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1. Introduction 
In RAN1#114 meeting, positioning item is officially finished and related CR is provided [1] – [5] based on the agreements had been made. However, there are some of remained topics to fully reflect agreements to specification and to remove ambiguity of UE and/or gNB behaviour. In this contribution, we discuss remaining issues for supporting NR DL and UL carrier phase positioning.

2. Discussion
In this section, the definition of NR carrier phase measurement, carrier phase measurement reporting, differential CPP and PRU are discussed in each of sections. TPs related to discussion is provided in Annex.

2.1 The definition of DL RSCP
In the latest version of draft TS 38.215, definition of DL RSCP and DL RSCPD is described in section 5.1.42 and 5.1.43, respectively. In this section, DL RSCP is discussed.

Table 1. DL reference signal carrier phase (DL RSCP)
	Definition
	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 carrying DL PRS configured for the measurement. 
DL RSCP is associated with the center frequency of the DL positioning frequency layer (PFL) configured for the measurement.
For frequency range 1, the reference point for the DL RSCP shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCP shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE


[bookmark: _Hlk146743552]It should be noted that the definition is applicable for every single RRC state of UEs. With that, yellow highlighted part needs to be considered further. As we discussed in R1-2306888 [3], measurement gap cannot be configured for those UEs in RRC_INACTIVE and RRC_IDLE state. According to the yellow highlighted part of Table 1, UEs in RRC_INACTIVE state and RRC_IDLE state shall use the center frequency of indicated PRS resource sets for the DL RSCP measurements even if it is located outside of initial DL BWP. Therefore, due to the fact that measurement gap is not configured for UEs in RRC_INACTIVE state and RRC_IDLE state and if the UE is only capable to measure within initial DL BWP for PRS reception, RF frequency of carrier phase measurement other than default, i.e., center of the bandwidth, needs to be supported. Accordingly the definition of DL RSCP should be updated.
Observation 1: Since measurement gap cannot be configured for UEs in RRC_INACTIVE/RRC_IDLE state, UE behavior in RRC_INACTIVE/RRC_IDLE state is ambiguous when DL RSCP/RSCPD is configured and center of the PFL within initial DL BWP is not applicable.

For supporting the RF frequency other than default, there are two possible way; the first one is configuring multiple candidate RF frequencies of carrier phase measurement to enable UE to select one of them. It is simple and efficient way since one of the candidate RF frequency is more likely to be included in the initial DL BWP of UE due to the multiple number of it. On the other hand, it is possible to consider LMF indicating the phase measurement at a specific frequency per PFL or per UE level. It has advantage on scheduling flexibility of LMF that specific frequency can be selected by itself. Since single PFL is only going to be used for UE to carrier phase measurement, per PFL or per UE is identical at this stage, but per PFL is more straightforward and aligned to current structure. Between two options, the first one is preferred since it is simple and it is more aligned to simultaneous measurement reporting of PRU and a UE. Details of simultaneous measurement is discussed in section 2.3. 
Proposal 1: Support use of RF frequency of carrier phase measurement other than default accounting for UEs in RRC_INACTIVE/RRC_IDLE state. 
· LMF informs the candidate RF frequency list for DL RSCP/RSPD measurement per PFL, and UE selects a frequency among them. 

Proposal 2: Adopt TP for 38.215 for the definition of DL RSCP in the Annex section. 

Currently the definition of RSCP is based on the center of the frequency only as agreed, therefore definition of the RSCP should be revised to support other frequency measurement for phase measurement. With assumption that, i.e., other than default frequency is introduced, following can be considered for modification: the candidate list of RF frequency including center of the frequency is indicated to the UE and UE selects one of them. One thing to be noted is that although RF frequency rather than default is introduced, the same frequency should be used between RSCPs to derive RSCPD.

2.2 The definition of DL RSCPD
In this section, definition of DL RSCPD is discussed based on latest version of the TS 38.215 shown in following table.

Table 2. DL reference signal carrier phase difference (DL RSCPD)
	Definition
	DL reference signal carrier phase difference (RSCPD) is defined as the difference of DL RSCPs measured from DL PRS transmitted in a DL PFL from the transmission point (TP) j and the reference TP i. If UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TP for RSCPD is the same as the reference TP reported for RSTD.
For frequency range 1, the reference point for the DL RSCPD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCPD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE


According to the yellow highlighted part, RSCPD is derived based on the RSCP measurements from two different transmission points. It is our understanding that there is no restriction or guaranteeing of error elimination to select RSCPs for the derivation of RSCPD, which needs to be amended. Unfortunately, methods to eliminate unknown initial Rx phase with RSCPD reporting has been discussed, any of methods is not specified. That means the differencing between two RSCPs is the only method for elimination of unknown initial Rx phases. To enable it, same initial Rx phase errors between RSCPs to derive RSCPD should be ensured. It can be translated to phase continuity at UE since Rx phase error is the unknown reception timing represented in phase domain. In short, phase continuity should be maintained between two RSCPs for RSCPD derivation. There was a FL’s proposal related to this issue in the last meeting and two options were as follows;
· Option 1: RSCP j is measured from the DL PRS signals received in a subframe SF_j from reference TP j and RSCP i is measured from the DL PRS signals received in a subframe SF i, which should be the same as the subframe SF_j ,or if not feasible, the closest to subframe SF_j, from target TP i.
· Option 2: RSCP j and RSCP i are measured from the DL PRS signals from reference TP j and target TP i within an indicated time window.
Option 1 is very much aligned to the definition of RSTD and option 2 is trying to imply what have been discussed. Between them, our preference is option 2 with further clarification for indicated time window. That is, phase continuity at receiver should be maintained during the indicated time window.
Proposal 3: DL RSCPD should be derived based on two RSCPs within indicated time window where UE maintains phase continuity.

Proposal 4: Adopt TP for 38.215 for the definition of DL RSCPD in the Annex section.

2.2 Carrier phase measurement reporting
For the timing of the carrier phase measurement, it is agreed to be based on one sample. And for the timestamp, it is agreed to reuse existing timestamp with granularity of slot. It should be noted that there is no restriction that timestamp for RSTD/multi-RTT and timestamp for RSCP/RSCPD remains same. Considering the RSTD/multi-RTT can be obtained with 2 or 4 samples, it is natural for having different timestamps for time-based measurement and phase-based measurement. Since the target of RSTD/multi-RTT reported together with RSCP/RSCPD is to help integer ambiguity resolution, those measurements need to be associated. It would be natural that multi-RTT measurement and RSTD with N_sample can be associated with up to N_sample RSCP/RSCPD measurements, which was proposed by FL in the last meeting. Based on proposal, TP based on draft CR is proposed.
Proposal 5: A UE Rx-Tx time difference/DL RSTD obtained with N_sample(=2,4) samples can be associated with (i.e., reported together with) up to N_sample RSCP/RSCPD measurements.

Proposal 6: Adopt TP for 38.214 for the RSCP/RSCPD measurement reporting.

2.3 Differential CPP and PRU
Regarding differential CPP and PRU, agreements have been made targeting on the simultaneous measurement between PRU and the UE to ensure error elimination of the CPP measurement. Nevertheless, there are several issues turned out to be not aligned to the original intention, so it would be worth discussing further.
Firstly, it seems hard to guarantee that a pair of a UE and a PRU uses same frequency layer for RSCP/RSCPD. It should be noted that among the indicated PRS resource sets, which one to be selected is up to UE. The reason why it is up to UE is that the channel quality is key factor which decides the measurement quality but is incontrollable. So far, multiple indicated PRS resource sets for RSCP/RSCPD across multiple PFLs can be configured based on the fact that there is no limitation on configuring indicated PRS resource set to UE for RSCP/RSCPD measurement, for example, only single indicated PRS resource set for CPP measurement can be configured to the UE. If so, even if LMF configures RSCP/RSCPD measurement to a UE and a PRU targeting for simultaneous measurement between the UE and a PRU, there is no guarantee that the PRU and the UE selects same PFL among configured multiple of them. Simple solution can be considered to resolve this issue is let PRU measure and report RSCP/RSCPD across multiple PFLs.
Observation 2: Since the selection of PFL among configured multiple PFLs is up to UE, simultaneous measurement of a UE and a PRU cannot be guaranteed.

On the other hand, even if same frequency layer is used within the UE and PRU, the exact same frequency to derive RSCP/RSCPD is separate problem. As discussed in a previous section, the LMF does not know the RRC state of the UE and the initial DL BWP of UE. Hence, even when LMF decides a pair of UE and a PRU for double differencing and somehow both of their measurement is obtained by same PFL, that UE cannot measure due to the initial BWP. Even assuming that non-default frequency is introduced as proposed in section 2.1, the RF frequency used by the UE and PRU is not aligned. In such case, LMF cannot remove the error of those measurements by differencing and those measurements based on different frequency cannot be reconstructed to each other due to uneliminated inherent error.
Observation 3: For a pair of PRU and a UE configured for simultaneous measurement, currently simultaneous measurement cannot be guaranteed due to the RRC state of UE. Even frequency other than the default is introduced, same RF frequency for RSCP/RSCPD measurement between the UE and PRU cannot be ensured.

In the network deployment perspective, there may not be as many PRUs as there are UEs, or even if there are, the number of PRUs that can be expected to perform differencing with UEs may not be large. This is due to the need to perform simultaneous measurements on the PRS transmitted by the TRP and received in the LOS environment. In this context, from the LMF's point of view, it is natural for the measurement of a single PRU to be associated with the measurement of multiple UEs to perform differentiation. In such a case, if one of the multiple UEs whose measurement is expected to be used for differencing with single PRU enters the RRC_INACTIVE/RRC_IDLE state and performs measurement at an RF frequency which is not the default for RSCP/RSCPD measurement, this would eventually require a change in the RF frequency measured by the PRU for that single UE. This is impractical given the network environment, i.e., the measurement of the single PRU is expected to be used for double differencing with the measurement of multiple UEs. A simple way to address this issue is to let the PRU measure and report phase for multiple frequencies. Considering the RF frequency rather than default in Section 2.1, where a candidate frequency is configured to a UE and one of the frequencies is reported, it would be appropriate for the PRU to measure and report phase measurements for those candidate frequencies. This has the advantage of ensuring the scheduling flexibility of the LMF for PRU-UE pair selection for error elimination, enabling RSCP/RSCPD measurements for UEs in all RRC states, and reducing signaling due to changes in the RF frequency that is used for such UEs for phase measurement. Same rule can be applied for multiple PFL problem mentioned above.
Proposal 7: To guarantee simultaneous RSCP/RSCPD measurement of PRU and a UE using same RF frequency, supports
· PRU can be configured to measure and report RSCP/RSCPD for multiple PFLs.
· PRU can be configured to measure and report RSCP/RSCPD for multiple RF frequency within single PFL.

3. Conclusion
[bookmark: _Hlk146639041]In this contribution, we discussed on remained topics for carrier phase measurement in NR. From the discussion, we obtained following proposals and observations: 

Observation 1: Since measurement gap cannot be configured for UEs in RRC_INACTIVE/RRC_IDLE state, UE behavior in RRC_INACTIVE/RRC_IDLE state is ambiguous when DL RSCP/RSCPD is configured and center of the PFL within initial DL BWP is not applicable.

Proposal 1: Support use of RF frequency of carrier phase measurement other than default accounting for UEs in RRC_INACTIVE/RRC_IDLE state. 
· LMF informs the candidate RF frequency list for DL RSCP/RSPD measurement per PFL, and UE selects a frequency among them. 

Proposal 2: Adopt TP for 38.215 for the definition of DL RSCP in the Annex section. 

Proposal 3: DL RSCPD should be derived based on two RSCPs within indicated time window where UE maintains phase continuity.

Proposal 4: Adopt TP for 38.215 for the definition of DL RSCPD in the Annex section.

Proposal 5: A UE Rx-Tx time difference/DL RSTD obtained with N_sample(=2,4) samples can be associated with (i.e., reported together with) up to N_sample RSCP/RSCPD measurements.

Proposal 6: Adopt TP for 38.214 for the RSCP/RSCPD measurement reporting.

Observation 2: Since the selection of PFL among configured multiple PFLs is up to UE, simultaneous measurement of a UE and a PRU cannot be guaranteed.

Observation 3: For a pair of PRU and a UE configured for simultaneous measurement, currently simultaneous measurement cannot be guaranteed due to the RRC state of UE. Even frequency other than the default is introduced, same RF frequency for RSCP/RSCPD measurement between the UE and PRU cannot be ensured.

Proposal 7: To guarantee simultaneous RSCP/RSCPD measurement of PRU and a UE using same RF frequency, supports
· PRU can be configured to measure and report RSCP/RSCPD for multiple PFLs.
· PRU can be configured to measure and report RSCP/RSCPD for multiple RF frequency within single PFL.

4. Annex
Throughout the contribution, following TPs are provided

Adopt following TP for 38.215.
=================================Unchanged part omitted==================================
5.1.42 	DL reference signal carrier phase (DL RSCP)
	Definition
	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 carrying DL PRS configured for the measurement. 
DL RSCP is associated with one of the candidate frequencies the center frequency of the DL positioning frequency layer (PFL) configured for the measurement.
For PRU, DL RSCP is associated with multiple frequencies of the DL positioning frequency layers (PFL) configured for the measurement
For frequency range 1, the reference point for the DL RSCP shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCP shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE


=================================Unchanged part omitted==================================
=================================Unchanged part omitted==================================
5.1.43 	DL reference signal carrier phase difference (DL RSCPD)
	Definition
	DL reference signal carrier phase difference (RSCPD) is defined as the difference of DL RSCPs measured from DL PRS transmitted in a DL PFL from the transmission point (TP) j and the reference TP i within the indicated time window. UE is expected to maintain phase continuity during the indicated time window. If UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TP for RSCPD is the same as the reference TP reported for RSTD.
For frequency range 1, the reference point for the DL RSCPD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCPD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE


=================================Unchanged part omitted==================================

Adopt following TP for 38.214
=================================Unchanged part omitted==================================
The UE is expected to obtain 1 DL RSCP or DL RSCPD measurement with  as defined in [11, TS 38.133. 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), whereas DL RSTD measurement(s) and UE-Rx-Tx time difference measurement(s) obtained with  or 4, every DL RSTD measurement(s) and UE-Rx-Tx time difference measurement(s) is associated with  of DL RSCP or DL RSCPD measurement(s).
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.
=================================Unchanged part omitted==================================
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