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Introduction
In RAN1#113 [1], we discussed the solutions for NR carrier phase measurement and reporting. In this paper, we further provide our views on the remaining issues for NR carrier phase positioning.

Time stamp of NR carrier phase measurements
In RAN1#113 [1], the timing information of NR carrier phase measurements were discussed.
	Adopt one of the following options for a timestamp associated with a reported RSCP/RSCPD measurement (make the decision in RAN1#113): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
· The reported RSCP/RSCPD value represents the RSCP/RSCPD of the last OFDM symbol of the PRS/SRS resources within the slot identified by the NR-TimeStamp.
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.



For the measurement timing of RSCP/RSCPD, we think the timestamp associated with a reported RSCP/RSCPD measurements should be enhanced to include the OFDM symbol index in a slot. As the carrier phase measurements could be different on different OFDM symbols in a slot due to the impacts of carrier phase errors (e.g. CFO/Doppler). 
For the option 1, we think that the RSCP/RSCPD of the last OFDM symbol of PRS/SRS resources within a slot cannot represent the RSCP/RSCPD on other symbols in the slot. When there is CFO/Doppler, the RSCP on each individual symbol changes linearly with the symbol index, where the rate of the phase change (CFO/Doppler) could be different from one TRP to another. Then it should be natural to consider rather the mid-symbol of the resource so that the phase impact from Doppler/CFO on the preceding/succeeding symbol are pair-wise cancelled. Similarly, in the frequency domain, we should use the center frequency for RSCP/RSCPD measurement instead of the frequency corresponding to the REs at the edge of the frequency domain resource allocation of PRS/SRS.
For the sake of future-proof/flexibility and inter-operability, we think that reporting a symbol index in the time stamp should be adopted, which can be set by the UE/TRP within the time span of the PRS/SRS resource.
Proposal 1: Support to adopt NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.
Note: the OFDM symbol index is only applicable for the RSCP/RSCPD measurement.

Frequency information of NR carrier phase measurements
In RAN1#112bis-e [2], the RF frequency of NR carrier phase measurements were discussed and we have the following agreement.
	Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.



The specific RF frequency associated with a DL/UL carrier phase measurement is defined as the center frequency of the DL PFL/the transmission bandwidth of the SRS by default. There may be a couple of issues if we always follow the default value.
When the number of subcarriers is an even number, the center frequency is not mapped to any RE.
With comb-based structure, it could also be possible that there is no RE mapped on the center frequency.
When CPP is combined with RedCap positioning with frequency hopping, the center of each hop may not be aligned with the overall PRS BW, and CPP measurement based on single hop may not be aligned with the overall PRS BW either.
In summary, only having a default frequency has many potential issues and restriction in real deployments, and thus we have the following proposal.
Proposal 2:  Support reporting the frequency information together with the associated carrier phase measurement.
The frequency information can be an ARFCN associated with the RSCP/RSCPD measurement.

Carrier phase measurement quality
In RAN1#112bis-e [2], the additional measurement reporting was discussed and we have the following agreement.
	Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 



With regard to the quality indication of the carrier phase measurement, we think that reporting the carrier phase measurement quality indication for corresponding the phase measurements can be helpful to increase accuracy for NR CPP, as LMF can select the carrier phase measurement with good quality. As for the method to indicate the quality of carrier phase measurement, we assume that the candidates of the carrier phase measurement quality indication can include an estimate of uncertainty of the phase value and the resolution of the carrier phase quality, like the existing quality indication for ToA/AoA. For instance, the uncertainty of the phase value can be a decimal between 0 and 1, with a granularity of 0.1. And the uncertainty of carrier phase may be related to the variance of the carrier phase measurements. If the phase variance is large, it indicates that there is a large error in the carrier phase measurement due to multipath or other measurement errors. For the resolution of the carrier phase quality, we think the resolution of the carrier phase may be 1° or less, depending on the hardware conditions of the UE/TRP. Besides, the quality of the carrier phase measurement may also be expressed by the quality of the channel.
Proposal 3: Support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements.

Differential CPP and PRU
Simultaneous SRS transmission
In RAN1#113 [1], the simultaneous SRS transmission have been discussed and we have the following working assumption.
	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 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



On the remaining FFS, our view is as follows:
For the number of consecutive slots/symbols, our preference is to include the following parameters to match a reference SRS configuration provided to the PRU: {1-symbol, 2-symbol, 4-symbol, 8-symbol}.
For the maximum number of windows, we think that 16 should be sufficient to cover the potential reference SRS configurations provided to the PRU.
Proposal 4: Regarding the time domain for the gNB to configure the SRS that is transmitted simultaneously with a PRU
· The window duration is selected from {1-symbol, 2-symbol, 4-symbol, 8-symbol}
· The maximum number of windows is 16.

Number of samples (instances) for carrier phase measurements
In RAN1#112bis-e [2], the following proposal about phase measurement reporting has been agreed.
	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
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.
Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.



For RSCP reported along with Rx-Tx time difference and/or RTOA, to eliminate the time-varying phase offset , LMF needs to select the RSCP measurements that are measured at the same time to do the differentiation operation. It is noted that the Rx-Tx time difference and/or RTOA can be obtained based on the measurement of multiple PRS and/or SRS instances. However, for carrier phase, due to the time-varying characteristic, it can only be obtained based on a single PRS/SRS instance. Time domain combination/smoothing cannot be adopted unless advanced algorithm is introduced. Hence, to ensure that enough RSCP measured simultaneously can be selected during each measurement reporting, multiple RSCP measurements associated with one Rx-Tx time difference and/or RTOA measurement can be reported.
For RSCPD reported along with RSTD measurement, the RSTD can also be obtained based on the measurement of multiple PRS instances. However, for RSCPD, due to the time-varying characteristic, it can only be obtained based on one PRS instance.  Similar to the discussion of RSCP reporting, time domain combination/smoothing cannot be adopted in RSCPD reporting. Hence, multiple RSCPD measurements associated with one RSTD measurement can be reported to ensure that enough RSCPD measurements can be selected during each measurement reporting to increase the accuracy of carrier phase positioning.
Therefore, we support that if a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to   RSCP/RSCPD measurements each of which is based on a single RS instance. 
Proposal 5:  If a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to   RSCP/RSCPD measurements each of which is based on a single RS instance.

Assistance information for UE-based CPP
In RAN1#113 [1], the following proposal about UE-based CPP has been agreed.
	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. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.



For the AoD of PRU to each TRP, we think these information should be reported to the target UE for UE-based carrier phase positioning in the positioning assistance data. The relative position of the PRU and the target UE can be calculated based on the AoD of PRU and the carrier phase measurement especially when the location of TRP is unknown. Following is the process of the calculation.
When the target UE and PRU are located close to each other, it can be assumed that the target UE and PRU have a very close AOD to a same TRP, as showing in the following figure:
[image: ]
Figure 1 UE-based carrier phase positioning method
Assuming the AOD between TRP1 and UE/PRU is , and the AOD between TRP2 and UE/PRU is .  are the distances from PRU and target UE to TRP1 and  are the distances from PRU and target UE to TRP2, respectively.  is the vector from the PRU to the UE. We can get the double differential distance  as following formula:

Where and  can be obtained from the double differential carrier phase measurement. If there are three TRPs, we can get the double differential distance  as following formula:

Then, the location of target UE can be calculated by using the following formula: 
 
Through the above carrier phase positioning method, we can obtain the location of UE without the location of TRP.
Proposal 6:  In addition to the PRU CPP measurement, additional information in the assistance data should include AoD of PRU to each TRP.

Phase error group
In RAN1#113 [1], the phase error group was discussed.
	To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of the UE/TRP Tx/Rx PEGs
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.



About the phase error group, we think that defining the UE/TRP Tx/Rx phase error groups for the Tx/Rx of DL PRS/UL SRS signals is not feasible to address the impact of the phase delays on Tx/Rx RF chains, as different chains would have different phase. It is not case as TEG where two chains could be grouped in a TEGs, while for phase measurement, different chains should be different PEGs.
Recall the functionality of TEG, where different chains are virtualized as timing error group. It on one hand facilitates the multiple chains combination, while on the other hand, fails to commit even the simplest functionality of identifying the ToA measurements (from multiple TRPs) obtained from the same antenna. The TEG feature took a sufficient long time to stabilize, and even now RAN2/RAN4 is still discussing the margin values.
Observation 1: TEG feature took a very long time to stabilize, and the functionality cannot fulfill the basic needs.
We do not think we should open up the discussion of PEG, based on the lesson learnt from TEG. On the other hand, since the localization of UE using RF technologies is actually localizing UE antenna reference point, while the CPP positioning could be able to differentiate different UE antenna reference points due to its high accuracy, a straightforward way to report the ARP information for Rx/Tx. In this case, we do not need to discuss how to group the antenna, nor do we need discuss any margin value.
Proposal 7: Do not introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.
Proposal 8: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.

Standalone reporting of carrier phase measurements
In RAN1#112bis-e [2], standalone reporting of carrier phase measurements was discussed and whether to support standalone carrier phase measurements is not determined.
	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
· FFS: details on ho
Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.



In our view, the motivation of introducing standalone CPP measurement is based on the fact that when it is combined with subband carrier phase measurement reporting, the multiple subband carrier phase measurements can be used to obtain the ToA by the LMF. This is generally not ideal since gNB can well calculate the ToA based on the subband carrier phase measurement on its own, fallback to the original ToA positioning methods.
We do not see strong motivation to introduce such a standalone CPP method, where the existing ToA+RSCP measurement is sufficient to reach very high accuracy.
Proposal 9: Do not support stand-alone carrier phase measurement reporting.

Conclusion
In this contribution, we have the following observation and proposals with regards to the NR carrier phase positioning.
Observation 1: TEG feature took a very long time to stabilize, and the functionality cannot fulfill the basic needs.
Proposal 1: Support to adopt NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.
Note: the OFDM symbol index is only applicable for the RSCP/RSCPD measurement.
Proposal 2:  Support reporting the frequency information together with the associated carrier phase measurement.
The frequency information can be an ARFCN associated with the RSCP/RSCPD measurement.
Proposal 3: Support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements.
Proposal 4: Regarding the time domain for the gNB to configure the SRS that is transmitted simultaneously with a PRU
· The window duration is selected from {1-symbol, 2-symbol, 4-symbol, 8-symbol}
· The maximum number of windows is 16.
Proposal 5:  If a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to   RSCP/RSCPD measurements each of which is based on a single RS instance.
Proposal 6:  In addition to the PRU CPP measurement, additional information in the assistance data should include AoD of PRU to each TRP.
Proposal 7: Do not introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.
Proposal 8: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.
Proposal 9: Do not support stand-alone carrier phase measurement reporting.
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