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[bookmark: _Toc131604798]Introduction
Rel-18 new work item on expanded and improved NR positioning includes the following objective related to carrier phase positioning (CPP) [1]:

· 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].

RAN1 has been working on the aforementioned objective in RAN1#112 [2] and EAN1#112bis-e[3]. The purpose of this contribution is to provide a summary of the following email discussion of the objective, based on the contributions submitted to this meeting ([4-25]).

The discussion will focus on the following aspects: 

1) Definition of NR carrier phase measurements
2) NR carrier phase measurements and reporting
3) Differential CPP and PRU
4) Integer ambiguity
5) Phase error group
6) Carrier phase measurement quality
7) UE measurement capability
8) Measurement procedures
9) Multipath mitigation
10) Others
Please note that in this FL summary, a FL proposal may be designated as (H)(M)(L) to indicate its high, medium or low priority for online or offline discussions in this meeting. Nevertheless, we encourage all interested companies to provide feedback on all FL proposals. The FL may revise the priority of the proposals based on inputs from interested companies during the meeting, if it is deemed necessary

Definitions of NR carrier phase measurements
Background
	Agreement (RAN1#112)
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 (RAN1#112)
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 (RAN1#112)
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 (RAN1#112bis-e)
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.





Definition of RSCPD
Submitted Proposals: 
	vivo [4]
	Proposal 3:	
· NR DL reference signal carrier phase (RSCPD) (of i-th path) is the DL relative phase difference between the Transmission Point (TP) j and the reference TP k, defined as CPj – CPk,
· Where:
· CPj is 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 from TP j. 
· CPk is 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 from TP k. 
· •	CPj ,  CPk are associated with the same RF frequency.

	Huawei, HiSilicon[6]
	Proposal 8:  For RSCPD measurement, the RSCPD is obtained based on the simultaneously measured carrier phases of the reference TRP and neighbour TRP.

	Intel[8]
	Proposal 1
· For DL RSCPD, as for DL RSTD measurements, the measurements are performed on DL PRS received in a subframe SF_j from target TP j and in a subframe SF_i from reference TP i that is closest in time to subframe SF_j.


	LGE[19]
	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 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.
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.

	Intel[8]
	Proposal 1
· For DL RSCPD, as for DL RSTD measurements, the measurements are performed on DL PRS received in a subframe SF_j from target TP j and in a subframe SF_i from reference TP i that is closest in time to subframe SF_j.

Proposal 9
· DL RSCPD is defined only with respect to the first path detected in time.


	Qualcomm[18]
	Proposal 3: Do not adopt RSCP/RSCPD definitions for the i-th path for i>1 unless clear benefits from this are demonstrated. 

	OPPO[20]
	[bookmark: _Hlk131432764]Proposal 2: 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.





FL Comments:
For NR DL reference signal carrier phase difference (RSCPD) measurement, it was agreed in previous meeting that “RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.” The agreement is very general in the sense that does not define when the RSCPs are measured from the DL PRS signals from target TRP and reference TRP. For this meeting, Huawei [6] proposes the “RSCPD is obtained based on the simultaneously measured carrier phases”, Intel [8] proposes RSCPD are obtained from the RSCPs of the closed subframes; and LGE [19] proposes the RSCPD are obtained from RSCPs of the indicated time domain window. 

In addition, RAN1 has agreed the per path definition of RSCP (Note: Whether to support reporting RSCP of additional paths in Rel-18 is under a separate discussion). Reporting the RSTD for additional paths are supported in Rel-17, but the definition in TS 38.215 does not include per path RSTD in the definition in TS 38.215. Thus, for the definition of RSCPD, it is unclear on whether and how to define per path RSCPDs. For this meeting, vivo [4] proposes a definition of RSCPD including the i-path, while Intel [8] and Qualcomm [18] propose DL RSCPD is defined only with respect to the first path, while OPPO [20] proposes defining the per path RSCPD. Therefore, there is a need for RAN1 to discuss whether to define per path RSCPD (Note: Similar to RSCP, whether to support reporting of RSCPD can be a separate discussion).

(H)(Round 1) Proposal 2.1-1
The NR DL reference signal carrier phase difference (RSCPD) is the phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCP j – RSCP i, where (down-select one of the following options)
· Option 1: RSCP j and RSCP i are simultaneously measured from the DL PRS signals from reference TP j and target TP i.
· Option 2: RSCP j is measured from the DL PRS signals received in a subframe SF_j from reference TP j and RSCP i is measured from the DL PRS signals received in a subframe SF i, which is closest to subframe SF_j, from target TP i.
· Option 3: RSCP j and RSCP iI are measured from the DL PRS signals from reference TP j and target TP i within an indicated time window.
· FFS: the details of the time window configuration
· Send LS to RAN4 to confirm RAN1’s decision and provide the feedback if RAN4 has any concern on defining the corresponding performance requirements.

	Company
	comments

	vivo
	Option 2, similar to RSTD, and detailed time restriction can be up to RAN4 to define the requirement. 

	ZTE
	Slightly prefer option 2, simultaneous measurement or measurement in the indicated time window is not always mandatory for UE.

	Locaila
	We are wondering whether SF_i and SF_j in option 2 include the case where (SF_i = SF_j), i.e. the simultaneous transmission. If so, option 2 can be preferred as a broader super set. However, if option 2 may not include this extended meaning and only refers to TDD mode where SF_i and SF_j are transmitted differently, we believe that both option 1 and option 2 both should be supported.
In option 1, when TRP > 12 in indoor or sidelink scenarios, the current comb_N structure can not support such a large number of simultaneous transmission.
It would be better if option 2 is clarified as follows:

· Option 2: RSCP j is measured from the DL PRS signals received in a subframe SF_j from reference TP j and RSCP i is measured from the DL PRS signals received in a subframe SF i, which is closest to subframe SF_j, from target TP i.
Note: SF_i and SF_j can be identical
FL: Follow the existing definition of RSTD, the definition covers the case when the two SFs are the same, although adding the not should also be fine.
We do not support Option 3. The measurement time window is a feature to support the double-difference method. From our perspective, it may not necessary. Just the expression “"closest to”" in option 2 is sufficient.


	CATT
	Option 2

	Huawei, HiSilicon
	We prefer Option 1. We do not support Option 2.
FL: Ideally, it is highly desirable to simultaneously measure the RSCPs from both TRPs. However, it may not always be possible, at least when the DL PRSs from both TRPs are TDMed.

	LGE
	We support Option 3. The reason why it should be estimated simultaneously in our understanding, is to ensure same phase error within two measurements, which enables the double difference to eliminate errors in it. In that sense, if the same Rx phase error can be assumed, which is the intention of the ‘indicated time window’, RSCPD can be derived by using them. 
We also fine with Option 1, but in our opinion the definition of “simultaneously measured” should be defined more clearly. 
In Option 2, to ensure same phase error, the UE should ensure the same phase error within the subframe, which is not desirable.

FL: My understanding on the three options: y understanding of the three options. 
Option 1 is an ideal situation. It offers the possibility to minimize Rx error’' impact, But, I am not sure it is always be feasible due to the potential transmission of DL PRSs from TRPs that are not overlapping in time.
For Option 2, DL PRSs from TRPs can be sent in the same or different OFDM symbols/slots/subframes, which my result in some impact from Rx errors due to the time gaps between the DL PRS. To address this impact adequately, it would be necessary to define performance requirements that consider the time gaps between the DL PRSs. On the other hand, 
For Option 3, the window size provides actually the maximum time gaps for Option 2.

	Xiaomi
	Prefer Option 2

	Fraunhofer
	In case of devices (uEs or TRPs) with several antennas or beams the beam management should take into account that a simultaneous measurement in the same SF is possible. If this is not feasible a degradation according to non-ideal frequency recovery and phase noise will result if the closest SF is selected. The allowed offset depends on the frequency recovery accuracy and phase noise performance. 
According to this we propose a combination of the options: 
-  If feasible the measurements are performed simultaneously 
-  Depending on the beam configuration and the UE capabilities the measurements may be performed in the nearest SF

FL: We may have a compromised wording as follows for the time of the measurements. About beam configuration and the UE capabilities, my consideration is that these issues may have the impact on whether and when the measurements can be obtained, but it would be better not to be mixed with the definition of the measurements.

	Qualcomm
	Option2. Also there is a typo – ‘closet’’closest’. Agree with vivo that detailed timing restriction can be upto RAN4; send LS to RAN4 on the agreement and requesting them to define requirements on the proximity of the PRS resources being measured.
FL: We may send LS to RAN4 if we want RAN4 to confirm RAN1’s agreement. By default, RAN4 will discuss whether and how define the performance requirements for new measurements unless RAN1  specifically asks them not to.

	FL
	Based on the comments received, we may consider the following modifications:
(H)(Round 1) Proposal 2.1-1 (Revision #1)
The NR DL reference signal carrier phase difference (RSCPD) is the phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCP j – RSCP i, where (down-select one of the following options)
· Option 1: RSCP j and RSCP i are simultaneously measured from the DL PRS signals from reference TP j and target TP i.
· Option 2: RSCP j is measured from the DL PRS signals received in a subframe SF_j from reference TP j and RSCP i is measured from the DL PRS signals received in a subframe SF i, which is should be the same as the subframe SF_j ,or if not feasible, the closest to subframe SF_j, from target TP i.
· Option 3: RSCP j and RSCP i are measured from the DL PRS signals from reference TP j and target TP i within an indicated time window.
· FFS: the details of the time window configuration
· Send LS to RAN4, asking RAN4 to confirm RAN1’s agreement and provide the feedback if RAN4 has any concern with the agreement.


	Samsung
	We would like to add to each option, that RSCP i and RSCP j are measured using the same reference point or Rx RF chain.
Furthermore, UE should maintain phase continuity between measurements (no TA adjustment).

	Nokia/NSB
	Okay with option 2. Even though the signals should be measured simultaneous in most cases we don’t see the need to restrict the definition as proposed in option 1. 

	mtk
	Maybe option 2 is better since it could align with DL-RSTD measurement (RSCPD doesn't stand alone for measurement) 





[bookmark: P211](H)(Round 1) Proposal 2.1-1 (Revision #1)
The NR DL reference signal carrier phase difference (RSCPD) is the phase difference between the Transmission Point (TP) j and the reference TP i, defined as RSCP j – RSCP i, where (down-select one of the following options)
· Option 1: RSCP j and RSCP i are simultaneously measured from the DL PRS signals from reference TP j and target TP i.
· Option 2: RSCP j is measured from the DL PRS signals received in a subframe SF_j from reference TP j and RSCP i is measured from the DL PRS signals received in a subframe SF i, which is should be the same as the subframe SF_j ,or if not feasible, the closest to subframe SF_j, from target TP i.
· Option 3: RSCP j and RSCP i are measured from the DL PRS signals from reference TP j and target TP i within an indicated time window.
· FFS: the details of the time window configuration
· Send LS to RAN4, asking RAN4 to confirm RAN1’s agreement and provide the feedback if RAN4 has any concern with the agreement.

	Company
	comments

	mtk
	1, maybe in 215 for definition, the original option 2 is used in order to align with DL-RSTD measurement (RSCPD doesn't stand alone for measurement). And in 214, we may say “UE expects to measure in the same subframe for RSCPi and RSCPj.” 

   If NW configures DL-PRS for TPi and TPj at different slot/subframe, how UE could measure them in same slot/subframe?

	Intel
	Same question as MTK and that is why we do not think we can say the subframes “should be the same, or if not feasible…” in the definition in 215. Thus, we also prefer to align the terminology of 215 for DL RSTD which was in the original version of the proposal.

	FL
	The proposal was discussed in Tuesday’s offline session w/o agreement.





[bookmark: P212](H)(Round 1) Proposal 2.1-2
Adopt one of the following options related to per path RSCPD definition 
· Option 1: Similar to RSTD, there is no need to introduce per path RSCPD in the definition. 
· Note: Whether and how to support the reporting of additional path RSCPD can be a separate discussion.
· Option 2: The NR DL reference signal carrier phase difference (RSCPD) of k-th path is the phase difference between the Transmission Point (TP) j and the reference TP i, , defined as RSCP j – RSCP i, where
· RSCP j is 1st path RSCP measured from the DL PRS signals from reference TP j 
· RSCP i is the k-th path measured from the DL PRS signals from target TP i.
· Note: Whether and how to support the reporting of additional path RSCPD can be a separate discussion.
· Option 3: No further discussion of the definition and reporting of the per path RSCPD in Rel-18.

	Company
	comments

	Vivo
	We are okay with option 1

	ZTE
	Option 1 or option 3 are both OK for us. Measurement for additional path is not preferred.

	Locaila
	Option 3.
Low priority minor issue in rel-18, from our view. 
Although we understand the proposal, we need to spend more time on other major issues.

FL: It would be better for RAN1 needs to make a decision or conclusion for the issue in this meeting.
 

	CATT
	Option 1 or Option 3

	Spreadtrum
	Support option 1.

	Huawei, HiSilicon
	Option 2

	LGE
	Support option 3.
The reason for supporting it would be the situation when LOS path is not well estimated by UE. Rather than that, it is our understanding that the advantages and how the UE position can be enhanced by the carrier phase of different paths are not elaborated well. Since we have so many details to be discussed, we can remain this issue for Rel-19.

	Xiaomi
	Prefer Option 1

	Fraunhofer
	Option 2

	Qualcomm
	Option 1

	Samsung
	Support option 1 or option 3. 

	Nokia/NSB
	Option 2. 

	mtk
	Option 3

	Intel
	Option 1 or 3. 





Reference point of carrier phase measurements
Background
	Agreement (RAN1#112bis-e)
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




Submitted Proposals: 
	Spreadtrum Communications[5]
	Proposal 3: For the reference point of the UE/TRP carrier phase measurements, support option 1.

	Huawei, HiSilicon[6]
	Proposal 1: Support 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.

	CATT[7]
	Proposal 2: For the definition of the reference point of the UE/TRP carrier phase measurements, support Option 2 in RAN1#112bis-e:
· 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.

	Intel[8]
	Proposal 6
· For DL/UL CPP, the reference point of the UE/TRP carrier phase measurements are defined based on: 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.	


	Xiaomi[9]
	Proposal 1: The reference point for DL RSTD can be reused for DL RSCP. 
Proposal 3: The reference point for UL RTOA can be reused for UL RSCP.

	ZTE[10]
	[bookmark: _Ref7001]Proposal 1: Support the following definition for reference point of the UE/TRP carrier phase measurements:
· 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.


	Nokia, NSB[14]
	Proposal 1: Support Option 2 for the UE/TRP carrier phase measurement reference point: 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.

	IIT Kanpur, CEWiT[15]
	Proposal5: The reference point for DL and UL RSCP and RSCPD measurement should be the same as the reference point for reporting the existing RSTD and RTOA measurement.
Proposal6: The reporting of the phase center offset indicator along with RSCP and RSCPD by measuring UE/TRP should be supported. 

	Fraunhofer IIS/HHI[16]
	Proposal 1: 	UE/TRP provides the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF (option 2)
Proposal 2: 	Consider the impact of carrier frequency and AoA/AoD to the PCO
	Option 1: The PCO is an average value for different AoA/AoD and frequency (or a frequency range), wherein the averaging (weighted sum) is FFS. 
	Option 2: The UE/TRP PCO can be defined versus frequency and AoA/AoD.

	Qualcomm[18]
	Proposal 1: The reference points for DL RSCP/RSCPD and UL RSCP measurements should be the same as those for DL RSTD and UL RTOA respectively

	OPPO[20]
	[bookmark: _Hlk134733408]Proposal 4: Support Option 1 for the definition of reference point of the UE/TRP carrier phase measurement.

	Samsung[21]
	Proposal 1: For carrier phase positioning measurement, the DL RSCP reference point is defined the same as the reference point of DL RSTD.
Proposal 2: For carrier phase positioning measurement, the UL RSCP reference point is defined the same as the reference point of UL RTOA.


	NTT DOCOMO[22]
	Proposal 7: 
· Support the following option:
· 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.

	Lenovo[23]
	Proposal 4: Support Option 1 of re-using the legacy DL and UL reference points from the RAN1#112bis-e meeting for both DL and UL RSCP/RSCPD measurements.  

	Ericsson[24]
	Proposal 2	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. (Option 1)

	MediaTek[25]
	Proposal 5-1: For reference point definition, option 1 may be considered in Rel-18 due to simplification, and with potential error.



FL Comments:
The reference point of the carrier phase measurements has been discussed intensively in the previous meetings. It was agreed to make a decision on which option to pick in this meeting. From the submitted proposals, the companies’ views on this issue may be summarised as follows:
· Option 1: the antenna connector (as RSTD/RTOA)
· Supported by: Spreadtrum, Intel, Xiaomi, ZTE, IT Kanpur, CEWiT, Qualcomm, OPPO, Samsung, NTT DOCOMO, Lenovo, Ericsson, MediaTek
· Option 2: the antenna phase center (APC)
· Supported by: Huawei, HiSilicon, CATT, Nokia, NSB, Fraunhofer IIS/HHI

It seems the majority of companies prefer defining the reference point of NR carrier phase measurements to be the same as the legacy timing measurements. Consider that we have decided to make the down-selection in this meeting, the suggestion from the FL is to bring the proposal to online session to make the decision. In addition, regardless which option is selected, we may consider asking RAN4 to conform RAN1’s decision, since the selection of the measurement reference point for RSCP/RSCPD is tightly related to the corresponding performance requirements.
[bookmark: P221](H)(Round 1) Proposal 2.2-2
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
· Send LS to RAN4, asking RAN4 to confirm RAN1’s decision and provide the feedback if there is any concern on the definition.

	Company
	comments

	vivo
	Option 1. We think the reporting PCO is not accurate, up to UE implementation to remove the error or ignore the error is better than reporting the inaccurate offset 

	ZTE
	Option 1. Both option 1 and option 2 require UE estimate the relation between antenna connector and APC, reusing the current definition is more reasonable. 

	CATT
	Option 2. We can accept Option 1 if that is the view of the majority companies.

	Spreadtrum
	Support option 1.

	Huawei, HiSilicon
	We are fine with Option 1.

	LGE
	Considering the RSCP/RSCPD is reported with RSTD/RTT, we prefer option 1 slightly.

	NTT DOCOMO
	Support option 1. We think the reference point would be better to align with reference point of the existing positioning methods since NR carrier phase positioning may be based on the existing RSTD/RTOA for integer ambiguity resolution.

	Xiaomi
	Prefer Option 1

	Fraunhofer
	Option2

	Qualcomm
	Option 1

	IIT Kanpur, CEWiT
	Option 1

	Samsung
	Support option 1. Given that RSCP can be reported with RSTD or RTOA, it is natural to have the same reference point.

	Nokia/NSB
	Same view as CATT.

	mtk
	Option 1

	Intel
	Option 1.





Timing of carrier phase measurements

Background
	Agreement (RAN1#112bis-e)

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.

Agreement (RAN1#112bis-e)
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.




Submitted Proposals: 
	Spreadtrum Communications[5]
	Proposal 4: support option 1 as the timestamp associated with a reported RSCP/RSCPD measurement

	Huawei, HiSilicon[6]
	Proposal 3: Support to enhance the NR-TimeStamp, currently defined in TS 37.355, to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurement report.

	CATT[7]
	Proposal 3: For a timestamp associated with a reported RSCP/RSCPD measurement, support Option 2 in RAN1#112bis-e:
· 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.


	Intel[8]
	Proposal 7
· For a timestamp associated with a reported RSCP/RSCPD measurement adopt Option 1 from RAN1 #112bis-e:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 


	Xiaomi[9]
	Proposal 7: Reuse NR-timestamp with clarification in the specification that the specific OFDM symbol is the first or the last symbol of the PRS/SRS resource.

	ZTE[10]
	[bookmark: _Ref7641]Proposal 4: Adopt the following option for a timestamp associated with a reported RSCP/RSCPD measurement): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 

	CMCC[12]
	Proposal 2: For a timestamp associated with a reported RSCP/RSCPD measurement, support Option 2 agreed in RAN1#112bis-e meeting:
· 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.

	InterDigital[13]
	Proposal 4: For TimeStamp for RSCP/RSCPD, support 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)


	Nokia, NSB[14]
	Proposal 8: Support 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.

	Apple[17]
	Proposal 3: The timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot
· the specification could be updated to indicate that the reported RSCP/RSCPD value presents the RSCP/RSCPD valid for the last OFDM symbol of the DL PRS/UL SRS resource in the slot where valid does not necessarily mean specific. 
· it is up to UE implementation whether to use multiple OFDM symbols or which OFDM symbol will be used for the carrier phase measurement.

	Qualcomm[18]
	Proposal 2: Existing NR-TimeStamp, together with existing reporting of which PRS Resource was measured, is enough to establish the measurement timing 

	LGE[19]
	Proposal 4: 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.


	OPPO[20]
	[bookmark: _Hlk134733412]Proposal 5: Support Option 1 for the timestamp associated with a reported RSCP/RSCPD measurement.

	Samsung[21]
	Proposal 7: For carrier phase positioning measurement, when combining carrier phase cross multiple symbols, the carrier phase measurement should be independent of the symbol location.
Proposal 8: For carrier phase positioning measurement, for RSCPD, a UE should maintain phase continuity between carrier-phase measurement of TRP1 and TRP2.


	Lenovo[23]
	Proposal 7: Support Option 1 of re-using the legacy definition of NR-TimeStamp IE associated to DL/UL carrier phase measurements. 

	Ericsson[24]
	Proposal 11	Associate NR-TimeStamp (Option 1) with RSCP/RSCPD measurements. Do not add any identify OFDM-symbol information.

	
	



FL Comments:
The issue of whether/how the measurement timing is defined has been discussed intensively in the previous two meetings. It was agreed to make a decision on which option to pick in this meeting. From the submitted proposals to this meeting, the companies’ views for the reference point of NR carrier phase measurements may be summarised as follows:

· 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.
Supported by: Spreadtrum, Intel, Xiaomi (with clarification), ZTE, Apple(with clarification), Qualcomm, LGE, OPPO, Samsung, Lenovo, Ericsson
· 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.
· Supported by: Huawei, HiSilicon, CATT, CMCC, InterDigital, Nokia, NSB

The is a slightly a majority support for Option 1. One of the main reasons for companies to support Option 1 is that RS signals from multiple OFDM symbols may be used to determine the carrier phase. In this case it will be difficult to determine which OFDM symbol is used to represent the obtained measurement. One potential solution to address this issue is to define the OFDM symbol by default the corresponding OFDM symbol, e.g., the last OFDM symbol of RS resource that is used for the measurement, as proposed in [9]. 
[bookmark: P231](H)(Round 1) Proposal 2.3-1

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 Tthe reported RSCP/RSCPD value presents the RSCP/RSCPD of the lasta specific OFDM symbol of the PRS/SRS resources 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.


	Company
	comments

	vivo
	Option 1 and remove the second sub-bullet. 
For the sub-bullet, we think the phase drift across PRS symbols within a resource can be ignorable if no power and RF change

	ZTE
	Option 1. We share the similar view with vivo.

	CATT
	Option 2. We can take Option 1 with the subbullet as a compromise. 

	Spreadtrum
	Option 1 and agree with vivo.

	Huawei, HiSilicon
	Option 2

	LGE
	Similar view with vivo. Option 1 without second sub-bullet.
As we mentioned in our contribution, the phase difference between different symbols within same slot is not tremendous.

	Xiaomi
	Prefer Option 1

	Fraunhofer
	Option 2

	Qualcomm
	Option 1 without the second sub-bullet. The timing of the measurement can only be identified upto granularity of PRS-resource, not specific OFDM symbol; so clarifying it as the last OFDM symbol does not make sense in our view.

	Samsung
	Prefer option 2. The measurement report can include CP measurement for multiple OFDM symbols, hence multiple OFDM symbol index can be included.

	Nokia/NSB
	Prefer option 2. 

	Intel
	Option 1 without the sub-bullet. 




Carrier phase measurement reporting
Reference TRP for RSCPD
Background
	Agreement (RAN1#112bis-e)
· 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.



Submitted Proposals: 
	CATT[7]
	Proposal 10: In cases where RSCPD and RSTD are reported together in a measurement report, the reference TRP for RSTD of a PFL also serves as the reference TRP for RSCPD of the same PFL. If a measurement report contains multiple measurement instances, the reference TRP for RSTD is likewise the reference TRP for RSCPD in each measurement instance of the same PFL.

	Intel[8]
	Proposal 3
· For RSCPD, the reference cell is same as the reference cell configured by the LMF for DL RSTD reporting and is independent from serving cell. 


	InterDigital[13]
	Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
Proposal 3: Support the UE to select and report the reference TRP for phase difference measurements.

	Qualcomm[18]
	Proposal 7: When UE reports RSCPD together with RSTD, the reference TRP for both RSCPD and RSTD shall be the same, and is indicated using the same mechanism as that used for RSTD reference TRP in legacy Rel-16/17




FL Comments:
It was agreed in previous meeting that RSCPD and RSTD can be reported together. For this case, multiple companies (e.g., [7][8][13][18]) propose that the reference TRP for RSTD and RSCPD should be the same. In addition, it was proposed in [13] that similar to RSTD, it is up to UE to select and report the reference TRP for RSCPD measurements. One issue that may need to be considered is that the reported DL RSTD and RSCPD may not have the same timestamp, since multiple samples (up to 4) may be used for a reported RSTD, while a RSCPD may be obtained by a single sample (see further discussion in Section 3.2). Thus, RSTD and RSCPD shares the same reference TRP may be limited to the case when RSTD and RSCPD are reported together with the same timestamps. A measurement reports may have the RSTD from multiple DFLs. Shares the same reference TRP should apply only for the measurements in the same PFL.

(H)(Round 1) Proposal 3.1-1

· If a UE reports RSCPD measurements together with RSTD measurements in the same PFL in a measurement report, and if the RSCPD and RSTD have the same timestamp, the reference TRP for both RSCPD and RSTD should be the same.
· Note 1: How to select the reference TRP for RSCPD is up to UE.
· Note 2: How to indicate the reference TRP for RSCPD and RSTD is up to RAN2.
· Note 3: Reporting RSCPD measurements together with RSTD measurements in a measurement report does not mean the number of samples used to get RSCPD measurements is the same number of samples used to get RSTD measurements.

	Company
	comments

	vivo
	We prefer to remove “and if the RSCPD and RSTD have the same timestamp”
And we think the reference TRP can be the same even in the case of RSTD for multiple samples and RSCPD for a single sample

	ZTE
	Support and ok to remove “and if the RSCPD and RSTD have the same timestamp”

	CATT
	Support

	Spreadtrum
	Support the proposal and agree with vivo.

	Huawei, HiSilicon
	OK, and also fine with vivo’s version.

	LGE
	We support the direction that reference TRP for both of RSCPD and RSTD is same when it is reported together. 
Also, we tend to agree with vivo’s view that we may not need “and if the RSCPD and RSTD have the same timestamp”.
Besides, intention of Note 3 seems quite blur to us.
FL: The meaning of Note 3 is indeed not clear. It hould be “Reporting RSCPD measurements together with RSTD measurements in a measurement report does not mean RSCPD measurements are obtained with the same number of samples as the RSTD measurementss” as discussed in Section 3.2.

	NTT DOCOMO
	We are supportive to the vivo’s proposal.

	Xiaomi
	Share same view that “and if the RSCPD and RSTD have the same timestamp” is not needed.

	Fraunhofer
	Support FL proposal

	Qualcomm
	Similar view as vivo, delete “and if the RSCPD and RSTD have the same timestamp”. Also delete or clarify Note 3, which seems to be an incomplete sentence

	IIT Kanpur, CEWiT
	We are fine with the proposal.  

	Samsung
	OK with feature lead proposal without Note 3. We prefer to keep “and if the RSCPD and RSTD have the same timestamp”, otherwise the UE wouldn’t be able to change reference TRP at a feature time.

	Nokia/NSB
	We don’t think note 1 and note 2 are needed. 

	FL
	It seems the majority companies share the similar view as vivo, and the Note 3 may need further discussion. Please use the following revision for further comments.
(H)(Round 1) Proposal 3.1-1 Revision #1)
· If a UE reports RSCPD measurements together with RSTD measurements in the same PFL in a measurement report, the reference TRP for both RSCPD and RSTD should be the same.
· Note 1: How to select the reference TRP for RSCPD is up to UE.
· Note 2: How to indicate the reference TRP for RSCPD and RSTD is up to RAN2.

	Intel
	OK



(H)(Round 1) Proposal 3.1-1 Revision #1)
· If a UE reports RSCPD measurements together with RSTD measurements in the same PFL in a measurement report, the reference TRP for both RSCPD and RSTD should be the same.
· Note 1: How to select the reference TRP for RSCPD is up to UE.
· Note 2: How to indicate the reference TRP for RSCPD and RSTD in signalling is up to RAN2.

	Company
	comments

	Intel
	OK

	
	




Number of samples (instances) for carrier phase measurements
Background
	Agreement (RAN1#112bis-e)
· 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.



Submitted Proposals: 
	Huawei, HiSilicon[6]
	Proposal 9:  For RSCP reporting, multiple RSCP measurement instances associated to one Rx-Tx time difference and/or RTOA can be reported together.
Proposal 10:  For RSCPD reporting, multiple RSCPD measurement instances associated to one RSTD can be reported together.

	vivo [4]
	Proposal 7:	
· Indicated PRS resource or PRS priority within an instance is not needed and not supported.

	CATT[7]
	Proposal 15: When RSCP/RSCPD are reported together with DL RSTD/UE Rx-Tx time difference measurements, and if more than one measurement instances are included in the measurement report, RSCP/RSCPD and DL RSTD/UE Rx-Tx time difference measurements should be reported at the same measurement instances.

	Qualcomm[18]
	Proposal 9: Support only M=1 sample processing for carrier phase measurements

	LGE[19]
	Proposal 5: 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.
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
· FFS: PEG or phase continuity condition for multiple RSCP/RSCPD measurements associates with the time-based positioning measurement



FL Comments:
In Rel-17, a UE may be configured to report one or more measurement instances, each has its own timestamp, on DL RSTD and/or UE Rx-Tx time difference measurements, in a single measurement report. The measurement of each instance may be obtained based on the DL PRS processing of multiple samples as defined in TS 38.113. For RSCP/RSCPD, combining the measurements of multiple samples may not be meaningful due to change of the carrier phases at different samples can be significant. Thus, it seems reasonable to support only M=1 for RSCP/RSCPD as proposed in [18][19]. Due to each RSTD and/or UE Rx-Tx time difference measurement may use M>1 samples, while RSCP/RSCPD is obtained from M=1 sample, it may happen that one RSTD and/or UE Rx-Tx time difference measurement is associated with more than one RSCP/RSCPD as proposed in [6].

`(H)(Round 1) Proposal 3.2-1

· Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
· If a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD can be associated with (i.e., reported together with) up to RSCP/RSCPD measurement instances.

	Company
	comments

	vivo
	OK

	ZTE
	We prefer do not limit the number RSCP/RSCPD measurement samples. As RSCP/RSCPD is reported together with RTT/RSTD measurement, the measurement sample should not be limited.

	Locaila
	Low priority minor issue, from our view. 
Although we understand the proposal, we need to spend more time on other major issues.
FL: In FL’s view, this is fundamental issue that needs to be clarified for DL RSCP/RSCPD measurement.

	CATT
	OK

	Spreadtrum
	OK with this proposal.

	Huawei, HiSilicon
	Support a UE Rx-Tx time difference/DL RSTD(obtained with  =2 or 4 samples) can be associated with up to  RSCP/RSCPD measurement instances.

	LGE
	We support the proposal. 

	Xiaomi
	Fine with the proposal

	Fraunhofer
	Support
N > 1 is especially for tracking and DL-PRS with low periodicity

	Qualcomm
	The second bullet is not needed. The UE can already support the multiple measurement instance reporting in a single report and it can use that feature to support multiple CPP measurements on different instances.
FL: The issue here is that for R17 measurement report, there can be multiple RSTD measurement instances. When DL RSCP/RSCPD measurement instance are reported together with RSTD measurements, there is a need to have some clarifications on the difference and relation between the RSTD measurement instances and RSCP/RSCPD measurement instances. Another way to make the clarification is to add the 
The DL RSCP/RSCPD measurement instances have their own timestamps, which may or may not be.the same as legacy measurements.

	[bookmark: _Hlk135739105]IIT Kanpur, CEWiT
	We are fine with the proposal

	Nokia/NSB
	We think we can say that at least N = 1 sample is supported for RSCP/RSCPD

	FL
	Revised proposal for further discussion:
(H)(Round 1) Proposal 3.2-1 (Revision #1)
· Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
· Adopt one of the following alternatives:
· Alt. 1, If a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to RSCP/RSCPD measurement instances.
· Alt 2., The number and the timestamps of the RSCP/RSCPD measurement instances may or may not be the same as the number and the timestamps of the UE Rx-Tx time difference/DL RSTD measurement instances.




[bookmark: P321](H)(Round 1) Proposal 3.2-1 (Revision #1)
· Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
· Adopt one of the following alternatives:
· Alt. 1, If a UE Rx-Tx time difference/DL RSTD is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to RSCP/RSCPD measurement instances.
· Alt 2., The number and the timestamps of the RSCP/RSCPD measurement instances may or may not be the same as the number and the timestamps of the UE Rx-Tx time difference/DL RSTD measurement instances.

	Company
	comments

	
	

	
	





Reporting of carrier phase measurements with legacy measurements
Background
	Agreement (RAN1#112)
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 (RAN1#112bis-e)
· 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 (RAN1#112bis-e)
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
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




Submitted Proposals: 
	CATT[7]
	Proposal 7: When DL RSCPD/RSCP measurements are reported together with RSTD/UE Rx – Tx time difference measurements in a measurement report, the DL RSCPD/RSCP measurements are restricted to a single DL PFL only, whereas the RSTD/UE Rx – Tx time difference measurements can be from either a single DL PFL or multiple DL PFLs.  
Proposal 8: When UL RSCP measurements are reported together with RTOA/gNB Rx – Tx time difference measurements in a measurement report, the UL RSCP measurements are restricted to a single UL carrier only, whereas the RTOA/gNB Rx – Tx time difference measurements can be from either a single UL carrier or multiple UL carriers. 

	CMCC[12]
	Proposal 1: The following information should be considered in the CPP measurement reporting:
· The timestamp
· The measurement quality
· Reference TRP / DL PRS resource set / DL PRS resource(s) ID

	IIT Kanpur, CEWiT[15]
	Proposal13: The additional information apart from the carrier phase measurement should include.
· The information mapping the measurement to the specific frequency domain resource(carrier, subcarrier, PFL).
· The information mapping the measurement to the specific measurement reference point.
· The information mapping the measurement to the PRS/SRS resource and resource set. 
· The receiver beam information to mitigate the effects of the beam phase 
· The gap in the frequency domain if measurements are reported corresponding to multiple frequency resources.  
· LoS/NLoS indication 
· RSRP of the path corresponding to carrier phase measurement is 
· The error sources corresponding to the measurements, such as TEG, PEG, or any other.

	Apple[17]
	Proposal 1: No action by RAN1 to eliminate unknown initial Rx phase with RSCP/RSCPD reporting

	Qualcomm[18]
	Proposal 5: UE does not report RSCP together with RSTD. UE does not report RSCPD together with UE-RxTx.
Proposal 6: The granularity of the phase reporting should be fine enough so that the error it produces is much smaller than the UE’s positioning error. Values of the granularities can be left to RAN4.

	Samsung[21]
	Proposal 17: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· Quality indicator
· Phase continuity indicator since last measurement

	Ericsson[24]
	Proposal 5	For joint reporting of DL RSTD and DL RSCPD measurements, LMF should be able to indicate a specific PFL that should be used for both the reference TRP and the neighbor TRP.

Proposal 6	DL RSCPD measurement can be reported as a new field inside the DL TDOA Measurement Element. Alternatively, there can be a new RSCPD measurement list that is parallel to the DL-TDOA-MeasList, where each RSCPD element can be mapped to a corresponding DL TDOA measurement element



FL Comments:
When a UE reports the carrier phase measurements together with the legacy positioning measurements to LMF, the legacy positioning measurements may be obtained from multiple DL PFLs, while the carrier phase measurements is limited to one of the DL PFLs. Thus, as proposed in [7][24], LMF should be able to indicate a specific PFL that should be used for DL carrier phase measurements. 
[bookmark: P331](H)(Round 1) Proposal 3.3-1
 
When multiple PFLs are configured for DL RSTD measurements or UE Rx – Tx time difference measurements, support enabling the LMF to indicate which PFL is used for the joint reporting of DL RSCPD/RSCP measurements together with the DL RSTD/ UE Rx – Tx time difference measurements.

	Company
	comments

	vivo
	Considering the support of multiple PFL measurements in the future release, we think the indication from LMF may not be needed, and it can be done by adding some description for RSCP reporting (E.g., multiple RSCP measurements and reports are from a single PFL)

	ZTE
	OK to indicate a PFL for UE measurement.

	Locaila
	Low priority minor issue, from our view. 
Although we understand the proposal, we need to spend more time on other major issues.
 

	CATT
	Support.

	Huawei, HiSilicon
	No need.

	LGE
	We prefer to discuss this issue after we make progress in section 4.1. If the indication of PRS resources for simultaneous reception is supported, it seems not necessary to specify the indication of PFL. 

	FL
	To companies that consider no need for LMF to indicate which DL PFL to measure:
My concern is that if it allows UE to select DL PFL, then the PFLs selected by the target UE and the PRU, which results the reported carrier phase measurements from target UE and the PRU are associated with different carrier frequencies.

	Qualcomm
	This is related to the “Time window for simultaneous PRS measurements”. If an LMF can request specific PRS resource is better granularity than just requesting a given PFL. We prefer to discuss this issue there. 
FL: The discussion of Section 4 for “Time window for simultaneous PRS measurements” discussed in Section 4.1 is related to the time when PRU and target UE measure the PRS simultaneous. For this proposal, it is related to the case when multiple DL PFLs are configured for legacy measurement, which DL PFL should be selected for RSCP/RSCPD.

	IIT Kanpur, CEWiT
	We support the proposal

	Nokia/NSB
	Similar view to QC.

	FL
	Maybe we only need to make it clear that hen a UE reports the carrier phase measurements together with the legacy positioning measurements to LMF, the legacy positioning measurements may be obtained from multiple DL PFLs, while the carrier phase measurements is limited to one of the DL PFLs.
(H)(Round 1) Proposal 3.3-1 (Revision #1)
 
When multiple PFLs are configured for DL RSTD measurements or UE Rx – Tx time difference measurements, and support enabling the LMF to indicate which PFL is used for the joint reporting of DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the reported DL RSTD measurements or UE Rx – Tx time difference measurements can be obtained from multiple DL PFLs, but DL RSCPD/RSCP measurements are from a single DL PFL .






(H)(Round 1) Proposal 3.3-1 (Revision #1)
 
When multiple PFLs are configured for DL RSTD measurements or UE Rx – Tx time difference measurements, and DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the reported DL RSTD measurements or UE Rx – Tx time difference measurements can be obtained from multiple DL PFLs, but DL RSCPD/RSCP measurements are obtained from a single DL PFL.

	Company
	comments

	
	

	
	





Standalone reporting of carrier phase measurements
Background
	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 ho
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.



Submitted Proposals: 
	vivo [4]
	Proposal 1:	
•	No standalone carrier phase positioning is introduced in Rel-18 positioning.

	Spreadtrum Communications[5]
	Proposal 1: Do not support standalone DL RSCP and/or DL RSCPD reporting.

	Intel[8]
	Proposal 8
· In Rel-18, DL/UL CPP measurements are reported along with legacy DL/UL positioning methods and standalone DL/UL CPP methods are not introduced. 


	InterDigital[13]
	Proposal 1: Introduce standalone carrier phase reporting/positioning in Rel-18

	IIT Kanpur, CEWiT[15]
	Proposal1: The standalone carrier phase positioning should be supported in the Rel-18 carrier phase positioning framework. 
Proposal2: Whether to perform standalone carrier phase positioning or non-standalone carrier phase could be up to UE capability.


	Apple[17]
	Proposal 4: Do not support standalone carrier phase positioning at the UE. 
Proposal 5: Standalone carrier phase reporting may be needed to support feedback of the carrier phase from the PRU or gNB for differential CPP.

	Qualcomm[18]
	Proposal 4: Do not support standalone reporting of carrier phase measurements by UE (DL RSCP/RSCPD) or gNB (UL RSCP). 

	LGE[19]
	Proposal 6: Support enabling a UE/TRP to report carrier phase measurements without the legacy positioning measurements to LMF.

	Samsung[21]
	Proposal 16: Support standalone carrier phase measurement report for:
· DL reference signal carrier phase (DL RSCP).
· DL reference signal carrier phase difference (DL RSCPD).
· UL reference signal carrier phase (UL RSCP).

	Lenovo[23]
	Proposal 1: RAN1 to further discuss the specification of CP measurements in terms of a standalone method for DL and UL CP measurements, depending on the introduction of new RSCP measurements.

	Ericsson[24]
	Proposal 7	Do not support stand-alone carrier phase-based positioning.

	Locaila
	Proposal 1) Do not support virtual carrier method and associated reporting of legacy timing information which iterates unnecessary computations for finding integer numbers. Support the exact solution for integer ambiguity which uses multiple subcarrier phase information.



FL Comments:
Whether to support the standalone stand-alone carrier phase-based positioning (or standalone reporting of carrier phase measurements by UE (DL RSCP/RSCPD) or gNB (UL RSCP)) has been discussed in the previous meetings without conclusion. Based on the proposals submitted to this meeting, we have:

· Support stand-alone carrier phase measurement reporting/carrier phase positioning:
· Yes: InterDigital, IIT Kanpur, CEWiT, LGE, Samsung, Locaila
· No: vivo, Spreadtrum, Intel, Apple, Qualcomm, Ericsson

It seems there is no majority support for the support of stand-alone carrier phase measurement reporting/carrier phase positioning. Thus, further discussion is need on whether to support the stand-alone carrier phase measurement reporting/carrier phase positioning.
(M)(Round 1) Proposal 3.4-1
Further study on whether to support stand-alone carrier phase measurement reporting/carrier phase positioning in Rel-18.

	Company
	comments

	ZTE
	We prefer do not support stand-alone carrier phase measurement reporting. Can add ZTE to the second choice “No”

	Locaila
	We support standalone approach.

This is the duplicate discussion of section 5 Integer Ambiguity.


Our (Proposal 1) in Locaila[11] is missing in this summary. Following is the proposal in favor of the standalone approach.


(Proposal 1) Do not support virtual carrier method and associated reporting of legacy timing information which iterates unnecessary computations for finding integer numbers. Support the exact solution for integer ambiguity which uses multiple subcarrier phase information.
FL: Add Locaila into the list of the companies that support stand-alone CPP.

	Spreadtrum
	Do not support stand-alone carrier phase measurement reporting.

	Huawei, HiSilicon
	Do not support stand-alone carrier phase measurement reporting, as the integer ambiguity can’t be resolved without legacy positioning measurements.

	LGE
	It would like to emphasize that stand-alone reporting would be quite beneficial for PRU. The motivation of the time domain measurement together with phase measurement is to help resolving integer ambiguity. Since the PRU is the UE which location is known by the network, reporting integer value related information is not necessary but it requires additional overhead compare to the stand-alone reporting. Thus we prefer to support stand-alone carrier phase reporting in Rel-18. 

	Fraunhofer
	For the carrier phase measurements, a higher update rate may be worthwhile. Accordingly, we support measurement reporting for phase only.

	Qualcomm
	Do not support

	IIT Kanpur, CEWiT
	We support standalone carrier phase positioning

	Locaila
	I think the negative comments on standalone approach can be summarized as below;
1) some believe standalone is not proven to be efficient
  2) some believe legacy time measurement is accurate enough to resolve integer number
  3) some believe standalone is complex and legacy+CPP is simple

As for 1), we tested this approach in a field, confirmed that standalone solution is feasible, and reported the result in R1-2211259 as below. We found phase measurement can provide better resolution for integer number than TDoA method. 
As for 2), It may be possible in a very limited case, such as 100MHz & high SNR, however in current WID scope of single carrier and dense environment, I don’t think it is possible in most cases in particular when BW< 20MHz. I hope the companies present the performance evaluation result of integer number estimation just using legacy measurement. If legacy measurement is accurate enough even with 20MHz bandwidth, we don’t need CPP at all. 
And for 3), we note that legacy+CPP method also requires virtual carrier information or exhaustive integer number search algorithm. Whereas, standalone method can provide exact integer number using multiple subcarrier information. Therefore, standalone is simpler than legacy+CPP, in our view.

Some companies may implement both legacy and CPP together. They may do all RX-TX measurement prior to CPP. They may do hundreds of number search iteration on their UE. However the standard shouldn’t prevent those who want light-weight, exact solution just using phase-only standalone method.

	(a) Subcarrier phase (259m length)
	(b) Subcarrier phase (41.23m length)
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	[image: ]


Figure 9.   Location estimation result when a subcarrier of lengths 259m and 41.23m was used [R1-2211259]

	Samsung
	Support




[bookmark: _Toc111724344][bookmark: _Toc128127617]Differential CPP and PRU
	Agreement(RAN1#112)
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple Ues, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple Ues, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.




Indicated PRS/SRS Resources for simultaneous PRS measurements and SRS transmission
Background
	
Agreement (RAN1#112bis-e)

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(RAN1#112bis-e)

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.




Submitted Proposals: 
	vivo [4]
	Proposal 7:	
· Indicated PRS resource or PRS priority within an instance is not needed and not supported.
Proposal 8:	
· From UE side, the multiple UEs can transmit the SRS simultaneously without Uu signaling enhancement
· Indicated SRS resource or SRS priority within an instance is not supported

	Huawei, HiSilicon[6]
	Proposal 4: Remove the first [indicated] and the second [indicated] from the previous agreement.

	CATT[7]
	Proposal 24: Update the agreement in RAN1#112bis-e as follows.
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).
•	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).
Proposal 25: For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
•	Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
•	FFS: other PRU information, such as PRU location, to be included in the positioning assistance data.

	Intel[8]
	Proposal 12
· To enable 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), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which SRS/SRSp may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time that may correspond to the SFN initialization time.
· For periodic and semi-persistent SRSp transmissions, the SRSp occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for SRSp scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time that may correspond to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled, is expected to determine a suitable reference slot for SRS/SRSp transmission and indicate the selected reference slot to the LMF.
Proposal 13
· To enable 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), consider the following options:
· SRS resource(s) are identified via indication of a reference slot for measurements using a combination of:
· subframe and slot offsets or 
· a slot offset with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of SRSp occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on SRSp resources.

Proposal 14
· To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Alternatively, a lower bound on the fraction or number of slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.


	InterDigital[13]
	Proposal 15: LMF indicates to the serving gNB, and if applicable, neighbouring gNBs, UL SRS resources to be configured for transmission from the UE within indicated time window(s)
Proposal 16: LMF indicates to the UE PRS resources to be configured for reception within indicated time window(s)

	Nokia, NSB[14]
	Proposal 3: Update the prior agreement on simultaneous transmission as follows: 
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 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

Proposal 4: Update the prior agreement on simultaneous measurement as follows: 
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.


	Apple[17]
	
Proposal 8: A PRS/SRS estimate/measurement (e.g. RSCP or RSCPD) returned to the positioning element for a scheduled location time window can be treated by the positioning estimator as an estimate of the measurement of the positioning measurement within the time window(s). There is no need to indicate a specific reference signal resource. It is up to UE/gNB implementation to select a resource within the window. The  UE/gNB may feed back an indicator on if it was able to measure within the time window.
 

	Qualcomm[18]
	Proposal 13: Allow LMF to request measurements and transmissions of indicated resources within the measurement time-windows agreed on for UE-PRU alignment. This applies to UE measurements of DL PRS resources, UE transmissions of UL SRS resources for positioning, and serving and neighbor cell measurements of UL SRS resources for positioning
· Remove the square-brackets around “[indicated]” from the RAN1#112bis-e agreements related to the measurement window  
· Note: This feature is not limited only to carrier phase positioning

	LGE[19]
	Proposal 9: Remove square bracket on the indicated in the agreement regarding on simultaneous measurement.
Proposal 10: Remove square bracket on the indicated in the agreement regarding on simultaneous transmission.

	Samsung[21]
	Proposal 13: For simultaneous transmission/reception of UL SRS/DL PRS for positioning by a target UE and a PRU, support the PRU transmits/receives the indicated UL SRS/DL PRS by masking the resource from corresponding target UE.
Proposal 14: A UE receives the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.




FL Comments:
For enabling the simultaneous transmission of UL SRS for positioning, there two “[indicated]” with the brackets related to UL SRS resources; and for enabling the simultaneous measurements on same DL PRS for positioning, there one “[indicated]” with the brackets related to DL PRS resources;

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(RAN1#112bis-e)

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.

Many companies have provide their views on whether the brackets of the [indicated] should be removed, or the [indicated] should be removed. The opinions from the companies may be summarised as follows:

· 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).
· Remove the bracket in “[indicated]”: Intel, InterDigital, Qualcomm, LGE
· Remove “[indicated]”: vivo, Huawei, HiSilicon, CATT, Nokia, NSB, Apple

· 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).
· Remove the bracket “indicated”: CATT, Intel, Nokia, NSB, Qualcomm, LGE
· Remove “[indicated]”: vivo, Huawei, HiSilicon, Apple

· 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).
· Remove the bracket “indicated”: CATT, Intel, InterDigital, Nokia, NSB, Qualcomm, LGE
· Remove “[indicated]”: vivo, Apple

Based on the feedback, there is a clear majority to remove the brackets from the last two “[indicated]”, while it has slightly more companies propose to remove the first ““[indicated]”. As a compromise, the FL suggest removing the first “[indicated]”, and the brackets from the last two “[indicated]” for further discussion.

[bookmark: P411](H)(Round 1) Proposal 4.1-1

Adopt the following modifications on the agreements made in RAN1#112bis-e:

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

	Company
	comments

	vivo
	We prefer to remove “indicated” in the second sub-bullet. We are not sure how LMF can judge which UL resource can be received by neighboring gNB.

	ZTE
	We didn’t provide our views in the tdoc concerning the wording “indicated”. We are ok to remove the ‘indicated’ in the second bullet. 

	CATT
	Okay

	Spreadtrum
	We are fine with “indicated” to make sure UE and PRU to measurement the same PRS.

	Huawei, HiSilicon
	Why do we need the second indicated? Should LMF selected a subset of SRS resources for CPP measurement from current SRS configuration?

	LGE
	We are fine with the FL’s suggestion. 

	Fraunhofer
	Support

	Qualcomm
	Looks OK

	Samsung
	OK

	Nokia/NSB
	Support. To companies that don’t want the second indicated, the LMF should request a specific SRS resource that is measured. If different TRPs measure different SRS for PRU/target UE then there is an issue. 

	FL
	(H)(Round 1) Proposal 4.1-1 was discussed in Tuesday’s offline session. During the discussion, it seems the majority companies were fine to remove both “[indicated]” from the previous agreement. The main reasons
1) the existing IE the IE “Requested SRS Transmission Characteristics” from LMF to the gNB includes “SRS Resource Set List”. 
2) the existing IE of the MEASUREMENT REQUEST also includes SRS configuration for the SRS to be measured.








[bookmark: P412](H)(Round 1) Proposal 4.1-2

Adopt the following modifications on the agreements made in RAN1#112bis-e:

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.


	Company
	comments

	vivo
	We don’t support the proposal with ‘indicated’ in the first sub-bullet.
Firstly, PRS resource priority is not supported in Rel-16 since UE has more information to judge which resource can be measured.
Secondly, we don’t need to pursue one UE measure with the same RS as one of PRU. There must be some UEs in other locations whose optimal PRS is different from this PRU. So, the same resource issue should be solved by multiple PRUs in different locations other than indicated RS resource.


	ZTE
	Support. We can live with the wording “indicated”. 

	CATT
	Okay

	Spreadtrum
	We are fine with “indicated” to make sure UE and PRU to measurement the same RRS.

	Huawei, HiSilicon
	We do not support additional indication of PRS in the measurement request. If the resource is not useful, it should be removed from the assistance data.

	LGE
	We support the proposal. Unlike UL SRS case, we believe that PRS resource indication is quite necessary since the PRU may have limited capability on measuring PRS resources simultaneously and not all PRS resources would be properly measured by the PRU.. 

	Fraunhofer
	Fraunhofer
	Support

	Qualcomm
	Support. In response to vivo’s comments, note that the situation with CPP is different from Rel-16, and a better alignment of measured resources is now needed between UE and PRU. vivo’s approach of having sufficient density of PRUs to solve the alignment may need to unnecessarily dense PRU deployment, which could be avoided simply by the added indication of resource to measure. 
	

	Samsung
	OK
	

	Nokia/NSB
	Support. 
	






Time windows for simultaneous PRS measurements and SRS transmission
Background

	Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple Ues, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple Ues, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.

Agreement (RAN1#112bis-e)

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(RAN1#112bis-e)

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.




Submitted Proposals: 

	vivo [4]
	Proposal 4:	
· An MTW can be configured to UE, the parameters of an MTW can include
· The MTW length 
· The start time and periodicity of MTW

Proposal 5:	
· For target UE, the window should be within the window of PRU measurement
· The target UE’s window periodicity can be multiple of PRU’s window periodicity
· E.g., UE_window periodicity=N* PRU_ window periodicity
· For PRU, PRU’s window periodicity should be configured  based on multiple UE requirements, for example, the PRU’s window periodicity can be the greatest common divisor of target UE’s window periodicity
· E.g.,PRU_ window periodicity= GCD(UE1_ window periodicity , UE2_ window periodicity, …,UE N_ window periodicity)

	Huawei, HiSilicon[6]
	Proposal 5: With regards to the details of the time window details for SRS configuration request, support LMF to provide a reference SRS configuration for the purpose of requesting the serving gNB(s) of a UE to configure the transmission of the UL SRS resources within the vicinity of the reference SRS.
Proposal 6: With regards to the details of the time window details for the SRS measurement request, a measurement window (similar to MTW discussed in Rel-17) that spans multiple SRS transmission occasions should be considered.
•	The window has a start time or a duration.
Proposal 7: With regards to the details of the time window details for the PRS measurement, a measurement window (similar to MTW discussed in Rel-17) that spans multiple PRS transmission occasions should be considered.
•	The window has a start time or a duration.


	CATT[7]
	Proposal 21: The following MTW configuration parameters of time window can be configured for target UE and PRU (via LPP signalling):
•	P1: The periodicity of UE MTW.
•	T1: The start time of UE MTW.
•	L1: The duration of UE MTW.
Proposal 22: 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).
Proposal 23: The following MTW configuration parameters of time window can be configured for TRP (via NRPPa signalling):
•	P2: The periodicity of TRP MTW.
•	T2: The start time of TRP MTW.
•	L2: The duration of TRP MTW.


	Intel[8]
	Proposal 2
· For DL RSCP and RSCPD measurements, LMF may optionally request a target UE to perform measurements that are restricted to within a time window. 
Proposal 5
· LMF may optionally request a gNB to perform UL RSCP measurements that are restricted to within a time window. 
Proposal 12
· To enable 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), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which SRS/SRSp may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time that may correspond to the SFN initialization time.
· For periodic and semi-persistent SRSp transmissions, the SRSp occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for SRSp scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time that may correspond to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled, is expected to determine a suitable reference slot for SRS/SRSp transmission and indicate the selected reference slot to the LMF.
Proposal 13
· To enable 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), consider the following options:
· SRS resource(s) are identified via indication of a reference slot for measurements using a combination of:
· subframe and slot offsets or 
· a slot offset with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of SRSp occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on SRSp resources.

Proposal 14
· To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Alternatively, a lower bound on the fraction or number of slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.


	InterDigital[13]
	Proposal 17 : Specify a time window for reception of UL SRS where configurations of the time window (e.g., duration, start time) are sent from the LMF to the gNB
Proposal 18 : Study necessity to specify a new time window, which is different from a measurement gap or PRS processing window, to achieve simultaneous measurements on same DL PRS by a target UE and a PRU.

	Fraunhofer IIS/HHI[16]
	Proposal 3: 	Ask RAN4 on the time window between the measurements on the target UE and the PRU. For example, a reference phase noise profile for FR1 covering also the frequency component below 100Hz.
Proposal 4: 	Consider the signaling to the UE and/or TRP phase-coherency information related to the different TRPs to inform on the applicability for the processing carrier measurements 
Proposal 5: 	Positioning SRS resources with multiple antennas shall be allocated in the same slot or adjacent slots.

	Apple[17]
	Proposal 6: DL NR carrier phase positioning can be UE-based or LMF-based.  
· For UE based DL carrier phase positioning, the double differential measurements at the LME may need to be sent from the LMF to the UE estimating the position. This may be sent in the assistance information. 

Proposal 7: A scheduled location time window allows a positioning controller (e.g. the LMF) to configure a time-window or a series of time windows in the future within which one or more positioning devices (e.g. the UE, gNB, PRU)  transmits a positioning reference signal (PRS/SRSp) and estimates a positioning measurement (e.g. RSCP, RSCPD). The measurement(s) are reported to the positioning estimator.

Proposal 8: A PRS/SRS estimate/measurement (e.g. RSCP or RSCPD) returned to the positioning element for a scheduled location time window can be treated by the positioning estimator as an estimate of the measurement of the positioning measurement within the time window(s). There is no need to indicate a specific reference signal resource. It is up to UE/gNB implementation to select a resource within the window. The  UE/gNB may feed back an indicator on if it was able to measure within the time window.

Proposal 9: For the time window definition for the PRS, a new time window field  similar to the scheduled Location time field could be added to LPP (e.g. in the IE CommonIEsRequestLocationInformation). This field can in addition to the different time types, contain a duration and periodicity defining the window during which the PRS is measured. It is up to UE implementation to select the PRS resource to be measured. A corresponding NRPPa message is sent to the gNB to enable it to configure PRSs that fit within the window.

Proposal 10: For the time window definition for SRS, a similar time window can be sent to the gNB. The gNB is configured to measure a set of SRS resources within the window. The gNB may report whether it successfully measured the resource in the window or not. 

	MediaTek[25]
	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




FL Comments:
In RAN1#113bis-e, it was agreed to introduce the time windows for simultaneous PRS measurements and SRS transmission. Multiple companies (e.g., [4][6][7][8][13][16][17]) have provided the proposals related the definitions of the time windows. In general, a time window will include the start, the duration, the end. For periodic- and semi-persistent measurements, there will also be the periodicity and offset, which is also related to the start of the time windows. In [8], the proposals are provided with more details on the configuration of the times windows that may be used as to starting point for further discussion.

(H)(Round 1) Proposal 4.2-1
To enable LMF to request the serving gNB of a UE to configure the transmission of the UL positioning SRS (posSRS) resources from the UE within indicated time window(s), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which posSRS resources may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time corresponding to the SFN initialization time.
· For periodic and semi-persistent posSRS transmissions, the posSRS occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for posSRS scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for posSRS transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time corresponding to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for posSRS transmission from a UE should be scheduled, is expected to determine a suitable reference slot for posSRS transmission and indicate the selected reference slot to the LMF.

	Company
	comments

	vivo
	Option 1B is preferred, but we wonder about the description” within which a reference slot for posSRS transmission from a UE should be scheduled” after a time window is needed.
For Option 1a, it is unclear to us. whether it means the gNB only can measure the SRS in an indicated slot?


	ZTE
	Prefer option 1B with modification “a time window” -> “time window(s)”

	CATT
	Option 1B

	Spreadtrum
	Support option 1B

	Huawei, HiSilicon
	We prefer to add Opiton 1C:

LMF may optionally indicate to a serving gNB a reference SRS configuration.
· A gNB upon receiving the indication from LMF with the reference SRS configuration is expected to determine a SRS configuration that is within the vicinity of the reference SRS.
FL: For Huawei’s proposal, if I understand correctly, it needs to LMF to define a reference SRS configuration, and then provide the reference SRS configuration to the serving gNB, and then serving gNB configures the SRS configuration within the vicinity of the reference SRS with consideration of the time, duration and periodicity of the SRS configuration.

	LGE
	Prefer ç

	FL
	From the feedback so far, no company is interested in Option 1A. Thus, it seems we should focus on Option 1B. Considering the Option 1C from Huawei, we may revise the proposals as the following:
(H)(Round 1) Proposal 4.2-1 (Revised #1)
To enable LMF to request the serving gNB of a UE to configure the transmission of the UL positioning SRS (posSRS) resources from the UE within indicated time window(s), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which posSRS resources may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time corresponding to the SFN initialization time.
· For periodic and semi-persistent posSRS transmissions, the posSRS occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for posSRS scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for posSRS transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time corresponding to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for posSRS transmission from a UE should be scheduled, is expected to determine a suitable reference slot for posSRS transmission and indicate the selected reference slot to the LMF.
· Option 1C: 
· 
· When LMF sends in the IE “Requested SRS Transmission Characteristics” to the serving gNB, LMF may optionally indicate one of the requested SRS configurations as the reference SRS configuration.
· A gNB upon receiving the indication from LMF with the reference SRS configuration is expected to determine a SRS configuration that is within the vicinity of the reference SRS.


	
	




(H)(Round 1) Proposal 4.2-1 (Revised #1)
To enable LMF to request the serving gNB of a UE to configure the transmission of the UL positioning SRS (posSRS) resources from the UE within indicated time window(s), consider the following options:
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for posSRS transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time corresponding to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for posSRS transmission from a UE should be scheduled, is expected to determine a suitable reference slot for posSRS transmission and indicate the selected reference slot to the LMF.
· Option 1C: 
· When LMF sends in the IE “Requested SRS Transmission Characteristics” to the serving gNB, LMF may optionally indicate one of the requested SRS configurations as the reference SRS configuration.
· A gNB upon receiving the indication from LMF with the reference SRS configuration is expected to determine a SRS configuration that is within the vicinity of the reference SRS.

	Company
	comments

	Qualcomm
	Preference for Option 1B

	Nokia/NSB
	We think a simple option of the LMF indicating a reference slot/symbol and then time widow around that reference is sufficient. 

	Intel
	Support Option 1B

	FL
	We may add Option 1D with the consideration of Nokia’s comments and Qualcomm’s comment to Proposal 4.2-2 (Revised #1)
· Option 1D: 
· The start slot of the time window is indicated by a combination of subframe and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.

(H)(Round 1) Proposal 4.2-1 (Revised #2)
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS (posSRS) resources from the UE within indicated time window(s), consider the following options:
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for posSRS transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time corresponding to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for posSRS transmission from a UE should be scheduled, is expected to determine a suitable reference slot for posSRS transmission and indicate the selected reference slot to the LMF.
· Option 1C: 
· When LMF sends in the IE “Requested SRS Transmission Characteristics” to the serving gNB, LMF may optionally indicate one of the requested SRS configurations as the reference SRS configuration.
· A gNB upon receiving the indication from LMF with the reference SRS configuration is expected to determine a SRS configuration that is within the vicinity of the reference SRS.
· Option 1D: 
· The start slot of the time window is indicated by a combination of subframe and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.





(H)(Round 1) Proposal 4.2-1 (Revised #2)
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS (posSRS) resources from the UE within indicated time window(s), consider the following options:
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for posSRS transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time corresponding to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for posSRS transmission from a UE should be scheduled, is expected to determine a suitable reference slot for posSRS transmission and indicate the selected reference slot to the LMF.
· Option 1C: 
· When LMF sends in the IE “Requested SRS Transmission Characteristics” to the serving gNB, LMF may optionally indicate one of the requested SRS configurations as the reference SRS configuration.
· A gNB upon receiving the indication from LMF with the reference SRS configuration is expected to determine a SRS configuration that is within the vicinity of the reference SRS.
· Option 1D: 
· The start slot of the time window is indicated by a combination of subframe and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
	Company
	comments

	
	

	
	

	
	





(H)(Round 1) Proposal 4.2-2
To enable 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), consider the following:
· The start of the posSRS resource(s) are identified via indication of a reference slot for measurements using a combination of subframe and slot offsets with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of posSRS occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on posSRS resources.


	Company
	comments

	vivo
	The proposal is unclear to us, more clarification is needed especially for first sub-bullet

	ZTE
	For our perspective, this proposal is not necessary. This can be decided if 4.2-1 is agreed because these two proposals refer to the same time windows to some extent.

	CATT
	We suggest modify the proposals in a similar way as Option 1B in Proposal 4.2-1

	Spreadtrum
	We are not clear about the association between proposal 4.2-1 and 4.2-2.

	Huawei, HiSilicon
	We prefer to simply discuss the configuration of MTW for that purpose.

	FL
	(H)(Round 1) Proposal 4.2-2 (Revised #1)
To enable 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), Each of the time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
consider the following:
· The start of the posSRS resource(s) are identified via indication of a reference slot for measurements using a combination of subframe and slot offsets with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of posSRS occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on posSRS resources.





(H)(Round 1) Proposal 4.2-2 (Revised #1)
To enable 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), Each of the time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
	Company
	comments

	Qualcomm
	In response to some of the comments above… 4.2-1 is telling serving gNB when to transmit.4.2-2 is telling all gNBs when to measure. Might be good to try to harmonize at least the indication framework; perhaps they can still be 2 separate instances (with different parameter value settings) of the same config.
FL: Added one option Option 1D to 4.2-1 using the same indication framework as Proposal 4.2-2

	Nokia/NSB
	Okay. 

	FL
	(H)(Round 1) Proposal 4.2-2 (Revised #1)
To enable 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), Each of the time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe number and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· 
· The periodicity of window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.


	
	



(H)(Round 1) Proposal 4.2-2 (Revised #2)
To enable 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), Each of the time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe number and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· The periodicity of window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
	Company
	comments

	
	

	
	

	
	






(H)(Round 1) Proposal 4.2-3

(H)(Round 1) Proposal 4.2-3
To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources are indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.

	Company
	comments

	vivo
	Firstly, we prefer to remove the indicated before DL PRS resources for the main bullet
For option 3A, we prefer to remove the second sub-bullet.

	ZTE
	“a time window” -> “time windows(s)”. This can be discussed after proposal 4.2-2. And we are ok to further study.

	CATT
	Need to consider the periodicity of the time windows 

	Huawei, HiSilicon
	We prefer to simply discuss the configuration of MTW for that purpose.

	Qualcomm
	In option3B, if timing is relative to receipt of specific LPP message – that timing may not be very well defined (message timing – subject to HARQ etc)
For option 3A, we prefer to remove the 2nd subbulet 

	Nokia/NSB
	Same comment as for 4.2-1 

	FL
	The proposal is revised as follows based on the comments for further discussion.
(H)(Round 1) Proposal 4.2-3 (Revision #1)
To enable 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), consider the following options:
· Option 3A:
·  The reference slot(s) for measurements on DL PRS resources are indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.
· Option 3C: A time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe and slot offset with respect to the IE nrTime in ScheduledLocationTime [or SFN initialization time 
· The duration of the time window, which is given by a number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· 



(H)(Round 1) Proposal 4.2-3 (Revised #1)
To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources are indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.
· Option 3C: A time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe and slot offset with respect to the IE nrTime in ScheduledLocationTime [or SFN initialization time 
· The duration of the time window, which is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in "Requested SRS Transmission Characteristics" in TS 38.455.

	Company
	comments

	
	

	
	

	
	




Assistance information for UE-based CPP
Submitted Proposals: 
	vivo [4]
	Proposal 2:	
•	For carrier phase measurement reporting, explicit double difference carrier phase measurement is not needed.

	Huawei, HiSilicon[6]
	Proposal 11: For UE-based carrier phase positioning, the PRU CPP measurement can be provided to the UE in the assistance data.
Proposal 12:  In addition to the PRU CPP measurement, additional information in the assistance data may include PRU location and AoD of PRU to each TRP.

	Xiaomi[9]
	Proposal 5: Support LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.

	ZTE[10]
	[bookmark: _Ref12105]Proposal 6: For DL UE-based carrier phase positioning, the ARP or carrier phase error of the TRP can be delivered by LMF.
[bookmark: _Ref12108]Proposal 7: For UE-based carrier phase positioning, the carrier phase error can be reported by PRU to LMF.
[bookmark: _Ref18323]Proposal 8: For UE-based carrier phase positioning, support LMF forwarding the carrier phase measurement results of the PRU to the target UE.

	CMCC[12]
	Proposal 4: For UE-based carrier phase positioning, support one of the following options:
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a UE and other related information (e.g., UE location) to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Option 2: Enabling LMF to provide, optionally, the differential corrections to a target UE for UE-based carrier phase positioning.

	InterDigital[13]
	Proposal 14: Support to enable LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data and to provide the differential corrections to a target UE for UE-based carrier phase positioning.

	Qualcomm[18]
	Proposal 12: Assistance data for UE-based carrier phase positioning includes phase differences between the PRS resources of the TRPs, including timing (e.g., PRS occasion and resource index) of the PRS resources whose phase difference is being reported. LMF may derive these phase differences based on reports from PRUs.

	Lenovo[23]
	Proposal 5: Support LMF reporting configuration of phase-related errors for accurate DL/UL CP measurements.

	Ericsson[24]
	Proposal 8	LMF can provide a Target UE with phase correction factors to enable double differentiation. One correction factor is provided for each TRP. As baseline, a phase correction factor is number in the range [0 2pi] radians that the UE will subtract from the corresponding measurement.
Proposal 9	It should be possible to provide a UE with updated correction factor with variable update rate.
FFS: What update rates should be supported.
Proposal 10	As baseline, use the ”Scheduled location time” feature to achieve sufficiently simultaneous measurements at different UEs (one UE may be a PRU).
Proposal 12	Investigate how phase correction factors can be provided in a resource efficient way.



FL Comments:
The use of PRU measurements for supporting differential UE-based CPP can be accomplished through either by enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data, or enabling LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning. Both approaches were discussed in the previous meeting w/o conclusion. 

From the submitted contributions, the companies’ views may be summarized as follows:
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
Supported by: Huawei, CATT, ZTE, CMCC, InterDigital
· Option 2: Enabling LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.
Supported by: Xiaomi, ZTE, CMCC, InterDigital, Qualcomm, Lenovo Ericsson

The current situation remains consistent with the previous meeting, wherein Option 1 and Option 2 have received near the same support from companies. The advantages and disadvantages of these options were extensively discussed in the preceding meetings. In order to support UE-based CPP, it is crucial to support at least one of the options.

(H)(Round 4) Proposal 4.3-1 
· For UE-based carrier phase positioning, supporting at least one of the following options (aiming to make a decision in RAN1#113):
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
· FFS: other PRU information, such as PRU location, to be included in the positioning assistance data
· Option 2: Enabling LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.
· FFS: the details of the correction information, which may include the corrections for TRP phase errors, ARP/APC errors, etc.

	Company
	comments

	ZTE
	Both options can be supported. In our opinion, these information can improve the accuracy of CPP.

	Locaila
	We support standalone approach.

This is the duplicate discussion of section 5 Integer Ambiguity.


Our (Proposal 1) in Locaila[11] is missing in this summary. Following is the proposal in favor of the standalone approach.


(Proposal 1) Do not support virtual carrier method and associated reporting of legacy timing information which iterates unnecessary computations for finding integer numbers. Support the exact solution for integer ambiguity which uses multiple subcarrier phase information.


	CATT
	Both options are fine with us.

	Huawei, HiSilicon
	Support Option 1. The PRU information can also include the AoD of PRU to each TRP.

	Qualcomm
	Either or both is really needed, otherwise UE-based CPP will not be functional. Some preference for option2 since LMF can do some processing

	Samsung
	Option 1

	Nokia/NSB
	We support option 1. Option 2 overly complicates it as the LMF then needs to take another step to figure out the differential corrections and then we need to discuss granularity of the assistance data, etc. It is much cleaner to just support option 1. 

	FL
	It seems we need to have further discussion either in offline session or online session to resolve the difference. The proposal is modified as follows:
(H)(Round 1) Proposal 4.3-1 (Revision #1)
· For UE-based carrier phase positioning, supporting at least one of the following options (aiming to make a decision in RAN1#113):
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU together with and other PRU information 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 on which of them is (are) supported by UE capability.
· FFS: other PRU information, which may include such as PRU location, the AoD of PRU to each TRP, etc.to be included in the positioning assistance data
· Option 2: Enabling LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.
· FFS: the details of the correction information, which may include the corrections for TRP phase errors, ARP/APC errors, etc.



Integer Ambiguity

Background

	Agreement (RAN1#112bis-e)

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 (RAN1#112bis-e)

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
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.



Submitted Proposals: 
	vivo [4]
	Proposal 10:	
· At least option 4 can be supported.
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.

	Spreadtrum Communications[5]
	Proposal 2: The range or some alternative values of integer N should be provided/reported for carrier phase positioning.

	Huawei, HiSilicon[6]
	Proposal 1: Support a DL/UL carrier phase measurement to be associated with a RF frequency other than center frequency of the DL PFL/UL SRS-Pos transmission bandwidth.

Proposal 2: Support LMF configures/requests one or multiple candidate RF frequencies for the carrier phase measurement for a UE/TRP, and the UE/TRP selects one or multiple of them as the specific RF frequency for the carrier phase measurements.

	CATT[7]
	Proposal 5: For Rel-18 NR CPP, support Option 1 in RAN1#112.
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· The maximum number of reported frequencies within a PFL/ carrier (i.e., F) is a UE capability, e.g., F>=2.
Proposal 6: Support Option 2 for the specific RF frequency associated with a DL/UL carrier phase measurement:
· Option 2: The specific RF frequency is the frequency of specific subcarrier within the DL PFL/ UL SRS bandwidth.
· Note: LMF may configure M=[2, 3] RF frequencies. 

	Intel[8]
	Proposal 11
· For integer ambiguity resolution (IAR), introduce the following options in addition to the option of reporting RSCP/RSCPD with legacy positioning metrics,
· 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.


	Xiaomi[9]
	Proposal 4: Support positioning report to contain the carrier phase of multiple sub-carriers.

	ZTE[10]
	[bookmark: _Ref12793]Proposal 2: For signalling concerning the integer ambiguity, at least support LMF providing the range of integer to UE for UE-based NR carrier phase positioning.
[bookmark: _Ref31713]Proposal 9: Support measuring and reporting the carrier phase of multiple sub-carriers/segments in one carrier/PFL. 
- center frequency or λ should be informed for each selected sub-carrier/segment.
[bookmark: _Ref18376]Proposal10: If a UE/TRP supports the carrier phase measurements of more than one frequencies within a PFL/carrier, the following enhancement can be supported:
-LMF configures the number of PRBs/sub-carriers for each carrier phase measurement report.
-LMF configures the number of carrier phase measurement reports for each PFL/carrier.


	Locaila[11]
	(Proposal 1) Do not support virtual carrier method and associated reporting of legacy timing information which iterates unnecessary computations for finding integer numbers. Support the exact solution for integer ambiguity which uses multiple subcarrier phase information.
(Proposal 2) For resolving CPP Integer Ambiguity, subject to UE's capability, support LMF to divide a single DL PFL into two subsets of subcarriers, and request a UE to report one or more center frequency(s) of subcarrier phase differentials.
	Note: The subcarrier phase differentials refer to the phase differences between elements of the two subcarrier subsets. Multiple sizes of subcarrier subsets are supported.
	FFS: The details, including the size of subsets, the number of center frequencies to report.


	InterDigital[13]
	Proposal 6: Support Option 1 “Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF “
Proposal 7: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
Proposal 8: Support Option 2 “Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier “
Proposal 9: Support Option 3 “Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF”
Proposal 10: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 11: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.

	Nokia, NSB[14]
	Proposal 6: Support 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 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.


	IIT Kanpur, CEWiT[15]
	Proposal3: The carrier phase measurement, at least across sub-carriers, should be supported for carrier phase positioning. 
Proposal4: For UE-assisted carrier-phase-based positioning, phase measurement over multiple subcarriers should be reported to help mitigate the effects of noise.
Proposal10: For carrier-phase-based positioning, the difference between the carrier phase of multiple subcarriers should be reported. 
And for UE-based positioning, the LMF could explicitly convey the integer ambiguity to the target device. The LMF could convey the exact value of integer ambiguity or may convey the range of integer ambiguity. 
[bookmark: _Hlk131724053]Proposal11: For UE-based carrier phase positioning, the integer ambiguity could be conveyed to the UE. 
	Option 1: Single value of Integer ambiguity.
	Option 2: Range of integer ambiguity

	Apple[17]
	Proposal 2: On the issue of whether a frequency other than the centre frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), this will be dependent on UE capability. The LMF should configure the UE with the desired measurement frequencies.
Proposal 11: Support to optionally provide an estimated integer ambiguity and/or the search range of the integer ambiguity to a target UE in the positioning assistance data for UE-based carrier phase positioning. For UEs this should be a capability. 


	Qualcomm[18]
	Proposal 11: Do not support reporting of carrier phase measurements for more than one frequency within a PFL/carrier.

	LGE[19]
	Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options can be considered in addition to default center frequency of a PFL
· Option 1: LMF informs the RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 2: LMF informs the 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. 
· FFS: RF frequency of DL RSCP/RSCPD reporting of a PRU
Proposal 3: For determination of RF frequency of UL RSCP reporting for a target UE, following option can be considered in addition to default center frequency of a SRS resource
· LMF informs the RF frequency of UL RSCP measurement per UE or SRS resource (set)
· FFS: RF frequency of UL RSCP reporting for a PRU

Proposal 11: Deprioritize introducing the additional information for integer ambiguity resolution in Rel-18.

	OPPO[20]
	[bookmark: _Hlk134733392]Proposal 1: For the issue of integer ambiguity, support Option 1 and Option 4.
[bookmark: _Hlk134733403]Proposal 3: The TRP reports the UL carrier phase measurement of multiple different REs in SRS resource for positioning.


	Samsung[21]
	Proposal 9: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase of multiple frequencies of DL PRS or UL positioning SRS (option 1).
Proposal 10: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase difference of two sub-carriers of DL PRS or UL positioning SRS (option 2).
Proposal 11: Don’t support option 3 (UE/TRP to optionally report an estimated integer ambiguity).
Proposal 12: Don’t support option 4 (LMF to provide the expected integer ambiguity range).

	NTT DOCOMO[22]
	Proposal 1: 
· Reporting the carrier phase measurements corresponding to M configured RF frequencies within a DL PFL should be considered.
· M = 2 can be considered as the baseline.
Proposal 2: 
· If accurate RSTD measurement with a finer granularity is feasible, reporting RSTD with the finer granularity is beneficial.
Proposal 3:
Reporting of carrier phase differentials across N subcarriers within a PFL needs further
Proposal 4:
· The modification of the existing NR-TimingQuality with finer granularity may not be necessary.
Proposal 5: 
· Assistance data which provides the expected integer ambiguity range should be considered.

	Lenovo[23]
	Proposal 2: Support the measurement of subcarrier phase measurements at UE/gNB. FFS the details of exploiting the subcarrier phases, e.g., use of subcarrier phase differentials, number of considered subcarriers, etc.
Proposal 3: RAN1 to further discuss which of the PRS PRBs should be used for performing subcarrier/carrier phase measurements in relation to other signals/channels.
Proposal 8: RAN1 to consider the support of reporting IA related metrics such as the actual IA, search ranges, subcarrier phase differentials.
Proposal 9: Integer Ambiguity could be resolved using assistance data from neighboring UEs with perfectly known locations when single PFL and carrier is considered.

	Ercisson
	Proposal 4	Do not introduce reporting of phase measurements at more than one frequency within the PFL.


	MediaTek[25]
	Proposal 6-1: It is up to NW implementation to resolve integer cycle ambiguity through blind search in Rel-18

	
	



FL Comments:
Which of the options to be supported for integer ambiguity resolution in NR carrier phase positioning have been discussed intensively in the previous meeting w/o conclusion. Many companies have provided their views on the four options in this meeting:

· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· Support: Huawei, HiSilicon, CATT, Xiaomi, ZTE, Locaila, InterDigital, Nokia, NSB, IIT Kanpur, CEWiT, Apple, LGE, OPPO, Samsung, NTT DOCOMO
· Not Support: Qualcomm, Ercisson
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· Supported by: Intel, Locaila, InterDigital, IIT Kanpur, CEWiT, Samsung, Lenovo
· Not Support: Qualcomm, Ercisson
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Support: Intel, InterDigital, Nokia, NSB
· Not Support: Samsung
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
· Supported by: vivo, ZTE, Nokia, NSB, IIT Kanpur, CEWiT, Apple, OPPO, NTT DOCOMO
· Not Support: Samsung
· Option 5: Reporting RSTD with the finer granularity.
· Supported by: NTT DOCOMO
· Not Support: 

The current situation remains consistent with the previous meeting, wherein Option 1 and Option 4 have received majority support from companies, while Option 2 and Option 3 have also gained support from multiple companies. The advantages and disadvantages of these options were extensively discussed during Rel-18 SI as well as in the preceding two meetings. In order to complete the NR CPP work on time, it is crucial for RAN1 to decide which of these options to endorse during this meeting.
H)(Round 5)Proposal 5-1
Subject to UE’s capability, support LMF to request a UE, to report the carrier phase measurements corresponding to M (<=3) configured RF frequencies within a DL PFL
· FFS: the details, including the value(s) for M 

	Company
	comments

	ZTE
	Support. And the limitation of M, i.e., “<=3” can be removed, because the value of M is in FFS.

	Locaila
	This text can be merged with 5-2.  


	CATT
	Support

	Huawei, HiSilicon
	Support

	LGE
	We are fine with the proposal, but we also ok with handling issues in section 5 as low or medium priority. 

	NTT DOCOMO
	Support.

	Xiaomi
	Support 

	Qualcomm
	We still don’t believe that this has been proven to be useful and really needed for the basic functionality of CPP. 

	IIT Kanpur, CEWiT
	We support the proposal. We suggest to remove ”<=3” from the main bullet.  

	Samsung
	OK

	mtk
	The difference between GNSS and NR signal is, NR has large BW but it is like one shot. So the carrier phase at DC is actually to use the whole DL-PRS BW to derive in order to guarantee measurement performance.
Now it is like to apply smaller DL-PRS BW to obtain several carrier phase value. It could be having lower measurement quality for each carrier phase measurement.


	Intel
	OK



(H)(Round 5)Proposal 5-2
For NR carrier phase positioning, subject to UE’s capability, support reporting of carrier phase differentials across N subcarriers within a PFL.
· FFS: the value(s) of N
· Note: The initial reference for the carrier phase differentials is a reported RSCP.

	Company
	comments

	Locaila
	The text is far better than #112bis-e. 

However, the intention of the ‘Note:…’ above is unclear. Request for clarification.
We suggest the following modification for clarity.  


For resolving integer ambiguity, NR carrier phase positioning, subject to UE’s capability, support LMF to request a UE reporting mean value of carrier phase differentials across N subcarriers within a PFL.
· FFS: the value(s) of N 
· Note: The initial reference for the carrier phase differentials is a reported RSCP.

We believe above text includes well with the cases of 5-1. In other words, if (), the effect is the same as in the cases of (M=2 or M=3) of above 5-1. However 5-1 can not support the case of N=1 or N=, which is the case of longest subcarrier or shortest subcarrier. Therefore, we suggest merging 5-1 into 5-2 because 5-2 can cover all cases.

	CATT
	Okay

	Huawei, HiSilicon
	Do not support.

	LGE
	We are fine with the proposal, but we also ok with handling issues in section 5 as low or medium priority.
BTW, we fail to understand the intention of the note. Could you elaborate more why do we need initial reference here?   

	Qualcomm
	This is not needed and we disagree on its technical merits

	IIT Kanpur, CEWiT
	We are fine with the proposal

	Samsung
	Support

	mtk
	We don't support

	Intel
	Support – we agree with LGE that the note seems not necessary.



(H)(Round 4)Proposal 5-3
Subject to UE’s capability, support enabling a UE to optionally report an estimated integer ambiguity and/or the search range of the integer ambiguity, and/or the correlation of the integer ambiguity to LMF.
· FFS: the details of the estimated integer ambiguity and/or the search range

	Company
	comments

	Locaila
	If 5-2 is supported, this information is redundant. 
If UE is reporting multiple subcarrier information, LMF is able to estimate exact integer number using the following equation.





	Huawei, HiSilicon
	Do not support.

	LGE
	Low priority. We don’t believe it is necessary and not sure how much gain can be achieved from it.

	Qualcomm
	Don’t support. It is unclear how UE can come up with these estimates, and existing timing-quality reporting should be enough.

	IIT Kanpur, CEWiT
	We are fine with the proposal

	Samsung
	Don’t support

	mtk
	1, we support. 
2, maybe the whole integer ambiguity session could come back for further study in Rel-19. And we can further discuss and show how the measurement could provide the indication of search range 

	Intel
	Support – for UE-assisted positioning, estimate on the pseudo-range can certainly be provided by the UE.



(H)(Round 4)Proposal 5-4
Support LMF to optionally provide the estimated integer ambiguity and/or the search range of the integer ambiguity to a target UE in the positioning assistance data for UE-based carrier phase positioning.
· FFS: the details of the estimated integer ambiguity and the search range

	Company
	comments

	ZTE
	Support. In general, LMF has more location information or measurement results than UE/TRP. Such as other measurement results from different UEs/TRP, not only from the target UE, and LMF can estimate/calculate a more reasonable integer ambiguity for the target UE.

	Locaila
	Support.
In low SNR, correct number estimation may fail. In that case, it may be helpful if LMF suggest clue.


	Huawei, HiSilicon
	Do not support

	LGE
	Low priority. We don’t believe it is necessary and not sure how much gain can be achieved from it.

	NTT DOCOMO
	Support.

	Qualcomm
	We can be OK with this if there is majority 

	IIT Kanpur, CEWiT
	We support the proposal

	Samsung
	Don’t support

	mtk
	Don't support

	Intel
	Do not support – not feasible in any meaningful way for being useful for CPP.



(H)(Round 5)Proposal 5-5
For NR carrier phase positioning, support reporting RSTD with a finer granularity than current RSTD.
· FFS: the granularity

	Company
	comments

	CATT
	Okay

	Huawei, HiSilicon
	Do not support

	LGE
	As far as I understand, the proposal 5-5 is an alternative choice of the proposal 5-2. If so, we prefer the proposal 5-2.  

	NTT DOCOMO
	We think the enhancement may be beneficial to resolve inter ambiguity, however, the feasibility of measurement and reporting RSTD with a finer granularity needs further discussion.

	Qualcomm
	Don’t see the need this to be discussed explicitly for CPP. It can also be related to PRS aggregation. Overall, in some of the subagendas we need to agree on a RSTD/Rx-Tx with finer granularity than what available in the specification. 

	Samsung
	Support

	mtk
	Support

	Intel
	Support.




Phase error group
Background
	Agreement (RAN1#112bis-e)

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.





Submitted Proposals: 
	vivo [4]
	Proposal 9:	
•	Up to RAN4 to judge the availability and the necessity of PEG.

	Spreadtrum Communications[5]
	Proposal 5: Support option 2 for phase delays on Tx/Rx RF chains.


	Huawei, HiSilicon[6]
	Proposal 13: Do not introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.
Proposal 14: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.

	CATT[7]
	Proposal 20: Support the following definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals (Option 1a in RAN1#112bis-e).
•	UE/TRP Tx Phase Error Group (UE/TRP Tx PEG): A UE/TRP Tx PEG is associated with one or more UL SRS-Pos/DL PRS resources. Each UE/TRP Tx PEG has its own ID, and the Tx phase error associated with UL SRS-Pos/DL PRS resources in the same UE/TRP Tx PEG should be within the same range.
•	UE/TRP Rx Phase Error Group (UE/TRP Rx PEG): A UE/TRP Rx PEG is associated with one or more UE/TRP phase measurements (DL RSCP and/or RSCPD / UL RSCP). Each UE/TRP Rx PEG has its own ID, and the UE/TRP Rx phase error of the UE/TRP positioning measurement in the same UE/TRP Rx PEG should be within the same range.

	Xiaomi[9]
	Proposal 6: Introduce the definition of the phase error group or reuse TEG with small margin value for initial phase error mitigation.

	ZTE[10]
	[bookmark: _Ref18405][bookmark: _Ref12141][bookmark: _Ref6952]Proposal 11: To address the impact of the phase delays on Tx/Rx RF chains, support the following option:
· 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.


	InterDigital[13]
	Proposal 5: Support Option 1a for PEG (introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals)

	Nokia, NSB[14]
	Proposal 9: Support option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.

	IIT Kanpur, CEWiT[15]
	Proposal7: In Rel 18, CPP, reporting of Rx antenna ID/ RF chain ID along with carrier phase measurement should be supported.

	Fraunhofer IIS/HHI[16]
	Proposal 8: 	For the PEG reporting distinguish between differential (UL or DL carrier phase difference) and offset to RTT measurements

	Apple[17]
	Proposal 12: To address the impact of the phase delays on Tx/Rx RF chains RAN1 should introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals

	Qualcomm[18]
	Proposal 10: Support Option 1a from RAN1#112bis-e on PEG reporting. 
· 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
The number of PEG-IDs allowed should be larger than the number of TEG-IDs.


	LGE[19]
	Proposal 12: Among the options for phase delays on Tx/Rx RF chains, support option 1a and option 2
Proposal 13: 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 14: For option2, PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.

	OPPO[20]
	[bookmark: _Hlk134733417]Proposal 6: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.

	Samsung[21]
	Proposal 3: The carrier phase measurement is associated with an ID corresponding to reference point. This can be the Rx antenna ID or the Rx RF chain ID.
Proposal 4: A UE transmitting SRS for positioning indicates the Tx antenna ID or the Tx RF chain ID used to transmit SRS.
Proposal 5: A gNB/TRP transmitting DL PRS indicates the Tx antenna ID or the Tx RF chain ID used to transmit the DL PRS.

	NTT DOCOMO[22]
	Proposal 6: 
· Support the following option:
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

	Ericsson[24]
	Proposal 13	To address the impact of the phase delays on Tx/Rx RF chains, enhance the 
the definition of a “timing error group” so that it captures both timing and phase errors. (Option 2)
Proposal 14	Besides timing-error margin, additionally associate a phase-error margin to each Rx and Tx TEG.

	MediaTek[25]
	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





FL Comments:
For address the impact of the phase delays on Tx/Rx RF chains, it was agreed in RAN1#112bis-e to support one or more of the 5 options. It was agreed to make the decision in this meeting on which options to support. Based on the feedback in the submitted contributions, the companies’ views can be summarized as follows:

· 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.
· Supported by: CATT, ZTE, InterDigital, Nokia, NSB, Fraunhofer IIS/HHI, Qualcomm, LGE
· Not supported by: Huawei, HiSilicon
· 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. 
· Supported by: IIT Kanpur, CEWiT, Samsung
· Not supported by: Huawei, HiSilicon
· 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.
· Supported by: Huawei, HiSilicon, Apple
· Not supported by: 
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Supported by: Spreadtrum, Xiaomi, LGE, NTT DOCOMO, Ericsson
· Not supported by: 
· 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.
· Supported by: vivo, OPPO, MediaTek
· Not supported by: 

Considering the feedback received, there is still significant divergence in companies' views, although Option 1a and Option 2 have garnered support from more companies compared to other options. From the FL's perspective, it would be beneficial to concentrate the discussion on fewer options, e.g., Option 1a and Option 2, as they have received more support from companies. 
(H)(Round 1) Proposal 6-1

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.


	Company
	comments

	vivo
	For the TEG-related issue, the margin value was supported as follows
	TEG-TimingErrorMargin
The IE TEG-TimingErrorMargin defines the timing error margin values of the UE Rx TEGs, UE Tx TEGs, or TRP Tx TEGs. Enumerated value 'tc0' corresponds to 0 Tc, 'tc2' corresponds to 2 Tc and so on, where Tc is defined in TS 38.211 [41] clause 4.1.
-- ASN1START

TEG-TimingErrorMargin-r17 ::= ENUMERATED { tc0, tc2, tc4, tc6, tc8, tc12, tc16, tc20, tc24,
											tc32, tc40, tc48, tc56, tc64, tc72, tc80 }

-- ASN1STOP


The wavelength is 8cm() for 3.5 GHZ. If PEG(e.g.,  ) is introduced, the margin is about . In our view, the availability of those smaller values and whether UE can identify the PEG of resources are questionable.
So, we prefer up to RAN4 to decide whether UE can distinguish so small phase error and to group the different RF chain/antenna as an PFG

	ZTE
	Support option 1a. PEG can be defined for CPP.
In our opinion, the general procedure should be: RAN1 first decide there is a demand for carrier phase error group. And then RAN4 define the detailed requirements for PEG. So from our perspective, we should better introduce PEG first and then let RAN4 decide the requirement.

	CATT
	Option 1a

	Spreadtrum
	Support Option 2

	Huawei, HiSilicon
	Do not support. 

As the TEG feature took a very long time to stabilize, and the functionality cannot fulfil the basic needs. We do not think we should open up the discussion of PEG, based on the lesson learnt from specifying TEG.

	LGE
	We are generally fine with the proposal and support both options. We also fine with down selection if majority view is clear. 
For option 2, we prefer to use “small” instead of “smaller” since the minimum TEG value which currently supported is 0 Tc; no smaller TEG margin than 0 Tc seems possible. 

	NTT DOCOMO
	We slightly prefer option 2 than option 1a. Regarding “support one or more of the following options” part, we think one of the above options is enough to support the feature.

	Xiaomi
	We are fine with both options and prefer Option 1a if down-selection is needed.

	Qualcomm
	Support Option 1a

	Samsung
	Don’t support. It seems option 1b is the most natural choice to go with. The Rx/Tx chain or antenna would identify the phase error group. Different antennas or Tx/Rx chains would belong to different phase error groups,

	Nokia/NSB
	Support option 1a. 

	Intel
	Option 3 was proposed as a fallback and we do not see a clear convergence anyway. So, Option 3 should certainly not be removed. Else, we do nothing on this.




Carrier phase measurement quality
	Agreement (RAN1#112bis-e)
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 



Submitted Proposals: 
	ZTE[10]
	[bookmark: _Ref18399]Proposal 3: Support UE/TRP reporting the carrier phase measurement quality together with the phase measurement result.

	CMCC[12]
	Proposal 1: The following information should be considered in the CPP measurement reporting:
· The timestamp
· The measurement quality
· Reference TRP / DL PRS resource set / DL PRS resource(s) ID

	InterDigital[13]
	Proposal 12: Specify the range in phase measurements , RSCP/RSCPD, as a phase measurement quality indicator
Proposal 13: Specify the condition under which carrier phase should be measured and reported based on
· LOS/NLOS indicator associated PRS resource or TRP
· RSRP

	LGE[19]
	Proposal 16: The difference between measurement quality indications and other types of indications (i.e., LOS/NLOS indication, RSRPP) should be clarified

	Samsung[21]
	Proposal 17: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· Quality indicator
· Phase continuity indicator since last measurement

	Lenovo[23]
	Proposal 6: Consider the reporting of quality metrics associated to a RSCP measurement in the form of a quality/confidence indicator and/or error metrics such as ADR error. 

	Ericsson[24]
	Proposal 3	The question of measurement quality indication should have low priority.

	MediaTek[25]
	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




FL Comments:
During the previous meeting, it was decided to study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding phase measurements. Several companies ([10]12][13][19][21][23][24][25]) have shared their perspectives on this matter in this meeting. Among them, the majority of companies ([10]12][13][21][23][25]) support the UE/TRP to report the carrier phase measurement quality indication for the corresponding phase measurements. One company [19] suggests clarifying the distinction between measurement quality indications and other types of indications, such as LOS/NLOS indications. Another company [24] considers the issue as a low priority. Additionally, one company [13] proposes using the range in phase measurements RSCP/RSCPD as a phase measurement quality indicator, while another company [23] proposes utilizing quality/confidence indicators and/or error metrics like ADR error. Furthermore, one company [24] suggests that statistics of carrier phase measurements at different time instances could serve as a quality indication, potentially similar to the RMS error for carrier phase measurements according to the FL's understanding.
(H)(Round 1) Proposal 7-1

Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication is defined as the phase RMS error that represents the root mean squared error of the RSCP/RSCPD measurement.
· Note: How to determine the phase RMS error is up to the UE/TRP implementation.

	Company
	comments

	ZTE
	We support UE/TRP reporting the phase quality indication. But the details on phase quality can decided later. In our opinion, the phase quality should not be limited to the phase RMS error. 

	CATT
	Okay

	Huawei, HiSilicon
	OK to report the phase quality, but we prefer to leave the details up to implementation similar to the RSTD quality.

	Qualcomm
	We don’t think it is really necessary

	Samsung
	The quality indicator can be based on the signal strength of the signal used for CP and its LOS properties. This can be an indicator that indicates whether the measurement quality is good/average/bad

	Nokia/NSB
	We don’t support. This was not done for timing techniques so not needed here. 

	Intel
	Do not support. We are not convinced there is a clear and robust mechanism for implementation to obtain reliable estimates on the quality as proposed for phase measurements, e.g., when considering effects of initial Rx phase. 




Measurement procedures
CPP for UEs in RRC_CONNECTED state without measurement gap
Background
	Agreement (RAN1#112bis-e)

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




Submitted Proposals: 

	CATT[7]
	Proposal 14: For UE supporting CPP measurements without a measurement gap, the same physical layer procedures for measuring RSTD/UE Rx-Tx time difference without a measurement gap also apply for measuring RSCPD/RSCP, including when a UE should measure or not measure DL PRS, DL signals and channels, the order of priority of these signals and channels, etc. 


	Spreadtrum Communications[5]
	Proposal 8: Both UE in RRC_CONNECTED state with and without measurement gap should be supported.

	CATT[7]
	Proposal 9: From RAN1’s perspective, no modification/enhancement is needed related to DL PRS resource set configuration(s) for CPP. The assumptions for DL PRS reception for RSCP/RSCPD are also the same as legacy positioning measurements (e.g., RSTD).
Proposal 11: Support the UE to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) that were used to determine the UE measurements of DL RSCP/RSCPD. These IDs may be the same or different from the ones used for RSTD/UE Rx-Tx time difference measurements of the same PFL, when both types of measurements are reported together in the same measurement report. 
Proposal 12: From RAN1’s perspective, for UE supporting CPP measurements with a measurement gap, the same physical layer procedures for measuring RSTD/ UE Rx-Tx time difference with a measurement gap also apply for measuring RSCPD/RSCP, including requesting a measurement gap or activating/deactivating preconfigured measurement gaps to measure the DL PRS resources to obtain both RSCPD/RSCP. 
Proposal 13: 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 when UE in RRC_CONNECTED state outside the measurement gap.
Proposal 14: For UE supporting CPP measurements without a measurement gap, the same physical layer procedures for measuring RSTD/UE Rx-Tx time difference without a measurement gap also apply for measuring RSCPD/RSCP, including when a UE should measure or not measure DL PRS, DL signals and channels, the order of priority of these signals and channels, etc. 
Proposal 16: Rel-17 positioning physical layer procedures for DL positioning for UE in RRC_INACTIVE state can be reused. No additional enhancement is needed for UE-assisted CPP in RRC_INACTIVE state from RAN1’s perspective.
•	Note: For UE-based CPP in RRC_INACTIVE state, further enhancements in positioning assistance data may be needed.
Proposal 18: From RAN1 perspective, Rel-17 positioning physical layer procedures for UL positioning for UE in RRC_CONNECTED and RRC_INACTIVE state can be reused. No further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.
Proposal 19: Periodic and semi-persistent transmission of positioning SRS should be supported for UL CPP in RRC_INACTIVE state.Proposal 17: 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 for UE in RRC_IDLE state.

	Intel[8]
	Proposal 4
· In Rel-18, DL CPP for RRC_CONNECTED UEs is limited to within MGs.


	Nokia, NSB[14]
	Proposal 10: Support DL CPP measurements for UEs in RRC_CONNECTED state without measurement gap.

	Qualcomm[18]
	Proposal 8: In RRC-CONNECTED, all UE carrier phase measurements are with measurement gaps configured, i.e., do not support gapless/PPW-based measurements



FL Comments:
It was agreed in RAN1#112bis-e that the existing physical layer procedures for DL positioning (e.g., DL-TDOA) will be reused for DL carrier phase positioning with the necessary enhancements in measurement configuration, request and report 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

Based on the submitted proposals, the companies’ views may be summarised as follows:

· Support CPP for UE in RRC_CONNECTED state without measurement gap:
· Yes: Spreadtrum, CATT, Nokia, NSB
· No: Intel, Qualcomm

The primary reasons behind supporting CPP for UE in the RRC_CONNECTED state without a measurement gap may be that it wouldn't require additional specification work in RAN1, aside from introducing the associated UE capabilities. This is because CPP measurements are based on the same DL PRS under similar conditions, albeit with the need for introducing a new UE capability. Moreover, there is no corresponding work in RAN4, as it will not impose requirements for PPW-based processing. However, companies may be hesitant to support CPP for UE in the RRC_CONNECTED state without a measurement gap due to potential impacts on UE implementation and the lack of urgency to support it in Rel-18, considering RAN4 will not define the performance requirements. From the FL's perspective, it would be preferable for RAN1 to decide whether to support CPP for UE in the RRC_CONNECTED state without a measurement gap during this meeting.


(H)(Round 1) Proposal 8.1-1

Adopting one of the following options in RAN1#113: 
· Option 1: From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is supported. The existing physical layer procedures for DL positioning (e.g., DL-TDOA) can be reused 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.
· Option 2: From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.

	Company
	comments

	ZTE
	Support option 1. As the FL mentioned above, UE capabilities with carrier phase measurement in PPW may be required. 

	CATT
	Support option 1.

	Spreadtrum
	Support option 1.

	Huawei, HiSilicon
	Option 1

	LGE
	Support option 1. 

	Xiaomi 
	Prefer Option 1

	Qualcomm
	Support Option 2.

	Samsung
	Prefer option 2

	Nokia/NSB
	Support option 1. Option 2 would require unnecessary restrictions. In our view no RAN1 impact is needed for Option 1. 

	Intel
	Option 2. We do not see any new restrictions with Option 2 – reception of PRS within MGs is the baseline and the feature that RAN4 specs will support. At this point, we should not spend time on features that we know for sure are not going to be supportable in Rel-18.



CPP for UE in RRC_IDLE state
Background
	Agreement (RAN1#112bis-e)

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




Submitted Proposals: 
	CATT[7]
	Proposal 17: 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 for UE in RRC_IDLE state.



FL Comments:
In RAN1#112bis-e, it was decided that existing physical layer procedures for DL positioning, such as DL-TDOA, could be reused with appropriate modifications to measurement configuration, request and report, such as adding configuration related to NR DL CPP. This applies to both UE-based and UE-assisted NR DL carrier phase positioning, including UE in RRC_CONNECTED state with measurement gap, and UE in RRC_INACTIVE state. The UE in RRC_IDLE state should be included in the WI scope of RAN1/RAN2/RAN3, although it is not in the scope of the RAN4 RRM measurements. In addition, in FL’s understanding, there is likely no additional specification work is expected in RAN1 specifically related to carrier phase positioning for UE in RRC_IDLE state.
(H)(Round 1) Proposal 8.2-1
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.

	Company
	comments

	vivo
	OK

	CATT
	Support

	Spreadtrum
	Support 

	Huawei, HiSilicon
	OK

	NTT DOCOMO
	Support.

	Xiaomi
	It is better to clarify it is for UE-based, UE-assisted and/or NW assisted.

	Samsung
	OK

	Nokia/NSB
	Okay



Multipath mitigation
Carrier phase measurements for additional paths
Background
	Agreement (RAN1#112)
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 (RAN1#112)
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.



Submitted Proposals: 
	Spreadtrum Communications[5]
	Proposal 6: For carrier phase positioning, both carrier phases of the first path and the additional paths can be reported.
Proposal 7: For multipath mitigation, support the reporting of other existing channel information together with carrier phase positioning.

	CATT[7]
	Proposal 4: In Rel-18, support only reporting RSCP/RSCPD of the first path.

	Intel[8]
	Proposal 9
· DL RSCPD is defined only with respect to the first path detected in time.

	ZTE[10]
	[bookmark: _Ref18301]Proposal 5: Support UE/TRP reporting the carrier phase of the first path only at least for Rel-18.

	CMCC[12]
	Proposal 3: For NR carrier phase positioning, support only the carrier phase of the first path.


	Nokia, NSB[14]
	Proposal 2: NR CPP should optionally support reporting the carrier phase of additional paths for both DL and UL.


	IIT Kanpur, CEWiT[15]
	Proposal8: For carrier phase-based positioning, reporting of carrier phase measurement corresponding to the first path should be supported. The measurement corresponding to the additional path could be optionally supported. 
Proposal9: The RSRPP should be reported across all the additional paths if the carrier phase of additional paths is reported. The number of paths reported is UE capability.

	Fraunhofer IIS/HHI[16]
	Proposal 7: 	In the delay domain (correlation function) the phase shall be measured at the position of correlation function (estimated CIR) related to the estimated ToA of the LOS path (or i-th path)

	Apple[17]
	Proposal 13: the Rel-17 LOS/NLOS agreements for additional paths (when indicated) can be applied to carrier phase measurement(s) in the same report if measurements are reported for additional paths.

	Qualcomm[18]
	Proposal 3: Do not adopt RSCP/RSCPD definitions for the i-th path for i>1 unless clear benefits from this are demonstrated. 

	LGE[19]
	Proposal 15: Reuse Rel-17 LOS/NLOS indication for a carrier phase measurements reporting without the legacy positioning measurement.


	OPPO[20]
	Proposal 2: 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.

	Ericsson[24]
	Proposal 1	Only support carrier phase measurements of the first detected path.



FL Comments:
Based on the proposals that have been submitted, it appears that companies still hold varying opinions regarding whether to support reporting carrier phase measurements for additional paths:

· Support reporting carrier phase measurements of additional paths:
· Yes: Spreadtrum, Nokia, NSB, IIT Kanpur, CEWiT, OPPO
· No: CATT, Intel, ZTE, CMCC, Qualcomm, Ericsson

It seems the number of companies in favour of reporting the carrier phase measurements of the additional paths is similar to the number of the companies in favour of only reporting the carrier phase measurements of the first paths. Due to the lack of simulation evaluations on the benefits of reporting carrier phase for additional paths during Rel-18 SI, it may be difficult for proponents to convince other companies to support reporting carrier phase measurements for additional paths. Thus, in last meeting the FL suggested to close the discussion for the support of the reporting of the carrier phase of the additional pats in Rel-18 so we can focus on other more critical issues. Consider that we have many other enhancements that needs to be resolved in the last two meetings, the FL would suggest taking the discussion of reporting carrier phase measurements of additional paths as a low priority in this meeting. 

The number of companies in favour of the reporting of carrier phase measurements for additional paths appears to be near the same as those in favor of reporting only the carrier phase measurements of the first paths. As there haven't been sufficient simulation evaluations on the benefits of reporting carrier phase for additional paths during Rel-18 SI, proponents may face challenges in persuading other companies to support the reporting of carrier phase measurements for additional paths. Consequently, it seems further study is needed on whether to support the reporting of the carrier phase of the additional paths in Rel-18.

(M)(Round 1) Proposal 9.1-1
Further study on whether to support the reporting of the carrier phase of the additional paths in Rel-18.

	Company
	comments

	ZTE
	Do not support the report of the additional paths. The benefits of the report on the additional paths are not clear. 

	CATT
	We may not have enough time to work on reporting of the carrier phase of the additional paths.

	c
	Do not support. Benefits unclear, and there is other more important work to be done.

	Samsung
	Don’t support




LOS/NLOS indication for standalone carrier phase positioning
Background
	Agreement (RAN1#112)
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.



Submitted Proposals: 
	Intel[8]
	Proposal 10
· Introduce LOS/NLOS reporting as optional assistance information along with reporting of CP(D) measurements for DL/UL CPP if DL/UL CPP are agreed to be introduced as independent positioning methods. 
· Reuse R17 LOS/NLOS reporting quantity/granularity as baseline.




FL Comments:
Regarding the LOS/NLOS indication, it was decided in RAN1#112 that when the carrier phase measurement(s) and legacy measurements are in the same report, the Rel-17 LOS/NLOS indication would be applicable when indicated. This covers the cases where legacy measurements are reported alongside carrier phase measurements. If RAN1 reaches the agreement to support standalone carrier phase reporting/positioning, we can further discuss the LOS/NLOS indication for standalone carrier phase measurements. Interested companies are encouraged to provide their views on the above proposal from [8] in the following table.

	Company
	comments

	
	

	
	

	
	



Others
Round trip carrier phase positioning
Submitted Proposals: 
	Locaila[11]
	(Proposal 5) Introduce a new definition of carrier phase based RTT method, e.g RTP (Return Trip Phase), to avoid confusion with legacy RTT method. 
(Proposal 6) To support the carrier phase-based RTP method for sidelink positioning, copy and transmit function of received PRS signal phase should be considered.

	Nokia, NSB[14]
	Proposal 7: RAN1 should support solutions to ensure the same local oscillator is used between DL and UL (at UE/TRP) and that the coherence time of the oscillator drift is met. 

	Fraunhofer IIS/HHI[16]
	Proposal 6: 	Support CPP measurements for NR multi-RTT method.

	Samsung[21]
	Proposal 15: For carrier phase positioning measurement, RAN1 considers providing measurements and necessary configuration for round-trip carrier phase measurement.



FL Comments:
The proposals regarding round trip CPP has been discussed in the previous meetings. However, only a limited number of companies participated in the discussion and provided feedback. Interested companies are invited to provide their views on the above proposals and whether to support the round trip carrier phase positioning in Rel-18.

(M)(Round 1) Proposal 10.1-1
Further study on whether to support the round trip carrier phase positioning in Rel-18.

	Company
	comments

	Locaila
	CPP based RTT may provide better accuracy with minor impact to sidelink positioning. It will provide radar vision to autonomous vehicles and improve safety a lot. We encourage RAN1 to spend more resources on sidelink CPP. Beginning study from rel-18 may be helpful to complete the work in rel-19.


	Huawei, HiSilicon
	Do not support.

	Samsung
	Support



TRP Time/Phase synchronization

Submitted Proposals: 
	Locaila[11]
	(Proposal 3) For TRPs operating in TDD mode, support listening of PRS signal transmitted by neighboring TRPs during muting period, calculate the local timing difference, and use it to synchronize the PRS phases of the TRPs.
    FFS: TRP listening of PRS in FDD mode.



FL Comments:
In [[11], it was proposed to for TDD TRPs, support listening of PRS signal transmitted by neighboring TRPs during muting period, calculate the local timing difference, and use it to synchronize the PRS phases of the TRPs.
Interested companies are encouraged to provide their views on the above proposal from [11] in the following table.

	Company
	comments

	Locaila
	
It will greatly reduce burden in both UE and LMF because the initial phase offset error is removed from the source in TRP side.
No timestamping, no simultaneous measurement & reporting, no assistance data are necessary.
Without waiting correction data, V2X UEs will be able to perform CPP quickly, hence improving safety a lot.
We encourage companies to participate in this discussion to make NR CPP better than GPS CPP. 


	
	

	
	



Phase rotated PRS

Submitted Proposals: 
	Locaila[11]
	(Proposal 4) Supports the transmission of phase rotated PRS using the curl-vector to compensate the initial phase offset error between TRPs.



FL Comments:
In [11], it is proposed to support the transmission of phase rotated PRS using the curl-vector to compensate the initial phase offset error between TRPs. Interested companies are invited to provide their views on the above proposal from [11] in the following table. 

	Company
	comments

	Locaila
	Curl means circular vector movement in 2D/3D space. 

Applying curl-vector on PRS symbol gives the effect of shifting the whole signal wave in time axis for sub-nano second.
It is a useful technique not only for fine-tuning the phase offset, but also for returning the RTT phase information to a sender.
We suggest to keep exploring this feature to find other interesting applications.


	
	

	
	



UE CPP capability

Submitted Proposals: 
	Xiaomi[9]
	Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.

	IIT Kanpur, CEWiT[15]
	Proposal12: For NR carrier phase positioning, the UE information should include the following.
· Frequency range supported by the UE
· Frequency granularity supported by the UE to enable carrier phase measurement 
· DC carrier 
· Subcarrier
· Positioning frequency level
· Measurement reference point granularity supported by the UE
· Single measurement reference point supported
· Multiple measurement reference points supported 
· Per Rx antenna
· Per receiver RF chain
· Group of Rx chain/antenna 
· The supported integer ambiguity resolution method (UE-based CPP)
· Virtual carrier method
· Psudo range method (in the combination of existing measurements)
· Whether measuring UE support LoS/NloS identification (UE-based CPP)
· The PRS/SRS configuration supported by the UE


	Apple[17]
	Proposal 14: RAN1 should discuss the capabilities of the UE, TRP  and LMF for CPP. This could be one of the following:
· UE Capabilities for Carrier Phase Measurement and reporting i.e. can the UE perform a single frequency measurement or multiple frequency measurements within a PFL for CPP reporting
· PRU capability and configuration for double differential CPP i.e. can a UE serve as a PRU for CPP based on the accuracy of its position and measurement capabilities ?

Proposal 15: RAN1 should support the following to enable CPP in Release 18:
· Support joint legacy and CPP positioning and for a UE, optionally stand-alone CPP
· Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF. For the UE, this should be subject to a UE capability.
· A UE should be explicitly configured as a PRU for double difference CPP subject to its capability
· Support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. The measurements/transmissions should be time sensitive i.e. at a specific time or within a specific time duration
Proposal 16: for the UE’s positioning processing capability, the “Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE” should be updated especially in the case of joint traditional positioning with CPP due to the additional measurements needed. 




FL Comments:
Proposals related to UE capability are expected to be further discussed in UE feature session.


	Company
	comments

	
	

	
	

	
	




FL proposals for 1st online session (Wednesday)
Offline Consensus
· Support one of the following definition of the reference point of the UE/TRP carrier phase measurements(down-selection in RAN1#113).: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for both 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 both 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 measurement 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
· Send LS to RAN4, asking RAN4 to confirm RAN1’s decision and provide the feedback if there is any concern on the definition.




(H)(Round 1) Proposal 3.1-1 Revision #1)
· If a UE reports RSCPD measurements together with RSTD measurements in the same PFL in a measurement report, the reference TRP for both RSCPD and RSTD should be the same.
· Note 1: How to select the reference TRP for RSCPD is up to UE.
· Note 2: How to indicate the reference TRP for RSCPD and RSTD in signalling is up to RAN2.

(H)(Round 1) Proposal 3.2-1 (Revision #1)
· Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
· Consider one of the following alternatives:
· Alt. 1, If a UE Rx-Tx time difference/DL RSTD measurement instance is obtained with =2 or 4 samples as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement instance can be associated with (i.e., reported together with) up to RSCP/RSCPD measurement instances.
· Alt 2., The number of the RSCP/RSCPD measurement instances and their associated timestamps may or may not be the same as the number and the timestamps of the UE Rx-Tx time difference/DL RSTD measurement instances if the RSCP/RSCPD and UE Rx-Tx time difference/DL RSTD are reported together.

(H)(Round 1) Proposal 4.1-1

Adopt the following modifications on the agreements made in RAN1#112bis-e:

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



(H)(Round 1) Proposal 4.1-2

Adopt the following modifications on the agreements made in RAN1#112bis-e:

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.

(H)(Round 1) Proposal 4.2-1 (Revised #2)
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s). Each window is defined with the follow parameters:
· The start slot of the time window is indicated by a combination of subframe number and slot offset with respect to a reference time, e.g., the SFN initialization time
· The duration of the time window is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· The periodicity is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.

(H)(Round 1) Proposal 4.2-2 (Revised #2)
To enable 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), Each of the time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe number and slot offset with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· The periodicity of window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.


(H)(Round 1) Proposal 4.2-3 (Revision #1)
To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources are indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.
· Option 3C: A time windows is defined with the following parameters:
· The start slot of the time window, which is indicated by a combination of subframe and slot offset with respect to the IE nrTime in ScheduledLocationTime [or SFN initialization time 
· The duration of the time window, which is given by a number of consecutive slots
· FFS: the details of the number of consecutive slots
· The periodicity of window, which is defined similar to IE PeriodicitySRS in "Requested SRS Transmission Characteristics" in TS 38.455.

(H)(Round 1) Proposal 4.3-1 (Revision #1)
For UE-based carrier phase positioning, supporting at least one of the following options (make a decision in RAN1#113):
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU together with  other PRU information 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 on which of them is (are) supported by UE capability.
· FFS: other PRU information, which may include PRU location, the AoD of PRU to each TRP, etc..
· Option 2: Enabling LMF to provide the differential corrections to a target UE.
· FFS: the details of the correction information, which may include the corrections for TRP phase errors, ARP/APC errors, etc.

FL proposals for online session

TBD
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Appendix
Agreements made in RAN1#112bis-e
	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

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.

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.





Agreements made in 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.
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