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Introduction
[bookmark: _Ref7792543][bookmark: _Ref7598514]In this contribution we address remaining issues for positioning using carrier phase measurements.
PRU assistance data to the Target UERAN1#113: 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.
RAN1#114: Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.


It is our understanding that DL RSCP is intended to be used in a round-trip manner together with UL RSCP (similar to how UE Rx-Tx and gNB Rx-Tx are used to construct RTT). The purpose is of combining measurements in both uplink and downlink is to cancel out UE and gNB phase offsets. Since PRU measurements don’t play a role in this scheme (there is no double-differentiation), we don’t see why a Target UE would be interested in PRU DL RSCP measurements.
[bookmark: _Toc146878900]DL RSCP measurements are intended to be combined with UL RSCP measurements to cancel out UE and gNB phase offsets.
[bookmark: _Toc146878897]LMF should not forward DL RSCP measurements of a PRU to a Target UE since differentiation will not be applied to DL RSCP measurements. 
We also want to clarify that for UE-based positioning, the position of the PRU must be available to the Target UE as assistance data. This was mentioned in the RAN1#113 agreement but not in the RAN1#114 agreement. The PRU position is needed in the double-differentiation equations.
[bookmark: _Toc146878898]Clarification: For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the PRU position and the timestamp associated with the PRU carrier phase measurements should be forwarded in positioning assistance data.

Carrier phase measurement differentials and Rx/Tx branches[bookmark: FP2]RAN#1 112b-e
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.

There was no new agreement on this topic at RAN1#113 nor RAN1#114 but FL proposed to concentrate the discussions on Option 1a and Option 2 which most of the companies are supportive of. It is important to reach an agreement on this topic, otherwise carrier phase differentials will be done on phase measurements that are incoherent, which will render them useless. For example, consider a DL RSCPD measurement where the phase of the reference TRP is measured with a first Rx branch and the phase of the neighbor TRP with a second Rx branch.
We are supportive of Option 2. We are also ok with Option 1a which we think is functionally equivalent to Option 2 but with more standardization impact and more signaling overhead.
The main direction for CPP positioning is to perform DL RSCPD measurements together with DL RSTD measurements and report them together, meaning that the same antenna panel/elements are used for both measurements. For uplink it is analogous. With Option 1a, a new Rx-PEG identity will be associated with the carrier phase measurement. However, there will be a one-to-one mapping between Rx-PEG and Rx-TEG. The same holds for Tx since the same transmitted reference signal is used for both measurements there would be a one-to-one mapping between Tx-PEG and Tx-TEG. Therefore we are pro to Option 2, we propose to reinterpret the definition of a “timing error group” so that it captures both timing and phase errors. Besides the timing-error margin, we propose to associate a phase-error margin to each Rx- and Tx-TEG.
[bookmark: _Toc146878899]To address the impact of the phase delays on Tx/Rx RF chains, either
i) enhance the the definition of a “timing error group” so that it captures both timing and phase errors. (Option 2), or
ii) introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals (Option 1a).
Furthermore, Option 1b means to introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs. Essentially similar proposals were debated during Release 17, and those discussions landed in the TEG concept because companies were unwilling to standardize sharing implementation specific information. 
Option 1c is to introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. In our view, two different Rx/Tx chains can have the same ARP, meaning that the actual antenna reference point is not sufficient to distinguish between them. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	DL RSCP measurements are intended to be combined with UL RSCP measurements to cancel out UE and gNB phase offsets.


Based on the discussion in the previous sections we propose the following:
Proposal 1	LMF should not forward DL RSCP measurements of a PRU to a Target UE since differentiation will not be applied to DL RSCP measurements.
Proposal 2	Clarification: For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the PRU position and the timestamp associated with the PRU carrier phase measurements should be forwarded in positioning assistance data.
Proposal 3	To address the impact of the phase delays on Tx/Rx RF chains, either i) enhance the the definition of a “timing error group” so that it captures both timing and phase errors. (Option 2), or ii) introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals (Option 1a).

