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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 earlier meetings,
	RAN1 112

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.




	RAN1 112bis

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 one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame

Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_ INACTIVE state

[bookmark: _Hlk133310568]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.

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.

Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 

Agreement
For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).
· FFS: the details of the enhancements.


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.

[bookmark: FP2]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.




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





2 RX phase elimination and PEG/TEG aspect
The phase at a certain subcarrier at the reception 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. It is assumed to be fixed and unknown value
·  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 above derivation has been known during SI phase. When the RX group delay is further considered, the distortion of phase would be frequency dependent and hardware dependent. The initial TX and RX phase could be treated as a frequency independent parameter. The TX and RX phase may drift with time. Then we can also treat the initial TX phase as the phase of crystal at the slot boundary time point from the transmission, and the initial RX phase as the phase of crystal at the slot boundary time point from the reception.

DL-RSCPD is that the UE performs the difference on two DL-RSCP measurements. Whether the phase difference between different RF chains due to the group delay of RF filter could be measured on-line may require RAN4 for further study. The simplest way is to use a same RF chain for carrier phase measurements. 

To cancel RX phase under DL-RSCPD, the two DL-RSCP measurement is expected to be as close in time as possible.

The RX phase may not be eliminated during DL-RSCP measurement. The LMF may perform the difference similar to performing the double difference for M-RTT.

[bookmark: _Hlk135001211]If PEG is defined, the UE still needs to maintain the phase difference to be smaller than a threshold among the antennas within a same group ID. It may consult with RAN4 for the feasibility. The most intuitive way is to perform measurement on a same antenna. Without the justification by RAN4, we don't consider PEG definition.


Proposal 2-1: To eliminate RX phase for DL-RSCPD, the corresponding DL-RSCP pair are measured under same RF chain and within a same slot and take difference by UE

Proposal 2-2: To eliminate RX phase for DL-RSCP, it could be done similar to double difference RTT to take difference to form a DL-RSCPD by LMF

Proposal 2-3: If PEG is defined, the UE still needs to maintain the phase difference to be smaller than a threshold among the antennas within a same group ID. It may consult with RAN4 for the feasibility. The most intuitive way is to perform measurement on a same antenna. Without the justification by RAN4, we don't consider PEG definition







3 Simultaneous measurement aspect
For the following agreement reached in previous meeting,
	
Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.



There is an issue to clarify the relationship between “the indicated time window” for simultaneous measurement and “schedule location time”. In TS 23.273, there is a note in section 6.17.4 positioning of a target UE which says that,
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Then, the scheduled location time defined in SA2 may have the same purpose as the indicated time window defined in RAN1. In TS37.355, there is an IE related to scheduled location time, with the following explanation,
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It can be seen that, the existing scheduled location time defines a slot time duration for measurement or for location estimate. The existing “time window” maybe treated as the enhancement of the existing scheduled location time by containing more elements, for example,
· Whether the scheduled location time could be periodic
· Whether the target for measurement alignment should be down to resource level

We consider that the periodic scheduled time could be supported. Further, the transmission within a duration from each TRP may have multiple DL-PRS resources, and may have repetition for each resource. Then the benefit to indicate specific resource(s) is not clear. It could be more meaningful to measure, within a period,  at the first time instance (slot) of each resource in a resource set from each TRP.


Proposal 3-1: For simultaneous measurement, since the agreed “time window” in RAN1 has the same purpose as the “scheduled location time” in SA2, consider that,
· The scheduled location time to be periodic
· Measure, within a period, at the first time instance (slot) of each resource in a resource set from each TRP. The “indicated” resource is not needed




4 Quality indication aspect for carrier phase measurement
The following timing measurement quality has been defined in TS37.355,
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Basically, the quality could be treated as the statistics of the multiple measurements, each associated with a time instance within a time duration. If the time duration is longer, the mobility may impact the statistics to distort the result.

Similarly, the statistics of carrier phase measurements in different time instances may also be used as quality indication. The time instance could be symbol level or slot level depending on UE capability.

Proposal 4-1: The statistics of carrier phase measurements in different time instances may also be used as quality indication. The time instance could be symbol level or slot level depending on UE capability


5 Reference point aspect for carrier phase measurement

	Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame




The antenna phase center is the apparent source of radiation. The measurement definition using antenna connector or antenna as the reference point is mainly due to that the accuracy level doesn't require to be centi-meter level.
For option 1, there is a note that it is up to UE/TRP implementation to map the carrier phase to the reference point for reporting. Then it simply implies that no implementation will be made for the mapping. Option 1 could be treated as a simplified solution to define the reference point, with the potential errors.

Adopting the antenna phase center as the reference point in option 2 should be the correct way. However, the phase center may be direction dependent, so that the calibration becomes complicated.

In reality, the existing measurement type may still not be measured easily when using antenna connector/antenna as the reference point. For example for UE RX-TX time difference measurement, UE may need to know the round-trip (RX+TX) group delay so that the actual measurement could be based on the reference point at antenna connector. Instead, the double differential RTT, similar to DL-TDOA+UL-TDOA is applied.

Option 1 may be considered in Rel-18 due to simplification.

Proposal 5-1: For reference point definition, option 1 may be considered in Rel-18 due to simplification, and with potential error 


6 Integer cycle ambiguity aspect
For each carrier phase measurement, the corresponding integer cycle could be searched blindly by defining a cost function. The search range could be up to NW implementation. All the solutions to resolve integer cycle ambiguity could be treated as the further enhancement for CPP.

There is argument that the search range be derived based on the UE location, not based on the measurement, and this argument is questionable. LMF performs the integer cycle search without knowing the UE location. Each set of integer cycles corresponds to a cost value and therefore, a set of integer cycles used for position calculation could be determined when this set of integer cycles corresponds to minimum cost value.

We can live with the NW implementation to resolve integer cycle ambiguity through blind search. The further enhancement may be considered in the following release.


Proposal 6-1: It is up to NW implementation to resolve integer cycle ambiguity through blind search in Rel-18
 


7 Conclusion
Proposal 2-1: To eliminate RX phase for DL-RSCPD, the corresponding DL-RSCP pair are measured under same RF chain and within a same slot and take difference by UE

Proposal 2-2: To eliminate RX phase for DL-RSCP, it could be done similar to double difference RTT to take difference to form a DL-RSCPD by LMF

Proposal 2-3: If PEG is defined, the UE still needs to maintain the phase difference to be smaller than a threshold among the antennas within a same group ID. It may consult with RAN4 for the feasibility. The most intuitive way is to perform measurement on a same antenna. Without the justification by RAN4, we don't consider PEG definition





Proposal 3-1: For simultaneous measurement, since the agreed “time window” in RAN1 has the same purpose as the “scheduled location time” in SA2, consider that,
· The scheduled location time to be periodic
· Measure, within a period, at the first time instance (slot) of each resource in a resource set from each TRP. The “indicated” resource is not needed

Proposal 4-1: The statistics of carrier phase measurements in different time instances may also be used as quality indication. The time instance could be symbol level or slot level depending on UE capability

Proposal 5-1: For reference point definition, option 1 may be considered in Rel-18 due to simplification, and with potential error 

Proposal 6-1: It is up to NW implementation to resolve integer cycle ambiguity through blind search
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This field indicates that valid at

the wgdu[ggggggag[wg T and comprises the following subfields:
utcTime provides Tin UTC in the form of YYMMDDhhmmssZ.
- gnssTime provides Tin GNSS system time of the GNSS indicated by gnss-TimelD.

- gnss-TOD-msec specifies the GNSS TOD in 1-milli-second resolution rounded down to the nearest
millisecond unit.

- networkTime provides T in E-UTRA or NR network ime.

- lte-PhysCellld, Ite-ArfcnEUTRA, Ite-CellGloballd identifies the reference cell (E-UTRA) that is used for
the network time.

- lIte-systemFrameNumber specifies the system frame number in E-UTRA.

- nr-PhysCelllD, nr-ARFCN , nr-CellGloballD identifies the reference cell (NR) that is used for the network
time.

- nr-SFN specifies the system frame number in NR.
- nr-Slot sieciﬁes the slot number in NR for the indicated subcarrier spacing (SCS). The total NR network

- relativeTime provides T in seconds from current time, where current time is defined as the time the
CommenlEsRequestLocationinformation was received.
NOTE 1: A location estimate returned to an LCS Client, AF or UE for a scheduled location time can be treated by the
LCS Client, AF or UE as an estimate of the location of the UE at the scheduled location time (see TS
23.273 [42)).
NOTE 2: |If this field is present, at least one of ytcTime, i i relative Tt hall be present.
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- NR-TimingQuality

The IE NR-TimingQuality defines the quality of a timing value (e.g., of a TOA measurement).

—— ASN1START
i:= SEQUENCE {
timingQualityValue-rlé INTEGER (0..31),
timingQualityResolution-rl6 ENUMERATED {mdotl, ml, ml10, m30, ...},

1

—- ASN1STOP
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- OTDOA-MeasQuality

- ASNISTART
OTDOA-MeasQuality ::= SEQUENCE {

error-Resolution BIT STRING (SIZE (2)),

error-value BIT STRING (SIZE (5)),

error-NumSamples BIT STRING (SIZE (3)) OPTIONAL,
3

-- ASN1STOPR

OTDOA-MeasQuality field descriptions

error-Resolution
This field specifies the resolution R used in error-Value field. The encoding on two bits is as follows:
‘00 5 metres
01’ 10 metres
"0’ 20 metres
"1 30 metres

error-Value
This field specifies the target device's best estimate of the uncertainty of the OTDOA (or TOA) measurement.
The encoding on five bits is as follows:

‘00000" O to (R*1-1) metres

‘00001" R*1  to (R*2-1) metres

‘00010 R*2 to (R*3-1) metres

'11 111" R*31 metres or more;
where R is the resolution defined by error-Resolution field.
E.g., R=20 m corresponds to 0-19 m, 20-39 m,...,620+ m.
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NOTE 2: Steps 3, 8 and 9 can be performed in any order, including simultaneously. A common scheduled location
time may be used if the LMF determines that simultaneous measurements for UE and PRU(s) are
desirable.




