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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on expanded and improved NR positioning includes the following RAN1-centric objective of specifying NR DL and UL carrier phase positioning. In this contribution, we will discuss a few remaining issues related with DL and UL carrier phase positioning.
2. Discussions
There are still a few remaining issues for carrier phase positioning.
One remaining issue is the definition of  per path RSCPD:
	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


The per path carrier phase difference shall be supported. In the positioning measurement reporting for DL-TDOA, the UE reports the RSRP and relative time-of-arrival of a few additional path. For each of those additional paths, the UE can also report per path carrier phase difference, which can be calculated with reference to the carrier phase of the first path.  In the reporting of UE Rx-Tx time difference for multi-RTT positioning, the UE also reports the RSRP and relative time-of-arrival of a few additional path. For each of those additional paths, the UE can report the per path carrier phase difference, which can also be calculated with reference to the carrier phase of the corresponding first path.
[bookmark: _Hlk131432764]Proposal 1: Define per path RSCPD and the UE reports the per path RSCPD of each additional path with reference to the first path in the additional path reporting of DL TDOA and multi-RTT.
Another remaining issue is to address the impact of phase delays on Tx/Rx RF chains and we agreed to downselect from a few Alts:
	[bookmark: FP2][bookmark: _Hlk118404580]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.


On the impact of phase delays on RF chain, the Option 1a does not work since it is not feasible for the UE or TRP to group RF chains into a so-called phase error group based on the range of phase error. Option 1b would require the UE or TRP to expose the particular hardware implementation. The hardware antenna ID or RF chain shall not be included in the specification. We also see Option 1c has some issues. The ARP is mainly for the geographical coordination of the antenna reference point. Same ARP means same physical location. Furthermore, there is no ARP for UE and the mobility and rotation of UE would result in that it is not feasible to define ARP for a UE. 
Regarding the Option 2: using a smaller margin value on the existing UE/TRP Tx/Rx TEGs seems to have small impact on specification. However, it is not clear what margin value shall be used to address the phase delays because the initial motivation of TEGs is for time delay, not phase delays. That can be studied by RAN4. In summary, the issue of phase delays shall be first discussed in RAN4.
[bookmark: _Hlk134733417]Proposal 2: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.
It was agreed that the UE can report the phase quality indication for the RSCP/RSCPD measurements. However, that was not properly captured in the specification. 
Proposal 3: Endorse the following TP for TS 38.214
· Reason for change: one agreement was not captured
· Summary of change: Add text description in Section 5.1.6.5 in TS 38.214 to capture the agreement
· Consequences if not approved: The design of carrier phase measurement is not completed
	[bookmark: _Hlk146573163]5.1.6.5	PRS reception procedure
*** Unchanged parts are omitted ***
For DL UE positioning measurement reporting in higher layer parameter NR-DL-TDOA-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase Difference (RSCPD) [7, TS 38.215] measurement along with the DL RSTD. When the UE reports RSCPD measurements the reference nr-DL-PRS-ReferenceInfo is the same as the one reported, for the RSTD measurements. For DL UE positioning measurement reporting in higher layer parameter NR-Multi-RTT-SignalMeasurementInformation the UE may be configured to report the DL Reference Signal Carrier Phase (RSCP) measurement [7, TS 38,215] along with the UE Rx-Tx time difference measurement. 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), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer. 
The UE may be configured to report quality metrics corresponding to the DL RSCP and DL RSCPD measurements which include the following fields:
· phase quality index
· phase quality resolution 

*** Unchanged parts are omitted ***


Furthermore, we have one TP to correct the description on carrier phase measurement:
Proposal 4: Endorse the following TP for TS 38.214:
·  Reason for change: we do not define the terminology “DL carrier phase measurements” but it is used in the specification text
· Summary of change: Change it to “DL RSCP” or “DL RSCPD” which are officially defined in NR specification
· Consequences if not approved: The specification on carrier phase measurement function has ambiguity
	5.1.6.5	PRS reception procedure
*** Unchanged parts are omitted ***
The UE, subject to UE capability, may be requested via [higher layer parameter] to perform positioning measurements on indicated DL PRS resource sets occurring within one or more time window(s) indicated by [higher layer parameter]. 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 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.
If the UE reports LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator along with a measurement report containing DL RSCP or DL RSCPD the LoS/NLoS indicator(s) are assumed to also apply to the DL RSCP or DL RSCPD measurements. 
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurementsRSCP measurements or DL RSCPD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. 
*** Unchanged parts are omitted ***


3. Conclusions
In this contribution, we present our views on carrier phase positioning and the following proposals are made:
Proposal 1: Define per path RSCPD and the UE reports the per path RSCPD of each additional path with reference to the first path in the additional path reporting of DL TDOA and multi-RTT.
Proposal 2: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.
Proposal 3: Endorse the following TP for TS 38.214
· Reason for change: one agreement was not captured
· Summary of change: Add text description in Section 5.1.6.5 in TS 38.214 to capture the agreement
· Consequences if not approved: The design of carrier phase measurement is not completed
	5.1.6.5	PRS reception procedure
*** Unchanged parts are omitted ***
For DL UE positioning measurement reporting in higher layer parameter NR-DL-TDOA-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase Difference (RSCPD) [7, TS 38.215] measurement along with the DL RSTD. When the UE reports RSCPD measurements the reference nr-DL-PRS-ReferenceInfo is the same as the one reported, for the RSTD measurements. For DL UE positioning measurement reporting in higher layer parameter NR-Multi-RTT-SignalMeasurementInformation the UE may be configured to report the DL Reference Signal Carrier Phase (RSCP) measurement [7, TS 38,215] along with the UE Rx-Tx time difference measurement. 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), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer. 
The UE may be configured to report quality metrics corresponding to the DL RSCP and DL RSCPD measurements which include the following fields:
· phase quality index
· phase quality resolution 

*** Unchanged parts are omitted ***


Proposal 4: Endorse the following TP for TS 38.214:
·  Reason for change: we do not define the terminology “DL carrier phase measurements” but it is used in the specification text
· Summary of change: Change it to “DL RSCP” or “DL RSCPD” which are officially defined in NR specification
· Consequences if not approved: The specification on carrier phase measurement function has ambiguity
	5.1.6.5	PRS reception procedure
*** Unchanged parts are omitted ***
The UE, subject to UE capability, may be requested via [higher layer parameter] to perform positioning measurements on indicated DL PRS resource sets occurring within one or more time window(s) indicated by [higher layer parameter]. 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 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.
If the UE reports LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator along with a measurement report containing DL RSCP or DL RSCPD the LoS/NLoS indicator(s) are assumed to also apply to the DL RSCP or DL RSCPD measurements. 
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurementsRSCP measurements or DL RSCPD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. 
*** Unchanged parts are omitted ***
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