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1. Introduction 
In RAN#98 meeting a work item on Expanded and Improved NR Positioning was approved [1]. For positioning accuracy improvement, it was agreed to specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning as follow: 
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In this contribution, we discuss 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, phase error group and others are discussed in each of sections.

2.1 The definition of NR carrier phase measurement
It is agreed to introduce DL RSCP and DL RSCPD as DL carrier phase measurement. Naturally the definition of RSCP and RSCPD will be the following discussion, that is, how the RSCP and RSCPD is to be described in TS 38.215. For the RSCP, detailed description of measurement timing is needed. However, recalling that it is not possible for the UE to measure at a specific timing and that it has been agreed to set a time domain window for simultaneous measurement, the DL RSCP definition can be considered to take this into account and defined as shown in the following Table 1.
Table 1. Example of DL RSCP definition
	Definition
	DL reference signal carrier phase (DL RSCP) is defined as the carrier phase at the time when the UE receives configured DL PRS signal within the indicated time domain window.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



It should be noted that RSCPD can be derived by RSCP. The main difference of between RSCPD and RSTD is that rather than closest measurement is used to derive RSCPD, only valid set of RSCPs can be used to derive RSCPD. Here, a valid set of RSCPs means RSCPs with the same phase error. Therefore, using this and DL RSCP, the definition of RSCPD described in Table 2 can be considered.
Table 2. Example of DL RSCPD definition
	Definition
	DL reference signal carrier phase difference (DL RSCPD) is defined as the DL relative phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCPTDWj – RSCPTDWi,

Where:
RSCPTDWj is the carrier phase at the time when the UE receives configured DL PRS signal from TP j within the indicated time domain window.
RSCPTDWi is the carrier phase at the time when the UE receives configured DL PRS signal from TP i within the indicated time domain window that is within the configured time duration to the time domain window received from TP j.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



Proposal 1: DL RSCP and DL RSCPD can be defined as follows;
· DL reference signal carrier phase (DL RSCP) is defined as the carrier phase at the time when the UE receives configured DL PRS signal within the indicated time domain window.
· DL reference signal carrier phase difference (DL RSCPD) is defined as the DL relative phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCPTDW, j – RSCPTDW, i, where
· RSCPTDW, j is the carrier phase at the time when the UE receives configured DL PRS signal from TP j within the indicated time domain window.
· RSCPTDW, i is the carrier phase at the time when the UE receives configured DL PRS signal from TP i within the indicated time domain window that is within the configured time duration to the time domain window received from TP j.

RF frequency of carrier phase measurement
Reminding the agreements, carrier phase positioning for UE in RRC_INACTIVE state and UE in RRC_IDLE state is supported. It should be noted that measurement gap is not configured for UEs in RRC_INACTIVE state or UEs in RRC_IDLE state and UE can only measure within the initial DL BWP, if the UE is not capable of measuring PRS outside of the initial DL BWP. That is, carrier phase positioning for UEs in RRC_INACTIVE state or UEs in RRC_IDLE state is supported if and only if the RF frequency of carrier phase measurement is within the initial DL BWP of that UE. To achieve it, LMF should configure PRS resource set accounting for the initial DL BWP of such UEs which is very restrictive considering the initial DL BWP information of the UE is not delivered to LMF. Furthermore, only center frequency of the BW is agreed as a default frequency for RF frequency of carrier phase measurement. To resolve such issue, 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 possible way and efficient way the chance of multiple candidate RF frequencies to be included within the UE’s initial DL BWP goes up compared to the single RF frequency indication due to the multiple. The second method would be enabling UE to inform its initial DL BWP information to LMF. It could be the solution on spot however might not be desirable considering network configuration information is delivered to the LMF. Considering only limited time is given, the first method seems desirable due to the simplicity.
Moreover, in contrast to GPS/GNSS, terrestrial networks cannot always guarantee line-of-sight (LOS) environments, which implies that multiple sets of transmitter-receiver pairs are expected to be used for double differencing. From a network operation perspective, it may not be feasible to ensure quality on all channels at the same frequency for each UE to TRP pair, as the channel conditions may vary depending on the situation. Therefore, performing phase measurements at the same frequency for all pairs of UEs can be challenging in such a context. Therefore, it is possible to consider LMF indicating the phase measurement at a specific frequency per PFL or per UE level. Even if CPM is performed in positioning processing window (PPW), i.e., within UE's active downlink BWP, the active downlink BWP and bandwidth of PFL may not be aligned. For such cases, LMF could set a list of specific frequencies within multiple PFLs, and UE could choose from them. However, since the PRU will also be based on the UE's measurement and report procedure, the methods mentioned above can be considered. Although such configurations may not be necessary when the PRU is stationary and the LOS path between the PRU and the gNB does not change, it would be desirable various options are supported for the flexibility of network configuration.
Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options are supported in addition to default center frequency of a PFL
· Option 1: LMF informs the additional RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 2: LMF informs the additional RF frequency list of DL RSCP/RSPD measurement per PFL or per UE, and UE selects a RF frequency in the list for a reporting. 

In summary, we have discussed the support of multiple of candidate RF frequencies for carrier phase measurement of UEs in RRC_INACTIVE state or RRC_IDLE state and to facilitate the difference between UE and PRU measurements. In order to operate according to the described scenario, when the PRU receives the same configuration as the candidate frequency for CPP configured by the UE, it shall perform and report carrier frequency measurement for both the configured candidate frequencies for CPP. However, since a strict distinction between PRUs and UEs was not discussed and considering limited time we have, it would be easier to support PRUs (or UEs with capability) instead for reporting carrier phase measurement of multiple frequencies within single PFL.
Proposal 3: If LMF informing the RF frequency list of DL RSCP/RSPD measurement per PFL or per UE is supported, support PRU (or UE with capability) reporting carrier phase measurement of multiple frequencies within single PFL.


UL SRS, similar to DL PRS, can also be measured through a basic method where the gNB measures the phase of the SRS transmitted by the UE at the center frequency. However, it is important to note that the power of the SRS transmitted by the UE is much lower compared to that of the gNB, and the transmission priority of the positioning SRS is not very high. This implies that the channel environment may be less stable for UL SRS compared to DL PRS. Therefore, to ensure accurate phase measurements, it is recommended to use multiple sets of transmitter-receiver pairs, each set with different frequencies, and perform double differencing for error elimination. Additionally, to compensate for the non-stable channel environment, the LMF may need to consider multiple frequency lists per SRS resource (set) or UE, and indicate the gNB to perform phase measurements on a selected frequency from the list. However, it should be noted that the UL SRS measurement and reporting procedure differs from that of the DL PRS. In addition, from the perspective of the LMF, which performs double differencing for network operation, it may be considered to directly indicate the RF frequency for performing double differencing to the gNB. However, due to the characteristics of the PRU mentioned earlier in DL PRS, configurability for this RF frequency may be unnecessary, so further discussions may be needed on this matter.
Proposal 4: For determination of RF frequency of UL RSCP reporting for a target UE, following is supported in addition to default center frequency of a SRS resource
· LMF informs the additional RF frequency of UL RSCP measurement per UE or SRS resource (set)

Timing information of carrier phase measurements
In previous RAN1#112bis-e meeting, following two options are agreed to make decision in RAN1#113.
	Agreement
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. 
· FFS: Whether to clarify in the specification the reported RSCP/RSCPD value presents the RSCP/RSCPD of a specific OFDM symbol 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.


The difference is that option 1 is a slot-level granularity time stamp that reuses the existing NR-TimeStamp in the absence of FFS, while option 2 is a symbol-level granularity time stamp. Therefore, it is necessary to discuss whether the time stamp is needed at the slot level or the symbol level. First of all, it is our understanding that reporting for the carrier phase per OFDM symbol can be supported even if the NR-TimeStamp defined in TS 37.355 is used as the timestamp for carrier phase measurement, since the NR-TimeStamp is representative value of time when it is measured rather than exact timing when it is measured. Moreover, assuming there is a 0.1ppm frequency drift in the UE oscillator, the phase change between two OFDM symbols can be as much as 0.3/14=0.02 Hz for a 3GHz carrier, which is negligible when it is translated to positioning accuracy error. Therefore, option 1 is supported without FFS point.
Proposal 5: Support NR-TimeStamp, currently defined in TS 37.355, to be reused as the timestamp with the granularity of a slot for a timestamp associated with a reported RSCP/RSCPD measurement without specifying specific OFDM symbol within the slot defined by the NR-Timestamp.

According to the agreement in the previous RAN1 meeting, CPM can be reported together with the existing positioning measurements (e.g. RSTD, RTOA, and Rx-Tx time difference) to resolve inter ambiguity problem. Accuracy of the estimated time-based positioning measurement can be improved by utilizing multiple samples.
One can argue that the accuracy of phase measurements is hard to be improved by averaging multiple observations due to the mobility of UE that results in significant phase variation. Since the time duration for multiple observation is within sub-frame level, assuming 10ms, and the position change due to UE mobility assuming 60km/h is around 17cm. In terms of phase, it would be cause tremendous difference since it is almost two times of period when carrier frequency is 3.5 Ghz (). From that, it is our understanding that averaging multiple observations for phase measurements can cause performance degradation when mobility of UE is high. Moreover, it should be noted that the key idea of (double) differencing is to eliminate common error between two different measurements by directly subtracting of measurements, rather than estimating the error and subtracting which enables estimation error is not present. To fully utilize the benefit of double differencing, common error should be guaranteed between measurements. In that perspective, averaging multiple observations for phase measurements can impact on the performance of error elimination when double differencing is applied. 
Hence, when CPM is reported together with existing positioning measurements, reporting a time domain positioning measurement based on multiple samples (or instances) shall be allowed, while CPM is measured based on one sample (or instance). Since the number of time instances for each positioning measurements within a joint measurement reporting could be different, how to report time stamp in a positioning measurement report shall be discussed. In case of joint measurement reporting, it would be general idea that one of the time instances used for a time-based positioning measurement could be used as the time instance for CPM. Moreover, for double differencing of CPM, location server would require timing information on UE measures phase value. 
Proposal 6: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, M(≥1) samples (or instances) is used for the time-based positioning measurement while one sample (or instance) is used for the RSCP/RSCPD measurements.

2.2 Carrier phase measurement reporting
It was agreed that DL RSCP will be reported together with UE Rx-Tx time difference measurement and DL RSCPD will be reported together with RSTD measurement. In this regard, two topics remained open. First, there is a need to discuss whether to support standalone carrier phase measurement or not, and second, how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting.
For the first, to determine whether standalone carrier phase measurement is supported, we need to look at why RSCP/RSCPD should be reported over the legacy positioning method. Since the legacy positioning method is less accurate than RSCP/RSCPD, its purpose is to help resolve integer ambiguity rather than to enhance measurement accuracy. In other words, it can be used to remove outliers among candidate values for an integer value, or to indicate that a valid integer value is within a certain range. It should be noted that integer ambiguity only occurs for the UEs whose position is not determined. 
On the other hand, the PRU and/or the UEs whose position is determined can be configured to measure and report the DL carrier phase measurement to enable double differencing of UEs whose position is not determined. For such fixed position PRUs and UEs whose position is known, integer ambiguity resolution is not required. Therefore, requiring the DL carrier phase measurement to always be reported together with the legacy positioning method is not desirable in terms of power saving as it mandates unnecessary measurement and report signalling all the time, and it would be appropriate to indicate according to the necessity of the network. Therefore, standalone carrier phase measurement should be supported. However, due to the lack of the time, it is not desirable at this stage to introduce standalone carrier phase measurement. It can be dealt in the Rel-19 CPP.
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Figure 1. UE reception timing of PRS from different TRPs

In this section, how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting is discussed. It should be noted that unknown initial Rx phase can be eliminated by double differencing, which implies it cannot be eliminated when RSCP reporting only. In RSCPD, Rx phase error elimination is achieved through differentiation. Differencing means performing error elimination through the difference between different measurements that have a common phase error. To illustrate this, consider the following scenario; Suppose a UE receives PRS #0 and PRS #1 from TRP#0 and TRP#1, respectively. This is depicted in Figure 1. It is practically impossible for the PRSs transmitted by each TRP to be received by the UE at the same time. In order for the UE to receive both PRSs at the same time, it is necessary to assume that the distance between TRP#0 and the UE and the distance between TRP#1 and the UE are the same and that TRP#1 and TRP#0 transmit at the same time, which is not possible because the PRS configuration is not updated every time according to the UE's position, and even if it is, it is not possible due to the mobility of the UE.
Therefore, it is realistic to define a time interval where the initial Rx phase error for PRS#0 received by the UE from TRP#0 and the initial Rx phase error for PRS#1 received by the UE from TRP#1 are the same, and perform double differencing based on this. This is achieved by ensuring phase continuity during the time interval when the UE receives PRS#0 and PRS#1. In other words, in the example in Figure 1, let the distance between the UE and TRP#0 be , the distance between the UE and TRP#1 be , and the initial Rx phase error at the k-th symbol be . Then the phase of PRS#0 received by the UE at the n-th symbol is , and the phase of PRS#1 received by the UE at the m-th symbol is  where  is the function that transform distance into the phase. In this case, if it can be guaranteed that  at the n-th symbol and the m-th symbol, i.e., the timing when UE received PRS #0 and PRS #1 remain within the phase continuity window, the two initial Rx phase errors can be eliminated by differencing. For the phase continuity window discussed above, reusing the agreed indicated time window for indicated PRS resource set can be considered. For example, if the indicated time window contains two different indicated PRS resource sets, it can be considered as phase continuity window.
Observation 1: Initial phase error between carrier phase measurements of different timing may different from each other if phase continuity is not guaranteed. 
Proposal 7: For RSCPD, pair of RSCP should be selected in a same slot or within a same phase continuity window to eliminate unknown initial Rx phase.

Instead of using multiple samples for a single-phase measurement, reporting multiple CPMs for sequential time instances could be considered. By using multiple CPMs for sequential time instances, not only the positioning accuracy improvement but also the tracking UE position would be possible. For example, multiple RSCP/RSCPD measurements can be associated with one time-based positioning measurement. To avoid positioning accuracy degradation due to the phase error between CPMs, lower phase error differences between CPMs would be preferred. Hence, concept of PEG or phase continuity window for guaranteeing zero or small phase error variation needs to be considered. 
Proposal 8: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, one time-based positioning measurements can be associated with multiple RSCP/RSCPD measurements with different time instances

2.3 Differential CPP and PRU
Double differencing or differential CPP is targeting to error elimination, especially for Tx/Rx initial phase errors. Both of aspects are discussed separately. To eliminate initial phase error in Rx, it is necessary to use a pair of RSCP measurements with the same initial phase error. Accounting for the method of double differencing, which is error elimination by direct differencing between measurements rather than by estimating the error, ensuring same phase error between measurements to be differentiated should be guaranteed. Note that the initial phase error can vary over time and vary over different antennas/panels even for the same time instance. Therefore, it is essential to consider using the same TEG or PEG to ensure accurate measurements. Likewise, to eliminate initial phase error in transmitter, it is worth fixing the PRS resource or PEG for a TRP when UE measures DL PRSs. This approach can result in more accurate and precise measurements. Therefore, looking deep into these details is crucial in obtaining the most accurate measurement results possible.
Observation 2: Differences in the initial phase error of the transmitter/receiver from phase measurements between different antennas/panels would degrade the positioning accuracy of CPP.
	
On the other hand, to eliminate initial phase error in Tx, it is necessary to use a pair of RSCP/RSCPD measurements with the same initial phase error, similar to the former case. To enable it, indication of RSCP/RSCPD measurement on two different PRS resource(s), or intra-UE simultaneous RSCP/RSCPD, should be supported. Things to be considered are, for the carrier phase measurement, indicated PRS resource set is used according to the agreements and priority of TRP or even for the PRS resource sets can be configured following current specification. Therefore, to indicate the UE to measure different PRS resources set at the same time, it should be indicated to have a higher priority for certain PRS resources among the indicated set of PRS resources, based on the priority rule accounting for the existing rules. However, this is overcomplicated given the time available. Therefore, the possible approach would be picking a simple one, which is to configure a new priority for a PRS resource for CPP measurement.
Proposal 9: To enable intra-UE simultaneous RSCP/RSCPD measurement, introduce new priority of PRS resource for CPP measurement. 

2.5 Phase error group
Regarding the PEG, following options are agreed to be down-selected in previous meeting.
	Agreement
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 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.


Among the options, introducing Tx/Rx RF antenna or chain IDs or ARP ID has commonality that it can be interpreted as revealing the implementation perspective. Since the UE/TRP Tx/Rx TEG can be easily extended to PEGs and even can be reused for the zero margin as discussed above, introducing such new IDs seems unreasonable. It could be end up with limitation or mandatory of specific implementation of Tx/Rx antenna to support carrier phase measurement.
Proposal 10: Among the options for phase delays on Tx/Rx RF chains, support both/either option 1a and/or option2

The key idea of double differencing is to eliminate errors through direct differentiation without estimation. To enable this, common errors must be guaranteed in different measurements, so a set of two different transmitters and two different receivers is required. That being said, even if the transmitters are different, it is possible to perform differencing if they have a common error or similar errors within a certain margin. It is also true in reciprocal view, that is, from the receiver's perspective. This means that introducing PEG from the LMF perspective can provide flexibility in setting the pairs of measurements for differencing, and therefore, it should be considered for adoption. From the perspective of the transmitter and receiver, Tx PEG can be considered when the phase error, including initial Tx error, is the same or within a certain margin. Similarly, Rx PEG can be considered when the phase error, including initial Rx error, is the same or within a certain margin.
Proposal 11: Support Tx and Rx PEG (Phase Error Group) for CPP, where
· Tx PEG: positioning RS with same phase error or error difference smaller than certain margin
· Rx PEG: positioning measurement with same phase error or error difference smaller than certain margin

The concept of PEG can be appropriately considered based on TEG. The difference is that it is in the phase domain, not the time domain, and the granularity may differ depending on the accuracy targeted by CPP. Therefore, it may be difficult to derive PEG from TEG or directly apply TEG to PEG. In addition to that, it should be noted that existing non-zero Tc values (e.g. 1 Tc) is larger than one wavelength. Hence only TEG with zero margin can be applicable for CPP.
Proposal 12: For option2, PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.

2.7 Others
According to the TR 38.859 [2], it was observed that higher positioning accuracy can be obtained as PRU located closer to the target UE. In a previous meeting, it was agreed that information for simultaneous transmission/measurement between PRU and a target UE is served to gNB and/or UE. In the case of UE assisted positioning, LMF may have prior knowledge on UE location and indicate appropriate PRS resource sets or SRS resource set configuration based on this knowledge. However, it should be noted that the nearest PRU from the UE could be changed due to the UE mobility. Also, information on simultaneous measurement/transmission can be different between PRUs (e.g. appropriate PRS resource set and measurement timing for CPP may be different). Therefore, it would be beneficial to introduce switching mechanism for simultaneous measurement/transmission with low latency. 
Meanwhile, in case of UE based positioning, it would be worth to let the UE determine for itself which PRU associated information would be required for simultaneous measurement. For this purpose, it could be considered to serve UE about information regarding PRU, such as location and associated information for simultaneous measurements. Also, methods for request procedure for receiving CPP measurements from the preferred PRU could be considered as well. 

3. Conclusion
In this contribution, we discussed on potential enhancements on OFDM based carrier phase measurement in NR. From the discussion, we obtained following proposals and observations: 

Proposal 1: DL RSCP and DL RSCPD can be defined as follows;
· DL reference signal carrier phase (DL RSCP) is defined as the carrier phase at the time when the UE receives configured DL PRS signal within the indicated time domain window.
· DL reference signal carrier phase difference (DL RSCPD) is defined as the DL relative phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCPTDW, j – RSCPTDW, i, where
· RSCPTDW, j is the carrier phase at the time when the UE receives configured DL PRS signal from TP j within the indicated time domain window.
· RSCPTDW, i is the carrier phase at the time when the UE receives configured DL PRS signal from TP i within the indicated time domain window that is within the configured time duration to the time domain window received from TP j.

Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options are supported in addition to default center frequency of a PFL
· Option 1: LMF informs the additional RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 2: LMF informs the additional RF frequency list of DL RSCP/RSPD measurement per PFL or per UE, and UE selects a RF frequency in the list for a reporting. 

Proposal 3: If LMF informing the RF frequency list of DL RSCP/RSPD measurement per PFL or per UE is supported, support PRU (or UE with capability) reporting carrier phase measurement of multiple frequencies within single PFL.

Proposal 4: For determination of RF frequency of UL RSCP reporting for a target UE, following is supported in addition to default center frequency of a SRS resource
· LMF informs the additional RF frequency of UL RSCP measurement per UE or SRS resource (set)

Proposal 5: Support NR-TimeStamp, currently defined in TS 37.355, to be reused as the timestamp with the granularity of a slot for a timestamp associated with a reported RSCP/RSCPD measurement without specifying specific OFDM symbol within the slot defined by the NR-Timestamp.

Proposal 6: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, M(≥1) samples (or instances) is used for the time-based positioning measurement while one sample (or instance) is used for the RSCP/RSCPD measurements.

Observation 1: Initial phase error between carrier phase measurements of different timing may different from each other if phase continuity is not guaranteed. 

Proposal 7: For RSCPD, pair of RSCP should be selected in a same slot or within a same phase continuity window to eliminate unknown initial Rx phase.

Proposal 8: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, one time-based positioning measurements can be associated with multiple RSCP/RSCPD measurements with different time instances

Observation 2: Differences in the initial phase error of the transmitter/receiver from phase measurements between different antennas/panels would degrade the positioning accuracy of CPP.

Proposal 9: To enable intra-UE simultaneous RSCP/RSCPD measurement, introduce new priority of PRS resource for CPP measurement. 

Proposal 10: Among the options for phase delays on Tx/Rx RF chains, support both/either option 1a and/or option2

Proposal 11: Support Tx and Rx PEG (Phase Error Group) for CPP, where
· Tx PEG: positioning RS with same phase error or error difference smaller than certain margin
· Rx PEG: positioning measurement with same phase error or error difference smaller than certain margin

Proposal 12: For option2, PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.
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