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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The following agreements were reached in previous meeting,
	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP

Agreement
NR 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 (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP

Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP

Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements


Agreement
NR UL 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 (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE

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
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.




In this contribution, we further express our views on the present issues.

2 Simultaneous measurements between UEs
The phase at a certain subcarrier could be observed as follows,
[image: ]
where,
· fc denotes the carrier frequency, fa denotes the frequency of a subcarrier
·  denotes the phase mismatch between TX and RX oscillator
·  denotes the transmission timing of the signal
·  denotes the arrival timing of the signal
·  denotes the slot (or symbol) boundary offset between TX and RX
·  is the desired phase

The double difference method by leveraging PRU’s measurement may cancel the phase mismatch (difference) term to improve the fractional cycle measurement accuracy. Note that the accuracy of the fractional cycle measurement will further impact the integer cycle search result. 

The phase of the oscillators at TX and RX may change over time. The simultaneous measurement between UEs and PRUs (also treated as UEs) may have the chance to cancel the phase mismatch more precisely. Then we have the following views for the simultaneous measurements,
· [bookmark: _Hlk131759088]The simultaneous measurements may not be enabled if PRU is not deployed
· The simultaneous measurements between UEs are to aim at particular measurement types. It is not that all the measurement types require the cancellation of the common impairments
· The DL-RSTD measurements that may be impaired by the sync error between TRPs. Then DL-RSTD measurements may also be suitable for simultaneous measurements 
· When a UE performs the simultaneous measurements, it is not expected to average over instances for reporting
· Any sophisticated mechanism to intentionally control UE’s measurement behavior is not preferred. A simple mechanism to indicate the simultaneous measurements could be considered. For example, a configured start time and a duration that each DL-PRS instance within the duration may be measured


Proposal 2-1: The simultaneous measurements may not be enabled if PRU is not deployed

Proposal 2-2: The simultaneous measurements between UEs are to aim at particular measurement types

Proposal 2-3: When a UE performs the simultaneous measurements, it is not expected to average over instances for reporting

Proposal 2-4: Any sophisticated mechanism to intentionally control UE’s measurement behavior is not preferred. A simple mechanism to indicate the simultaneous measurements could be considered. For example, a configured start time and a duration that each DL-PRS instance within the duration may be measured




3 Definition of the measurement type (quantity)
It is seen that,

	Agreement
NR 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 (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP




It is for further study that whether the measurement timing needs to be defined within the carrier phase measurement type. In the existing measurement types, the measurement timing is not defined.

UE may measure at different time instance to obtain different results, since there are a certain number of time varying parameters that may influence the measurement results. For example, the mobility for channel, the SFO for symbol boundary, and the temperature for group delay. So basically any measurement quantity is time varying. As such, there is no need to define the measurement timing within the definition of measurement quantity. 

It is also not expected that the phase mismatch between the TX oscillators would be changed so drastically so that the carrier phase measurement should be measured in a per symbol basis. The staggered DL-PRS pattern may not be suitable for phase observation per symbol because it is a different set of subcarriers for observation in different symbol.

The DL-PRS pattern with small number of symbols could be considered from implementation point of view, and the measurement could be per slot basis even when there is repetition within each instance.

Proposal 3-1: There is no need to define the measurement timing within the definition of measurement quantity

Proposal 3-2: The DL-PRS pattern with small number of symbols could be considered from implementation point of view, and the measurement could be per slot basis even when there is repetition within each instance

4 Reporting support
It is known that the carrier phase measurement is to derive the fractional cycle for a TOA, or a RSTD. The integer cycle part may rely on the search. The legacy DL-RSTD measurement may provide the center point for the search. If the search range is not provided, it may depend on location server’s computation capability to search and therefore, it is up to implementation.

In our view, the below option 1 and option 3 could be considered to support. The both options rely on the receiver algorithm to use. For option 1, it is similar to apply the IFFT method with smaller size so that within a carrier, the phase corresponding to the first path in several separate subcarriers could be derived.

	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.



For option 3, the search range could be observed when high resolution receiver is applied. For example, the high resolution receiver based on minimum output energy criterion is able to produce the peak during the detection. The peak width may depend on SNR and channel condition. UE may determine the search range based on the observation and report to LMF at least as the guidance. 
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                 Fig. 4-1,                                               Fig. 4-2,
High resolution receiver may have the resolution at the wavelength level, which could be used to provide the search range for LMF. It is also seen that the peak width depends on SNR


Proposal 4-1: support the following two options,
· Option 1: support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· Option 3: support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF


5 Conclusion
Proposal 2-1: The simultaneous measurements may not be enabled if PRU is not deployed

Proposal 2-2: The simultaneous measurements between UEs are to aim at particular measurement types

Proposal 2-3: When a UE performs the simultaneous measurements, it is not expected to average over instances for reporting

Proposal 2-4: Any sophisticated mechanism to intentionally control UE’s measurement behavior is not preferred. A simple mechanism to indicate the simultaneous measurements could be considered. For example, a configured start time and a duration that each DL-PRS instance within the duration may be measured

Proposal 3-1: There is no need to define the measurement timing within the definition of measurement quantity

Proposal 3-2: The DL-PRS pattern with small number of symbols could be considered from implementation point of view, and the measurement could be per slot basis even when there is repetition within each instance

Proposal 4-1: support the following two options,
· Option 1: support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· Option 3: support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF

Proposal 5-1: Support both the CP and CPD measurements 
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