we have the following proposal:
[bookmark: _Ref10200]Proposal 3: 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)
· DL PRS resource sets across all TRPs are in one DL PFL
· For PRS bandwidth aggregation, an indicated DL PRS resource set refers to a combination of linked PRS resource sets which includes the indicated DL PRS resource set, and the linked PRS resource sets of each TRP are in the same DL PFLs combination.
Phase quality indication for RSCP/RSCPD measurement 
In RAN1#114 meeting, RAN1 agreed to support UE/TRP report the phase quality indication for carrier phase, wherein the details on phase quality indication are up 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.


However, in this meeting, RAN4 sent an LS[4] to RAN1, RAN2 and RAN3 concerning positioning-related agreements. For CPP, RAN4 discussed the phase quality indication problem and made an agreement saying that the phase quality indication should be decided by RAN1:
	For CPP, RAN4 discussed the phase quality indication in this meeting and has the following agreements: 
	· Phase quality indication is not supposed to be decided by RAN4.
· RAN4 understanding is that the phase quality indication should be decided by RAN1 and the corresponding signaling should be developed by RAN2 based on RAN1 input. 





From RAN1’s perspective, the phase quality index provides an estimate of the uncertainty of the phase value, for which the phase quality indication is provided in units of degrees. The phase quality index and resolution can be defined similarly to the angle measurement quality in current TS 38.455:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	



Based on the above analysis, the candidate values can be INTEGER(0..255), and the phase quality resolution can be 0.1 in units of degrees. Therefore, we have the following proposal:

[bookmark: _Ref20644]Proposal 4: The candidate values of phase quality index can be INTEGER(0..255), and the phase quality resolution can be 0.1 in units of degrees.

Conclusion
In this contribution, we provide our views on carrier phase measurement based positioning techniques. The detailed text proposals for the endorsed RAN1 specification can be found in section 2. And the proposals for other remaining issues are listed as follows:
Proposal 1: From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2, -3, -4, -5, -6} for the reporting of DL/UL timing measurements is applicable to all positioning methods.
Proposal 2: When LMF forwards the carrier phase measurements reported by a PRU to a target UE for UE-based carrier phase positioning, the following information can be included in the positioning assistance data to the target UE, support option 2:
· Option 2: the DL PRS configuration information that were provided to the PRU for the carrier phase measurements.
Proposal 3: 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)
· DL PRS resource sets across all TRPs are in one DL PFL
· For PRS bandwidth aggregation, an indicated DL PRS resource set refers to a combination of linked PRS resource sets which includes the indicated DL PRS resource set, and the linked PRS resource sets of each TRP are in the same DL PFLs combination.
Proposal 4: The candidate values of phase quality index can be INTEGER(0..255), and the phase quality resolution can be 0.1 in units of degrees.
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