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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 since RAN1#112 ([2][3][4]). The purpose of this document is to provide a summary of the further discussion of the objective, based on the submitted contributions ([5-26]).

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) Multipath mitigation
8) Measurement procedures
9) 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.

Agreement (RAN1#113)
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· 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.





Timestamp 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.




Submitted Proposals: 
	Huawei, HiSilicon[5]
	Proposal 1: Support to adopt 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.
· Note: the OFDM symbol index is only applicable for the RSCP/RSCPD measurement.

	Spreadtrum Communications [7]
	Proposal 4: Support option 1 as the timestamp associated with a reported RSCP/RSCPD measurement.

	Nokia, NSB[9]
	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.

	Intel[10]
	Proposal 4
· 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. 


	ZTE[11]
	Error! Reference source not found.
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 

	LGE[13]
	Proposal 5: 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.


	CATT[14]
	Proposal 2: For the 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.


	CMCC[15]
	Proposal 4: 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.

	Apple[16]
	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.


	Xiaomi[17]
	Proposal 4: 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.

	OPPO[19]
	Proposal 4: Support Option 1 for the timestamp associated with a reported RSCP/RSCPD measurement.

	InterDigital[20]
	Proposal 2: 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)
Proposal 12: Include time stamp of the measurements in the measurement report by the PRU


	Samsung[21]
	Proposal 10: For carrier phase positioning measurement, the reported carrier phase is the carrier phase at the start of the slot or symbol containing the reference signal on which the measurement is performed.
Proposal 11: For carrier phase positioning measurement, when combining carrier phase cross multiple symbols, the carrier phase measurement should be independent of the symbol location.

	Lenovo[22]
	Proposal 6: Support Option 2 of enhancing the legacy definition of NR-TimeStamp IE associated to DL/UL carrier phase measurements to include the OFDM symbol index in a slot. 


	Qualcomm[23]
	Proposal 1: Existing NR-TimeStamp, together with existing reporting of which PRS Resource was measured, is enough to establish the measurement timing.

	MediaTek[24]
	Proposal 3-1: Slot level timestamp granularity could be sufficient for carrier phase measurement.



FL Comments:
The issue of whether/how the measurement timing is defined has been discussed intensively in the previous meetings. In RAN1#112bis-e, two options were agreed to be further discussed for making a final decision in RAN1#113. However, the consensus was not reached in RAN1#113. From the submitted proposals to this meeting, the companies’ views 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, ZTE, LGE, Apple(with clarification), Xiaomi (with clarification), Qualcomm, OPPO, Samsung (with clarification), MediaTek, 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, Nokia, NSB, CATT, CMCC, InterDigital, Lenovo

Option 1 has a slight majority of support. One main reason for companies to support Option 1 is that the UE may not be able to provide the symbol index for Option 2, e.g., if a UE uses all of the PRS OFDM symbols in a slot to determine the carrier phase, it may not be able to provide the carrier phase corresponding to a particular OFDM symbol. Conversely, many companies believe the carrier phase could be significant for different OFDM symbols, e.g., the carrier phases of first and the last OFDM symbols within a slot can be significantly different, especially for RSCP due to the impact of the UE frequency errors. Thus, there is a need to indicate the reported carrier phase corresponding to which OFDM symbols. In addition, a carefully designed carrier phase estimation algorithm should be able to estimate the RSCP for different OFDM symbols accurately. Given that the responsibility of carrier phase estimation largely rests with the UE, one possible approach going forward is to make reporting the symbol index within a slot optional. In other words, if a UE can more precisely determine the carrier phase for a given OFDM symbol, it can include the symbol index in the timestamp. In the following FL proposal, Option 3 is introduced by the FL for further discussion.

(H)(Round 1) Proposal 2.1-1

Adopt one of the following options 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. 
· 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: ZTE, LGE, Xiaomi, Qualcomm, Spreadtrum, 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: InterDigital, CATT, NTT DOCOMO, Nokia/NSB
· Option 3: 
· NR-TimeStamp, currently defined in TS 37.355, is reused by default as the timestamp for with the granularity of a slot.
· Subject to UE capability, a UE may optionally provide an OFDM symbol index in the slot of the timestamp.
· A gNB may optionally provide an OFDM symbol index in the slot of the timestamp.
    Supported by: Huawei, HiSilicon, InterDigital, CATT, NTT DOCOMO, Nokia/NSB


	Company
	comments

	Huawei, HiSilicon
	Option 3

	ZTE
	Support option 1 with out the FFS. This option is compatible with the legacy measurement report, i.e., RSTD and RTT.

	InterDigital
	Support Option 2 or Option 3.

	LGE
	We support option 1 and prefer to remove FFS. 

	Xiaomi
	Support option 1 with FFS

	CATT
	Support Option 2 or Option 3.

	NTT DOCOMO
	Our 1st preference is Option 2, but we can compromise to Option 3.

	Qualcomm
	We do not support OFDM symbol index. We support Option 1

	Spreadtrum
	Support option 1 without the FFS. 

	Nokia/NSB
	Option 2 or option 3.

	Ericsson
	We support Option 1 without the FFS.




Definition of RSCPD
Background
The definitions of RSCP and RSCPD were captured in the endorsed draft CR as follows [28]:

	
5.1.42	DL reference signal carrier phase (DL RSCP)	Comment by Lee, Daewon: [112-bis-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.



	Definition
	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 carrying DL PRS configured for the measurement. 	Comment by Lee, Daewon: [112] 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

[112-bis-e] 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.


DL RSCP is associated with the center frequency of the DL positioning frequency layer (PFL) configured for the measurement.	Comment by Lee, Daewon: Editor’s Note: RAN1 agreed that 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.


For frequency range 1, the reference point for the DL RSCP shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCP shall be the antenna of the UE.	Comment by Lee, Daewon: [113] Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
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.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE	Comment by Lee, Daewon: [112-bis-e] 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

[113] Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.




5.1.43	DL reference signal carrier phase difference (DL RSCPD)	Comment by Lee, Daewon: [112-bis-e] 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


[113] Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
The target and the reference TRP are in the same PFL


	Definition
	DL reference signal carrier phase difference (RSCPD) is defined as the difference of DL RSCPs measured from DL PRS transmitted in a DL PFL from the transmission point (TP) j and the reference TP i. If UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TP for RSCPD is the same as the reference TP reported for RSTD.	Comment by Lee, Daewon: [112] 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


[113] Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
The target and the reference TRP are in the same PFL

For frequency range 1, the reference point for the DL RSCPD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSCPD shall be the antenna of the UE.	Comment by Lee, Daewon: [113] Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
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.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE	Comment by Lee, Daewon: [112-bis-e] 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


[113] Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.








Submitted Proposals: 
	Intel[10]
	Proposal 1
· For DL RSCPD, RSCP j is measured using DL PRS received in a subframe SF_j from target TP j and RSCP i is measured using DL PRS received in a subframe SF_i from reference TP i that is closest in time to subframe SF_j..

Proposal 6
DL RSCPD is defined only with respect to the first path detected in time.

	LGE[13]
	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 RSCPTDW, j – RSCPTDW, i, where
· RSCPTDW, j is the carrier phase at the time when the UE receives configured DL PRS signal from TP j within the indicated time domain window.
· RSCPTDW, i 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.

	CMCC[15]
	Proposal 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
· 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.
Proposal 2: Support per path RSCP/RSCPD definition for the first path.


	OPPO[19]
	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.

	Qualcomm[23]
	Proposal 2: Do not adopt RSCP/RSCPD definitions for the i-th path for i>1 unless clear benefits from this are demonstrated. 




FL Comments:
Regarding NR DL RSCPD measurement, it was agreed that “RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.” The agreement does not define when the RSCPs are measured from the DL PRS signals from target TRP and reference TRP. Since last meeting, there has been discussion on whether to add the condition on when the RSCPs are measured (e.g., based on the simultaneously measured carrier phases, or based on RSCPs obtained from the closed subframes (e.g., [10][15]), or within the indicated time domain window [13]. In FL’s view, the clarification could be helpful, considering that UE is expected to use RSCPs measured close in time to minimize the impact of the time/frequency errors on RSCPD.

Another issue related to RSCPD definition is whether to include per path definition (Note: the per path definition was agreed for RSCP. However, it does not mean reporting RSCP of additional paths is supported in Rel-18, which is under a separate discussion in Section 9). The issue was also discussed in last meeting without final conclusion. For this meeting, there are still different views, e.g., [10][15][19][23]). This issue is closely related to whether we want to support reporting RSCP/RSCPD for additional path. In FL’s view, the issue may be further discussed if RAN1 can reach the consensus to support reporting RSCPD for additional paths.

(M)(Round 1) Proposal 2.2-1
 
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 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 should be the same as the subframe SF_j ,or if not feasible, the closest to subframe SF_j, from target TP i.
· Option 2: 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

	Company
	comments

	vivo
	In the last meeting, the 215 CR provide the definition of RSCPD, we prefer to use it as a baseline and double check any enhancement is needed.

	Huawei, HiSilicon
	Option 2

	ZTE
	Agree with FL’s view, this can be determined after the discussion for whether supporting report the carrier phase-related measurement for additional paths.

	SS
	Rather than a time window, or being in the same sub-frame, we would like introduce a condition for the phase difference measurement to be valid, which is the UE maintains phase coherency between the RSCP measurement of TP i and the RSCP measurement of TP j.

	LGE
	We support option 2. 
As we discussed so far, one of the important property in RSCPD is eliminating Rx phase error. Which means that same Rx phase error should be guaranteed between two RSCP measurements. In our view, “the closest” cannot guarantee same initial phase error. 
For option 2, we think it would be worth to define “time window” for indicating duration for UE where it should maintain initial Rx phase error for RSCPD measurement. 

	CATT
	Although we prefer a further clarification (either Option 1 or Option 2), we are fine with the definition already captured in endorsed draft CR, considering there are more critical issues that need to be resolved.

	Qualcomm
	No need further clarification in the definition

	Nokia/NSB
	Option2




Reference point of carrier phase measurements
Background
	Agreement (RAN1#113)
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· 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.




Submitted Proposals: 
	Nokia, NSB[9]
	Proposal 1: RAN1 should discuss solutions to mitigate the deterioration in CP measurement originated from PCO.

	IIT Kanpur, CEWiT[25]
	Proposal 6: The reporting of the phase center offset indicator along with RSCP and RSCPD by measuring UE/TRP should be supported. 




FL Comments:
The reference point of the carrier phase measurements has been discussed intensively in previous meeting and the agreement was made in last meeting that the reference points of the carrier phase measurements are the same as legacy timing measurements (RSTD/RTOA). In this meeting, there is a suggestion that RAN1 further discuss the solutions to mitigate the deterioration in CP measurement originated from PCO[9]. In [10], it is proposed to report the phase center offset indicator along with RSCP and RSCPD. In FL’s view, it might be useful for LMF in positioning calculation if UE/TRP can provide the information to the LMF.
(M)(Round 1) Proposal 2.3-1
· Support UE/TRP to optionally report the phase center offset information along with RSCP and RSCPD to the LMF.
· FFS: the details of the PCO information

	Company
	comments

	vivo
	We are not sure the UE can provide the value of PCO, could the proponent further explain how to obtain this information?


	SS
	We should first discuss the details of the PCO information before agreeing to this proposal.

	CATT
	How to deal with PCO is related to more advanced feature, which can be further studied in a future release.

	Qualcomm
	Based on previous agreement on reference point, which includes “It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for measurement reporting.”, we think there is no need for PCO reporting.

	Ericsson
	Not support. We don’t think that PCO is critical issue for completion of the feature.

	Nokia/NSB
	We are supportive of the proposal.




Initial Rx phase

Background
	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: 
	LGE[13]
	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.

	Apple [16]
	Proposal 1: No action by RAN1 to eliminate unknown initial Rx phase with RSCP/RSCPD reporting.

	Samsung[21]
	Proposal 12: For carrier phase positioning measurement, for RSCPD, a UE should maintain phase continuity between carrier-phase measurement of TRP1 and TRP2.



FL Comments:
Concerning RSCPD, it is important for the UE to eliminate unknown initial Rx phase by maintaining phase continuity during the measurement, which were pointed out in [13][21]. In [16], it points out no action is needed in RAN1 for eliminating unknown initial Rx phase. From the FL's perspective, this might be more closely tied to the UE's implementation, aimed at meeting the performance requirement defined by RAN4. As a result, it would be more prudent to let RAN4 decide whether/how to specify the requirement for eliminate unknown initial Rx phase for the RSCPD measurement.
(Round 1) Q&A 2.4-1
· Should RAN1 define the requirement related to the phase continuity for UE to eliminate unknown initial Rx phase for the RSCPD measurement?

	Company
	comments

	ZTE
	Prefer do not discuss the phase continuity problem in RAN1.

	SS
	For the phase difference measurement to be valid, the UE maintains phase coherency between the RSCP measurement of TP i and the RSCP measurement of TP j.

	LGE
	In our view, this issue is related to proposal in section 2.2. 
If we leave it as UE implementation issue, different UE may have different capability on maintaining initial RX phase, and in the worst case the major benefit from RSCPD cannot be guaranteed. Moreover, we think it would be worth to LMF have clear knowledge on UE behaviour on this issue; how long UE maintain phase continuity for RSCPD measurement. The information can be used to schedule PRS resource configuration, e.g. time domain parameters, which would be beneficial for single differential technique.  

	CATT
	We assume RAN4 can define the corresponding accuracy requirement for carrier phase measurements. Then, it will be up to UE’s implementation on how to meeting the requirement.

	Qualcomm
	No. Up to UE implementation

	Nokia/NSB
	Defining requirement would be up to RAN4, but we are okay to have discussion on this issue to clarify if there is RAN1 job to avoid performance degradation.




Carrier phase measurement reporting
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[5]
	Proposal 2:  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 measurements each of which is based on a single RS instance.


	Spreadtrum Communications [7]
	Proposal 3: support each DL RSCP/RSCPD measurement instance is obtained with  sample only. 

	ZTE[11]
	[bookmark: _Ref23552]Proposal 3: For carrier phase measurement report, only support M = 1 sample.

	LGE[13]
	Proposal 6: 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.

	CATT[14]
	Proposal 4: When RSCP/RSCPD are reported together with DL RSTD/UE Rx-Tx time difference measurements, one or more than one measurement instance of RSCP/RSCPD can be included in the measurement report. 
· The number of RSCP/RSCPD instances can be the same or different from the number of RSTD/ UE Rx-Tx time difference instances in a measurement report.
· The maximum number of RSCP/RSCPD instances is defined to be the same as the maximum number of RSTD/ UE Rx-Tx time difference instances as defined in Rel-17.

	Qualcomm[23]
	Proposal 6: Support only M=1 sample processing for carrier phase measurements.

	MediaTek[24]
	Proposal 4-1: Carrier phase measurement is reported by a per sample basis.

	IIT Kanpur, CEWiT[25]
	Proposal 2: For non-standalone CPP, RSCP and RSCPD should be performed on the same PFL resources used for RSTD and UE Rx-Tx time difference for the DL CPP
Proposal 3: For non-standalone CPP, RSCP and RSCPD should be performed on the same pos-SRS resources used for RTOA and gNB Rx-Tx time difference for the UL CPP



FL Comments:
In Rel-17, a UE may report one or more RSTD/ Rx-Tx time difference measurement instances, each has its own timestamp, in a single measurement report. Each measurement instance may be obtained based on the DL PRS processing of multiple (M) RS samples as defined in TS 38.113. For RSCP/RSCPD, combining the measurements of multiple samples may not be meaningful due to the values of the carrier phases at different samples can be significantly different. Thus, many companies propose supporting only M=1 for RSCP/RSCPD (e.g., [5][7][11][13][14][23][24]). 

Assume it is agreeable that only M=1 for carrier phase measurement, given that each RSTD and/or UE Rx-Tx time difference measurement may use M>1 samples, then for the time duration of obtaining one RSTD and/or UE Rx-Tx time difference measurement, the UE may obtain M carrier phase measurements. That is, each RSTD and/or UE Rx-Tx time difference measurement can be associated with up to M RSCP/RSCPD measurements as proposed by multiple companies (e.g., [6][13][14]).
In addition, one companies proposes [25] the same RS resource should be used from both CP measurements and legacy measurements if they are reported together. General speaking, the UE may most likely to obtain CP measurements and legacy measurements by processing the same RS resources. However, it is unclear whether there is need to force it. This may need a further discussion. At lease from time-domain, CP measurements and legacy measurements can be obtained from different time instances of the RS resources, since legacy measurements need to using multiple samples, while CP measurement should use one sample only. 

[bookmark: P311](H)(Round 1) Proposal 3.1-1
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.

Support: Most companies. One comment from Samsung.

	Company
	comments

	vivo
	Support

	Huawei, HiSilicon
	Support

	ZTE
	Support. 

	SS
	Within a slot, the DL RSCP/RSCPD can be derived from multiple symbols within the slot. However, DL RSCP/RSCPD is calculate from one slot. Therefore, a sample is a slot. It would be good to clarify.
FL: Here the refers to the number of samples that is used to obtain a measurement, which is defined in TS 38.113 by RAN4 and used in RAN1 in defining for the sampels needed to obtain the positioning measurement (see e.g., 5.1.6.5 in TS 38.214). 

	LGE
	Support 

	Xiaomi
	Support 

	CATT
	Support 

	NTT DOCOMO
	Support

	Qualcomm
	Support

	Spreadtrum
	Support. 

	Nokia/NSB
	Support

	Ericsson
	Support



[bookmark: P312](H)(Round 1) Proposal 3.1-2

A UE Rx-Tx time difference/DL RSTD obtained with (=2, 4) samples, as defined in TS 38.133, can be associated with, (i.e., reported together with) up to  RSCP/RSCPD measurements.

Support: vivo, Huawei, HiSilicon, InterDigital, LGE, Xiaomi, CATT, NTT DOCOMO, Qualcomm, Nokia/NSB
Not support: ZTE, SS, Spreadtrum, Ericsson

	Company
	comments

	vivo
	Support

	Huawei, HiSilicon
	Support 

	ZTE
	We prefer do not specifying the sample association relation. As different sample may locate in different time slots, and if this proposal is supported, the UE has to report multiple time stamps for each measured sample. For example, if the UE measured 4 samples for RSTD and RSCPD, the UE has to report the timestamp for RSTD measurement and FOUR timestamps for RSCPD measurement. Much more specification impact and more discussion will be involved if this proposal is agreed. Only 1 sample on carrier phase measurement can be supported.
FL: For each RSCP/RSCPD measurement, my understanding is that the timestamp is needed. The time gap between sampels can be very large, depending on the PRS periodicity, which can be in the range from 4ms to 10240ms. For legacy measurements, it is fine to combine multiple samples to get one measurement. For CP measurement, the measurement should be reported per sample.   From signaling point of view, I don’t see much complexity.

	InterDigital
	We support the proposal.

	SS
	Prefer to report a single sample.

	LGE
	Support 

	Xiaomi
	Support 

	CATT
	Support 

	NTT DOCOMO
	Support

	Qualcomm-sony
	OK. 

	Spreadtrum
	Prefer only one sample for RSCP/RSCPD measurements.

	Nokia/NSB
	OK

	Ericsson
	Do not support. Benefit is not clear.




(Round 1) Q&A 3.1-3

When a RSCPD/RSCP and a RSTD/Rx-Tx time difference reported together, should they be measured from the same PRS resources?

	Company
	comments

	vivo
	Yes, we prefer to measure the same PRS resource in the release.

	ZTE
	The benefit of measuring the same PRS resources should be first specified first. 

	SS
	Not necessary to add this restriction.

	LGE
	It might help to reduce the number of PRS reception, but not sure we need to force it.

	CATT
	No need to have such constraint in our view.

	Qualcomm
	After further thinking, we think this is the only reasonable UE implementation. A UE measures RSTD/RX-Tx on a first resource and also measures the phase on the same resource.

	IIT Kanpur, CEWiT	  
	The motivation for using Phase measurement with Legacy measurement is to enhance the accuracy of the legacy measurement. For that, it is crucial that the measurement are performed on the same PRS resources, as phase is a sensitive measurement that could change over time.

	Nokia/NSB
	We think it would be better to restrict to the same resource. If it is not agreeable, at least the RSCPD/RSCP and RSTD/Rx-Tx measurements need to be made from DL PRS resources associated with the same TEG.




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[14]
	Proposal 5: Make the following clarification on the reporting of DL RSCPD/RSCP measurements: 
· DL RSCP can be reported together with UE Rx – Tx time difference measurements obtained from one or multiple DL PFLs.
· DL RSCPD can be reported together with RSTD measurements obtained from one or multiple DL PFLs.
Proposal 6: Make the following clarification on the reporting of UL RSCP measurements: 
· UL RSCP can be reported together with RTOA and/or gNB Rx-Tx time difference measurements obtained from one or multiple UL carriers to LMF.


	Qualcomm[23]
	Proposal 4: UE does not report RSCP together with RSTD. UE does not report RSCPD together with UE-RxTx.




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, it would be better to make it clear that legacy positioning measurements are not limited to one DL PFLs as suggested in [14].

In addition, RAN1 has the agreement that RSCP is reported together with Rx-Tx time difference and RSCPD is reported together with RSTD. One company [23] suggests to further clarify that RSCPD is not reported together with Rx-Tx time difference and RSCP is not reported together with RSTD. While the intention of the proposal is clear, it is unclear to the FL on whether such clarification is needed, since the specification normally does not specify something that is not supported.  

[bookmark: P321](H)(Round 1) Proposal 3.2-1

When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements should be obtained from a single DL PFL only, although the DL RSTD measurements or UE Rx – Tx time difference measurements can be obtained from multiple DL PFLs.

Support: vivo, Huawei, HiSilicon, ZTE, InterDigital, Samsung, CATT, NTT DOCOMO, Qualcomm, Spreadtrum, Nokia/NSB
Not support: Ericsson

	Company
	comments

	vivo
	Support

	Huawei, HiSilicon
	OK. Then it should be clear which frequency the RSCPD is associated.
FL: Yes. How to indicating the frequency is discussed in Proposal 3.4-1. We can combine both proposals if it helps.

	ZTE
	We are ok to indicate PRS from which PFL can be used for CP measurement.

	InterDigital
	We have the same view as Huawei that there should be an association between RSTD and RSCP/RSCPD PFL.

	SS
	OK

	LGE
	We don’t see strong needs for restricting UE to measure RSCP/RSCPD in a single DL PFL only. 
FL: In Rel-18, the WID limits carrier phase measurements from a single DL PFL only.

	Xiaomi
	It is better to align the PFL for DL RSCPD/RSCP measurements between NW and UE.
FL: Yes, we have the agreement for NW to indicates which PRS resource sets to measure. 

	CATT
	Support. We support HW/ZTE/IDC’s view that it needs to indicate the DL RSCPD/RSCP is associated to which PFL.

	NTT DOCOMO
	Support

	Qualcomm
	Support

	Spreadtrum
	Support

	Nokia/NSB
	okay

	Ericsson
	In our view, the proposal is in violation with the following RAN1#113 agreement:

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL

We propose the reformulation:
When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements should be obtained from a single DL PFL only, although the DL RSTD measurements or UE Rx – Tx time difference measurements are also obtained from a single DL PFL. can be obtained from multiple DL PFLs.
FL: For Ericsson’s comment, my understanding is that agreement of RAN1#113 is for the DL RSTD/ UE Rx – Tx time and RSCPD from the same PFL, i.e,, “When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements should be obtained from a single DL PFL only.” It does not touch the reporting of legacy measurements of other DL PFLs.



(Round 1) Q&A Proposal 3.2-2

Please provide your view on whether RAN1 should specify “UE does not report RSCP together with RSTD. UE does not report RSCPD together with UE-RxTx”.

	Company
	comments

	vivo
	We prefer only capture the positive description in RAN1 specification. And ” UE does not report RSCP together with RSTD” can be illustrated by RAN2 signalling. That means RSCPD IE will be included in RSTD reporting.

	ZTE
	As we already agreed before, UE will report RSCPD together with RSTD, and report RSCP together with RTT, there’s no need to specify such a statement.

	SS
	No need to capture this in the RAN1 specifications.

	LGE
	It could be conclusion, and share similar view with vivo. 

	CATT
	Share the similar view with vivo and others above.

	Qualcomm
	This should be captured by RAN2

	Nokia/NSB
	We prefer to describe this feature by RAN2 spec. In RAN1, no need to capture such behavior.

	
	





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: 
	Huawei, HiSilicon[5]
	Proposal 7: Do not support stand-alone carrier phase measurement reporting.

	Spreadtrum Communications [7]
	Proposal 1: Do not support standalone DL RSCP and/or DL RSCPD reporting.

	Intel[10]
	Proposal 5
· 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. 

	ZTE[11]
	[bookmark: _Ref23542]Proposal 2: Support standalone carrier phase measurement report/carrier phase positioning in Rel-18. 

	Locaila[12]
	(Proposal 1) Support the standalone approach for integer ambiguity which uses multiple subcarrier phase information.

	Apple[16]
	Proposal 4: Do not support standalone carrier phase positioning at the UE. 


	InterDigital[20]
	Proposal 1: Introduce standalone carrier phase reporting/positioning in Rel-18


	Samsung[21]
	Proposal 18: 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[22]
	Proposal 1: RAN1 to deprioritize specification of CP measurements in terms of a standalone method for DL and UL CP measurements.


	Qualcomm[23]
	Proposal 3: Do not support standalone reporting of carrier phase measurements by UE (DL RSCP/RSCPD) or gNB (UL RSCP). 

	MediaTek [24]
	Proposal 5-1: Standalone reporting for carrier phase measurements is not supported

	IIT Kanpur, CEWiT[25]
	Proposal 1: The standalone carrier phase positioning should be supported in the Rel-18 carrier phase positioning framework. 
Note: Whether to perform standalone carrier phase positioning or non-standalone carrier phase could be up to UE capability.


	Ericsson[26]
	Proposal 3	Do not support stand-alone carrier phase-based positioning.



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: ZTE, Locaila, InterDigital, Samsung, IIT Kanpur, CEWiT
· No: Huawei, HiSilicon, Spreadtrum, Intel, Apple, Lenovo, Qualcomm, MediaTek, Ericsson
· Low priority: Lenovo

From the contributions, it seems there is no majority support for the support of stand-alone carrier phase measurement reporting/carrier phase positioning. Given this is final meeting for the WI, and there are many other urgent issues that need to be completed, the FL suggest checking again the opinions from all interested companies to see if we should continue the discussion on whether to support the stand-alone carrier phase measurement reporting/carrier phase positioning in this meeting.

(Round 1) Q&A 3.3-1
Please provide your view on whether we should continue the discussion on whether to support stand-alone carrier phase measurement reporting/carrier phase positioning in Rel-18.
	Company
	comments

	vivo
	We prefer not to further discuss the issue in Rel-18

	ZTE
	We are open for this issue.

	InterDigital
	The benefits of standalone positioning methods have been described in the companies contributions. Hence, we support to continue the discussion to support the standalone carrier phase measurement in Rel 18.

	SS
	We support standalone carrier phase measurement reporting

	LGE
	We have preference on supporting stand-alone CPM reporting, but ok with discuss it in the later release, if accepted.  

	CATT
	Share the similar view as LGE.

	NTT DOCOMO
	Considering RAN1#114 is the last meeting in WI phase, we prefer to postpone the discussion in the future release.

	Qualcomm
	No further discussion

	Nokia/NSB
	We don’t think RAN1 spec needs additional clarification.

	Locaila
	Standalone approach should be supported.
The UE should have the option to report only phase information or both phase and legacy measurement. The standard should not require a complex implementation by default. We have implemented CPP and we think it can work better without legacy TDoA..

	Ericsson
	Prefer not to discuss this further.




Measurement reporting content and parameters

Submitted Proposals: 
	Huawei, HiSilicon[5]
	Proposal 8:  Support reporting the frequency information together with the associated carrier phase measurement.
· The frequency information can be an ARFCN associated with the RSCP/RSCPD measurement.

	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

	CATT[14]
	Proposal 9: 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. 
· Note: These IDs associated with RSCP/RSCPD measurements may be the same as, or different from, the IDs associated with RSTD/UE Rx-Tx time difference measurements of the same PFL, even when both types of measurements are reported together in the same measurement report.

	InterDigital[20]
	Proposal 11: Specify the condition under which carrier phase should be measured and reported based on
· LOS/NLOS indicator associated PRS resource or TRP
· RSRP
Proposal 13: Include PRS resource ID(s) associated with PRU measurement in the measurement report by the PRU

	Samsung[21]
	Proposal 19: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· LOS/NLOS indicator
· Phase continuity indicator since last measurement

	Lenovo[22]
	Proposal 8: To enable the LMF to correct carrier phase difference measurement errors due to carrier frequency offsets (CFOs) for RSCP and RSCPD measurements made at both UE and PRU, the CFOs should be measured by both the UE and the PRU for each TRP for which measurements are taken, and these CFOs should be reported to the LMF.
Proposal 9: If RSCP measurements are reported by the UE and the PRU, the number of symbols separating the DL-PRS, for any two TRP’s should be reported to the LMF.
Proposal 10: If RSCPD measurements are reported by the UE and the PRU, the number of symbols separating the measured DL-PRS, between the reference TRP and target TRP used for the RSCPD measurement should be reported to the LMF.

	Qualcomm[23]
	Proposal 5: 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.

	IIT Kanpur, CEWiT[25]
	Proposal 13: 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 
· The phase center offset indicator
· RSRP of the path corresponding to carrier phase measurement 
· The error sources corresponding to the measurements, such as TEG, PEG, or any other.
· Measurement reference point.




FL Comments:
In [5], it proposes to support reporting the frequency information together with the associated carrier phase measurement. Although the LMF may derive the RF frequency based on the frequency information of the RS transmission if UE/TRP does not include it in the measurement reporting, reporting frequency information with carrier phase measurement is necessary in FL’s view since it could avoid some potential issues as mentioned in [5]. 

For granularity of the phase reporting, it is proposed in [23] that it should be fine enough so that the error it produces is much smaller than the UE’s positioning error, and the values of the granularities can be left to RAN4. For this, RAN1 indeed needs to make the decision on whether the granularity should be defined by RAN1, considering that RAN1 has made intensive evaluation on the CPP performance, where the carrier phase estimation can be accurate into very small fraction of a degree, or leave it for RAN4 to decide, assuming RAN4 needs also to conduct the evaluation again to define the performance requirements.

Multiple companies (e.g., [12][14][20][21][25]) have pointed out the DL PRS/UL SRS resource ID(s) and/or the DL PRS/UL SRS resource set ID(s) that were used to determine the UE measurements of DL RSCP/RSCPD should be reported. The FL assume this is a common practice similar to the existing legacy measurement reporting.

For the reporting of the LOS/NLOS indicator (e.g., [20][21[25]]), for non-standalone CPP, since RAN1 has made t he agreement that “Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report”, there is no need to reporting separate LOS/NLOS indication for CP measurements for non-standalone CPP.

Additionally, [22] has suggested UE/PRU to measure and report carrier frequency offsets (CFOs) for RSCP and RSCPD measurements, and report the number of symbols separating the DL-PRS for any two TRP’s for RSCP, and the number of symbols separating the measured DL-PRS, between the reference TRP and target TRP used for the RSCPD measurement. The reporting of these information may be helpful for LMF to minimize the impact of the time/frequency errors. [25] has also proposed reporting the additional parameters, some them are not covered in other proposals. These parameters also deserve further consideration. 

[bookmark: P341](H)(Round 1) Proposal 3.4-1

Support reporting the frequency information (e.g., ARFCN) together with the associated carrier phase measurement.
Support: Huawei, HiSilicon, ZTE, Samsung, CATT, Nokia/NSB
Not Support: Qualcomm, Ericsson

	Company
	comments

	Huawei, HiSilicon
	Support 

	ZTE
	Support. The carrier phase details are closely related to the frequency information for CPP.

	SS
	OK

	LGE
	We would like to clarify first whether the proposal is to allow carrier frequency for reporting other than center frequency or not.
FL: This proposal applies regardless whether RAN1 can/cannot reach the agreement on whether to support more than one carrier phase measurements from one PFL, since each measurement can only be associated with a single RF frequency. 

	CATT
	Support

	Qualcomm
	Not necessary. 

	Ericsson
	Not Support. We already have a sufficient agreement from RAN1#112b-e 

Agreement The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.

The center frequency is already known by LMF. In our understanding, the reason for the proposal in [5] is to enable RSCP/RSCPD measurements at other frequencies than the center carrier frequency. But this is also not needed: The phase at frequency  is given by 

where  is the phase at the center frequency ,  is the propagation delay and . This relation can be used (by LMF) to reconstruct the phase at different frequencies. 
FL: The main intention of the proposal is not for enabling RSCP/RSCPD measurements at other frequencies than the center carrier frequency. Whether to support other frequencies is discussed in Proposal 5.1. Considering that the RSCP/RSCPD measurements may be transferred between LMFs and also to target UE for UE-based manufactured from different vendors, having a clear indication of the carrier frequency is important for avoiding potential issues during the implementation and inter-operability test.
By the way, in my view, for using measured time delay  to reconstruct the phase at different frequencies, the measurement accuracy of the measured time delay  should at least be as accurate as phase measurement. Considering the accuracy of RSTD measuements (its reporting resolution is in the unit of Tc), which is already the length if multiple cycles when converted to the range, it is obvious not practical to use the legacy timing measurement for the reconstruction of the carrier phase measurement at different frequencies.

	Nokia/NSB
	OK




(H)(Round 1) Proposal 3.4-2

Adopt on of the following options for the granularity of the carrier phase reporting:
· Option 1: the granularity and the range of the carrier phase measurements is defined as follows:
· Granularity: [0.1] degrees
· Range: [0, 359.9] degrees
Support: vivo, ZTE, CATT
· Option 2: it can be left to RAN4. 
· Send an LS to RAN4, requesting them to define the granularity. 
Support: Huawei, HiSilicon, LGE, CATT, NTT DOCOMO, Qualcomm, Nokia/NSB, Ericsson

	Company
	comments

	vivo
	Option 1

	Huawei, HiSilicon
	Option 2. RAN4 is already discussing this.

	ZTE
	Option 1

	SS
	Fine to leave for RAN4 to decide

	LGE
	Option 2

	CATT
	Either option is fine to us.

	NTT DOCOMO
	Option 2

	Qualcomm
	Option 2

	Nokia/NSB
	Option 2

	Ericsson
	We can leave this to RAN4.

	FL
	It seems most of the company prefer RAN4 to take care of it.



[bookmark: P342](H)(Round 2) Proposal 3.4-2 (conclusion)

From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.

	Company
	comments

	Nokia/NSB
	OK

	
	

	
	




[bookmark: P343](H)(Round 1) Proposal 3.4-3

When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.

When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.

Support: Huawei, HiSilicon, ZTE, InterDigital, Samsung, LGE, Xiaomi, CATT, Qualcomm, Nokia/NSB
Not Support: Ericsson

	Company
	comments

	vivo
	It depends on the Q&A 3.1-3. If the resource is the same for DL RSCPD and RSTD, Rel-16 resource indication of RSTD can apply for the RSCPD in the same report.
FL: If Q&A 3.1-3 is agreeable, the proposal should still be valid, although for the high-layer signalling design, the reporting PRS/SRS resources IDs can be implicitly.

	Huawei, HiSilicon
	It should be clear that the PRS resource ID/set ID should reusing the existing signalling.

	ZTE
	Support. 

	InterDigital
	We support the proposal.

	SS
	Support

	LGE
	Considering the Tx initial phase error elimination, PRS resource ID reporting would be necessary for RSCP/RSCPD reporting. 

	Xiaomi
	Support 

	CATT
	Support

	Qualcomm
	Support.  

	Nokia/NSB
	Support

	Ericsson
	We assume that it will be the same resources that are used for RSCPD/RSCP as for the legacy measurement. Hence, the PRS Resource Id and PRS Resource Set ID is already in the report.
FL: The PRS resources for carrier phase measurements may or may not be exactly the same. It is up to UE’s implementation.
Maybe we can add a note to make it clearer:
Note: The PRS resources for carrier phase measurements may or may not be the same. It is up to UE’s implementation. It is up to RAN2/RAN3 in signaling design to consider the situations when the resources are the same or different. 




(Round 1) Q&A 3.4-4
Please provide your view on the reporting of the following proposals from [22]

· To enable the LMF to correct carrier phase difference measurement errors due to carrier frequency offsets (CFOs) for RSCP and RSCPD measurements made at both UE and PRU, the CFOs should be measured by both the UE and the PRU for each TRP for which measurements are taken, and these CFOs should be reported to the LMF.
· If RSCP measurements are reported by the UE and the PRU, the number of symbols separating the DL-PRS, for any two TRP’s should be reported to the LMF.
· If RSCPD measurements are reported by the UE and the PRU, the number of symbols separating the measured DL-PRS, between the reference TRP and target TRP used for the RSCPD measurement should be reported to the LMF.

	Company
	comments

	Huawei, HiSilicon
	Do not support

	
	



(Round 1) Q&A 3.4-5
Please provide your view on the reporting of the additional information proposed by [25]:

· The information mapping the measurement to the specific measurement reference point.
· 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.  
· RSRP of the path corresponding to carrier phase measurement 
· The error sources corresponding to the measurements, such as TEG, PEG, or any other.

	
Company
	comments

	Huawei, HiSilicon
	Do not support

	Qualcomm
	Support PEG report. The others are not necessary.  

	
	

	
	

	
	




[bookmark: _Toc111724344][bookmark: _Toc128127617]Differential CPP and PRU
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.

Working assumption (RAN1#113)
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement (RAN1#113)
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows

Agreement (RAN1#113)
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows




Submitted Proposals: 
	Huawei, HiSilicon[5]
	Proposal 10: Regarding the time domain for the gNB to configure the SRS that is transmitted simultaneously with a PRU
· The window duration is selected from {1-symbol, 2-symbol, 4-symbol, 8-symbol}
· The maximum number of windows is 16.

	Nokia, NSB[9]
	Proposal 3: For simultaneous DL RSCP measurements of UE-assisted positioning, the LMF requests target UE(s) and/or PRU(s) to report DL RSCP measurements for indicated DL PRS resources occurring within indicated time window(s). 
Proposal 4: For simultaneous DL RSCP measurements of UE-based positioning, RAN1 supports that the target UE requests the LMF to provide DL RSCP measurements of PRU(s) for specific DL PRS resource(s) within time windows(s).   

	Intel[10]
	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 3
· LMF may optionally request a gNB to perform UL RSCP measurements that are restricted to within a time window. 
Proposal 8
· To enable 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) or to measure the UL SRS resources from the UE within indicated time window(s), respectively, multiple windows could be indicated where the maximum number of windows is subject to capability of a gNB that is communicated to LMF.
Proposal 9
· To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets occurring within indicated time window(s), multiple windows could be indicated where the maximum number of windows is subject to capability of a UE (PRU or target UE) that is communicated to LMF.
Proposal 10
· To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), the reference time to determine the start of an indicated window is indicated by using a slot offset (which could be zero) with respect to the time in IE nrTime in ScheduledLocationTime.


	ZTE[11]
	[bookmark: _Ref30312]Proposal 11: The number of consecutive slots of each time window can be set as INTEGER (1,...,10).
[bookmark: _Ref23584]Proposal 12: The maximum number of the windows for simultaneous PRS measurement can be set as 4 windows for UE and PRU.

	CATT[14]
	Proposal 13: The duration of the time window for simultaneous PRS measurements is given by a number of consecutive slots, which can be configured as the following values:
· {[1, 2, 4, 6, 8, 12, 16, 20] * 2^µ} slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively.
Proposal 14:  Subject to UE’s capability, a UE may be configured with one or two time windows for simultaneous PRS measurements. 
Proposal 15: Confirm the working assumption in RAN1#113.
Working assumption
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows
Proposal 16: The duration of the time window#1 for LMF to request serving gNB for the transmission of the UL positioning SRS resources, and the duration of the time window#2 for LMF to request the serving gNB and neighboring gNBs for simultaneous SRS measurements are given by a number of consecutive slots, which can be configured as the following values:
· {[1, 2, 4, 6, 8, 12, 16, 20] * 2^µ} slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively.
Proposal 17: The number of time windows for the LMF to request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE can be {1, 2, 4, 8, 12, 16}. 
· Note: It is up to serving gNB on how to take the LMF request into account for the configuration of the UL positioning SRS resources for the UE, which may take UE’s capability of SRS transmission into account.
Proposal 18: The number of time windows for LMF to request the serving gNB and neighboring gNBs to measure the UL SRS resources can be {1, 2, 4, 8, 12, 16}. 


	InterDigital[20]
	Proposal 15: The UE is configured with one window for simultaneous reception of PRS
Proposal 16: The UE is configured with one window for simultaneous transmission of SRS
Proposal 17: For simultaneous transmission of SRS, the LMF should indicate to the gNB at least start time, duration and periodicity for the time window.
Proposal 18: For simultaneous reception of PRS, the LMF should indicate to the UE at least start time, duration and periodicity for the time window.

	Samsung[21]
	Proposal 2: A UE and/or a PRU only measures a PRS resource within an indicated time window, in which all the instances of the PRS resource during the activated duration of the indicated time window(s) are covered by that indicated time window, otherwise, the UE and/or the PRU doesn’t measure that PRS resource.  

	Qualcomm[23]
	Proposal 10: Confirm/agree on the working assumption from RAN1#113 on time-window for SRS configuration: 
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
FFS: the maximum number of the windows

Proposal 11: The maximum number of allowed time-window configurations for UE/PRU alignment should correspond to the number of different PRS/SRS resource-set periodicities, including multiple PFLs. The maximum time-window duration should correspond to the maximum time-span of PRS/SRS within one occasion/period. 

	Ericsson[26]
	Proposal 13	The “scheduled location time T” feature should be the baseline for enabling simultaneous measurements by different UEs in downlink and simultaneous transmissions by different UEs in uplink (and gNB measurements of those UL-signals).



FL Comments:
Regarding the WA made during RAN1#113, which is about LMF optionally requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), two companies [14][23] have proposed to confirm the WA [14][23]. No company suggested otherwise.  

To enable simultaneous PRS measurements and SRS transmission, RAN1 has agreed to introduce 3 time distinct windows: DL PRS reception, UL SRS transmission and UL reception. The parameters for the initiation time and periodicity of these windows have been agreed. However, the specific duration of these time windows remains "FFS". 

Concerning the time window for LMF requesting gNB in UL SRS transmission, it is proposed in [5] that the window duration can span across {1, 2, 4, 8} symbols. In FL’s understanding, the proposed window duration is related to  the transmission of a reference SRS resource, but not the time duration for the transmission of all positioning SRS resources.

Concerning time windows for the reception of the DL PRS/UL SRS, it is obvious the maximum time window duration should not exceed the correspond to the maximum time-span of PRS/SRS within one occasion/period as pointed in [23]. Shorter time window duration can be used with the consideration of the impact of device frequency errors as well as other factors such as the UE DL PRS processing capability, as mentioned in [11][14]. 

Regarding the number of time windows, for DL PRS reception RAN1 has the agreement that the windows are configured for the reception of the DL PRS resource set. Thus, the maximum number of windows needs to consider the maximum number of DL PRS resource sets for one DL PFLs [14] or multiple DL PFLs [23]. For UL reception, the windows are configured for the reception of the UL SRS resources. Thus, the maximum number of windows should consider the maximum number of the UL SRS resources or UL SRS resource sets [14].

(H)(Round 1) Proposal 4.1-1
Confirm the following working assumption made in RAN1#113: 

Working assumption
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows
	Company
	comments

	vivo
	Support

	ZTE
	Support

	InterDigital
	We support the proposal.

	LGE
	Support

	Xiaomi
	Support 

	CATT
	Support

	NTT DOCOMO
	Support

	Qualcomm
	Support

	Nokia/NSB
	Support




(H)(Round 1) Proposal 4.1-2
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by the following options:
· Option 1: {1, 2, 4, 8} OFDM symbols
· Note: The time window duration is for a reference SRS resource
· Option 2: {[1, 2, 4, 6, 8, 12, 16, 20] * 2^µ} slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively
· Note: The time window duration is for all SRS resources
· the number of the time windows can be configured as:
· {1, 2, …, 16}

	Company
	comments

	vivo
	The note is unclear to us, based on the previous agreement, only option 1 window may revert our 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).


	Huawei, HiSilicon
	Option 1

	ZTE
	For the duration of the time window, we prefer option 2. The duration of the time window in units of symbol is too short from our perspective, as if configured with {1,2,4,8} symbols, the time window(s) should be configured based on or associated with the SRS configuration.

	InterDigital
	Regarding option 1, since, in our understanding, a measurement window is supposed to include all SRS resources per occasion, the duration should be defined in terms of granularity of slots and not symbols. So we support Option 2.

With regards to the number of time windows, we support configuring of only 1 window per UE/PRU. Hence, from LMF point of view, the maximum number of window(s) can be associated with the maximum number of UE(s)/PRU(s) simultaneously transmitting the SRS resources.


	LGE
	Prefer option 2

	Xiaomi
	Not only the reference SRS resource, but also the target SRS resource should be transmitted in the indicated time window. So we prefer Option 2

	CATT
	Option 2 is fine to us. For Option 1, if we understand correctly, the time window is not span the whole time duration of the SRS transmission, but the window for UE to start the transmission of the SRS. With this understanding, we are also fine with Option 1.

	Qualcomm
	Option1 window duration looks too short, if it is only for one SRS resource, then a large number of windows may need to be provided (one per resource).




[bookmark: P412](H)(Round 2) Proposal 4.1-2
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, [12, 16, 20]} subframes
· the number of the time windows can be configured as:
· {1, 2, …, 16}

	Company
	comments

	Nokia/NSB
	OK

	
	

	
	





[bookmark: P413](H)(Round 1) Proposal 4.1-3
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window is by default the maximum time-span of all SRS resources within one SRS transmission period. The duration of a time window can be optionally configured as follows:
· [1, 2, 4, 6, 8, 12, 16, 20] subframes* 2^µ slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively.
· the number of the time windows can be:
· [1, 2, …, 16]

Support: Huawei, HiSilicon, ZTE, LGE, Xiaomi, CATT

	Company
	comments

	Huawei, HiSilicon
	OK

	ZTE
	Support.

	LGE
	Ok 

	Xiaomi
	Ok 

	CATT
	Ok




[bookmark: P414](H)(Round 1) Proposal 4.1-4
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of each time window is by default the maximum time-span of the indicated DL PRS resource set within one PRS transmission period. The duration of a time window can also be configured as follows:
· [1, 2, 4, 6, 8, 12, 16, 20] subframes* 2^µ slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively.
· the number of the time windows can be:
· [1, 2], FFS: {4, 8}

Support: ZTE, LGE, Xiaomi, CATT
Comments: Huawei/HiSilicon (1 window only), InterDigital (more windows)


	Company
	comments

	Huawei, HiSilicon
	For the UE, a single window should be sufficient.

	ZTE
	Support, larger number of the time windows can also supported. In our opinion, UE can support multiple measurement windows, which is similar to the MG.

	InterDigital
	With regards to the number of time windows for simultaneous measurement, we again support the LMF configuring only 1 window per UE/PRU. A PRU may support multiple UE(s) for simultaneous CP measurement. In this case, the total number of time windows may be associated with the maximum number of UEs supported by the PRU for simultaneous measurement.

	LGE
	Ok
BTW, we would like to have clear understanding regarding 2nd sub bullet. Is that mean UE can simultaneously use multiple time windows? Or it means up to [2] time window can be configured and time window switching mechanism will be supported? 
FL: In my understanding, if multiple time windows are supported, the UE will perform the measurements in the time duration that is the combination of the windows. Overlapping of the windows should be allowed. It does not necessary mean the UE needs to measure the same DL PRS resources multiple times.

	Xiaomi
	Ok 

	CATT
	Support




Assistance information for UE-based CPP
	Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.





Submitted Proposals: 
	Huawei, HiSilicon[5]
	Proposal 19:  In addition to the PRU CPP measurement, additional information in the assistance data should include AoD of PRU to each TRP.


	RUIJIE NETWORK [6]
	Proposal 1:  For additional information of the same PRU that should be reported to the target UE, besides the PRU location, it is proposed that at least one of the following PRU measurement information should be also reported:
· AoD of PRU to each TRPs
· The carrier phase error of the TRP
· Phase differences between the PRS resources of the TRPs, possibly including timing (e.g., PRS occasion and resource index) of the PRS resources whose phase difference is being reported
· Phase correction factors


	ZTE[11]
	[bookmark: _Ref23558]Proposal 20: Support enabling PRU to report ARP error and phase error information.
[bookmark: _Ref23562]Proposal 21: For UE-based positioning, support enabling LMF to forward ARP error and phase error information.

	Xiaomi[17]
	Proposal 2: Support LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.

	InterDigital[20]
	Proposal 14: The LMF forwards the PRU measurement to the UE if the LMF receives a request from the UE to forward the PRU measurement to the UE


	Lenovo[22]
	Proposal 4: Support LMF reporting configuration of phase-related errors for accurate DL/UL CP measurements.

	Qualcomm[23]
	Proposal 9: PRU measurements provided by LMF to UE for UE-based CPP include timing information to identify the instance of the PRS resource(s) that was measured.

	Ericsson[26]
	Proposal 4	LMF should not forward DL RSCP measurements of a PRU to a Target UE since differentiation will not be applied to DL RSCP measurements

Proposal 5	The following measurements and information from a PRU should not be forwarded by LMF to a target UE
- RSTD, TimingQuality,
- additional path information,
- additional measurements.

Proposal 6	LMF should provide the PRU locationEstimate as assistance data to the target UE. LocationError can be optional.
Proposal 7	Angle-of-arrival or angle-of-departure at the PRU has low priority.
Proposal 8	The locationEstimate of stationary PRUs does not need to be provided with the same periodicity as DL RSCPD measurements of the PRU.
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	If the DL RSCPD of a PRU has changed less than a predefined threshold or less than the DL RSCPD uncertainty, then the change does not need to be forwarded to the target UE.
Proposal 11	It should be possible for LMF to forward PRU measurements to the Target UE in batches.
Proposal 12	It should be possible for LMF to report carrier phase measurements from a non-physical PRU, similar to how it is possible to report for non-physical reference stations with GNSS-RTK.



FL Comments:
In RAN1#113, it was agreed that for UE-based carrier phase positioning, it supports LMF to forward the DL carrier phase measurements reported by a PRU in the positioning assistance data. Additional information includes at least PRU location. It is still FFS on other additional PRU information, e.g., the AoD of PRU to each TRP.

The following additional information were proposed in the assistance data:
· AoD of PRU to each TRP (e.g., [5][6])
· TRP carrier phase error information (e.g., [6][11][22])
· Differential corrections (e.g., phase differences between the PRS resources of the TRPs) (e.g., [6][17])
· ARP error (e.g., [11][26])
· Timing information of the CP measurement ([23])

In FL’s understanding, at least the timing information of the CP measurement should be included, which is included in the measurement report from the PRU. Other proposed information may also be helpful for UE-based CPP.

In addition, in [26] it proposes not forwarding DL RSCP measurements of a PRU to a Target. In FL’s understanding, if PRU provides RSCP to LMF, the LMF may either forward the RSCP measurements to UE based on existing agreement, or convert RSCP to RSCPD, which means the LMF needs to convert DL RSCP measurements of a PRU into DL RSCPD measurements before forwarding it to the UE. 

[bookmark: P421](H)(Round 1) Proposal 4.2-1

For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, including the following information in positioning assistance data, 
· The timestamp associated with the PRU carrier phase measurements.
· Optionally, the following additional information may also be included (down-selection)
· Option 1: the AoD of PRU to each TRP
· Option 2: TRP Tx carrier phase errors
· Option 3: Difference of the TRP Tx carrier phase errors
· Option 4: ARP location error
· Note: Further discussion is needed for the details any of the options is agreed

	Company
	comments

	Huawei, HiSilicon
	At least option 1

	ZTE
	Option 2 and option 4 can be included in the assistance data to improve the positioning accuracy. And we think option 3 can be calculated with the errors included in option 2. As for option 1, we are wondering what kind of benefit can be achieved and how does a PRU measure the AoD.

	InterDigital
	In our contribution, we have proposals to support timestamp associated with PRU carrier phase measurements and additionally PRS resource ID(s) measured by the PRU. Do we need Option 1 if we assume the PRU location is known to the UE. The UE should be able to obtain the AoDs between PRU and TRP based on the knowledge of locations of PRU and TRPs.
FL: I should the same view that from PRU location and all TRP locations, the UE will have the AoD of PRU to the TRPs.

	CATT
	In our view, timestamp is always needed for CP measurements. We are open for the discussion of other parameters.

	Qualcomm
	At least support timestamp. We are open to discuss whether/how the other Options can be useful and add them also. 

	Ericsson
	Option 1:
We support a solution that enable a UE (a PRU) to report its orientation to LMF. Then LMF can calculate the AoD.

We don’t support Option 2 and 3: 
In our understanding, the reason for forwarding PRU measurements is enable the target UE to calculate the TRP Tx carrier phase errors itself. Hence, if LMF reports them, then that means double work.


	Nokia/NSB
	We think the timestamp is the minimum information and open to discuss the listed options.

	FL
	It seems we may need more time to discuss the options. Maybe we can make the agreement on including the timestamp first.




Other issues
Submitted Proposals: 
	Nokia, NSB[9]
	Proposal 5: RAN1 introduces a concept of the validity time of the PRU measurement including at least one of the following: 
· PRU reports measurement validity time of a measurement when it reports the measurement.
· LMF determines the validity time of the PRU measurements. 

	LGE[13]
	Proposal 9: To enable intra-UE simultaneous RSCP/RSCPD measurement, introduce new priority of PRS resource for CPP measurement. 


	Samsung[21]
	Proposal 3: The MAC CE or DCI could be used to activate or deactivate one or multiple configured time window(s).
Proposal 4: A TRP receives the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.

	MediaTek[24]
	Proposal 2-1: To add a note that the simultaneous measurement is applicable only when the carrier phase are measured and reported

	Ericsson[26]
	Proposal 14	LMF indicate the PRS-resources that a UE should perform measurements on using the field nr-SelectedDL-PRS-IndexList-r16 in NR-DL-<XXXX>-ProvideAssistanceData-r16.




FL Comments:
In [9][26], it is proposed to request the UEs to perform measurements on indicated DL PRS resources instead of DL PRS resource set(s). In [13], a proposal is made to introduce new priority of PRS resource for CPP measurement. [21] proposes using MAC CE or DCI to activate or deactivate one or multiple configured time window(s), and the same Rx RF chain is used for a TRP to receives the UL SRS from target UE and PRU. [24] proposes to add a note that simultaneous measurement is applicable only when the carrier phase are measured and reported. Many of the proposals may be useful and may be needed for CPP. However, it is unclear to the FL on whether RAN1 has the time to discuss all of them in this final meeting. Interested companies are welcome to provide their views on these proposals, especially the priority to address these issues in the following table. We may further discuss some of the proposals, if it is needed, based on the feedback of the companies.

(Round 1) Q&A 4.3-1
Please provide your views on the following submitted proposals, especially on whether any of them should be further considered/resolved in this meeting:
· P1: RAN1 introduces a concept of the validity time of the PRU measurement including at least one of the following: 
· PRU reports measurement validity time of a measurement when it reports the measurement.
· LMF determines the validity time of the PRU measurements. 
· P2: To enable intra-UE simultaneous RSCP/RSCPD measurement, introduce new priority of PRS resource for CPP measurement. 
· P3: The MAC CE or DCI could be used to activate or deactivate one or multiple configured time window(s).
· P4: A TRP receives the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.
· P5: To add a note that the simultaneous measurement is applicable only when the carrier phase are measured and reported
· P6: LMF indicate the PRS-resources that a UE should perform measurements on using the field nr-SelectedDL-PRS-IndexList-r16 in NR-DL-<XXXX>-ProvideAssistanceData-r16.


	Company
	comments

	Huawei, HiSilicon
	P1 can be further considered in this meeting.

	ZTE
	For P4, we think its up to UE and PRU’s implementation to use the same Rx RF chain.
For P5, the LS on simultaneous measurement is not dedicated for CPP if I remember correctly. Therefore, from our perspective, there’s no such need for the note. 

	LGE
	P2: For CPP, phase error elimination is the most critical factor for achieving cm-level accuracy. So it would be worth to select pair of RSCP with smallest Rx phase error differences for a RSCPD. So PRS resources that can be measured at the same (or nearest) slot as (or from) the slot, where PRS resource of the reference TRP is measured, is preferred.  

	CATT
	These enhancements may be further discussed in a future release in our view.

	Nokia/NSB
	Support P1.




Integer Ambiguity

Background

	Agreement (RAN1#112bis-e)
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 (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.



Submitted Proposals: 
	Spreadtrum Communications [7]
	Proposal 2: The range or some alternative values of integer N should be provided/reported for carrier phase positioning.

	vivo[8]
	Proposal 3: 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.

	Nokia, NBS[9]
	Proposal 6: Support at least one of 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
· Support an LMF to define the frequencies to be used per gNB in the virtual wavelength method
· 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.

	Intel[10]
	Proposal 7
· For integer ambiguity resolution (IAR), introduce the following options in addition to the option of reporting RSCP/RSCPD with legacy positioning metrics,
· Option 2: For NR carrier phase positioning, subject to UE’s capability, support reporting of [mean value(s) of] carrier phase differentials across N subcarriers within a PFL.
· Option 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.
· Note: When CP measurements are reported along with legacy timing-based positioning measurements, the legacy measurements could be interpreted to serve as estimate of the IA.


	ZTE[11]
	[bookmark: _Ref31713][bookmark: _Ref23565]Proposal 22: 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]Proposal 23: 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.
[bookmark: _Ref12793]Proposal 24: For signalling concerning the integer ambiguity, at least support LMF providing the range of integer to UE for UE-based NR carrier phase positioning.


	Locaila[12]
	(Proposal 2) For resolving integer ambiguity, 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.

	LGE[13]
	Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options are supported in addition to default center frequency of a PFL
· Option 1: LMF informs the additional RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 2: LMF informs the additional 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. 

Proposal 3: If LMF informing the RF frequency list of DL RSCP/RSPD measurement per PFL or per UE is supported, support PRU (or UE with capability) reporting carrier phase measurement of multiple frequencies within single PFL.

Proposal 4: For determination of RF frequency of UL RSCP reporting for a target UE, following is supported in addition to default center frequency of a SRS resource
· LMF informs the additional RF frequency of UL RSCP measurement per UE or SRS resource (set)


	CATT[14]
	Proposal 25: 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 3: For Rel-18 NR CPP, support Option 1 in RAN1#112.
· Option 1: Support a UE/TRP to report the carrier phase measurements of M frequencies within a PFL/carrier to LMF.
· FFS: M = [2, 3].
· Note: Whether a UE supports reporting CP measurements using multiple carrier frequencies depends on the UE capability.
Proposal 26: 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 for a UE, subject to the UE capability. 


	Apple[16]
	Proposal 2: The issue of whether a frequency other than the centre frequency of the UL carrier can be used in the non-default case(s) will be dependent on UE capability. The LMF should configure the UE with the desired measurement frequencies if the UE indicates capability to do so.
Proposal 5: 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. 



	Xiaomi[17]
	Proposal 1: Support positioning report to contain the carrier phase of multiple sub-carriers.

	NTT DOCOMO [18]	
	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:
· The following solutions for integer ambiguity resolution can be discussed in future release if necessary:
· Reporting of carrier phase differentials across N subcarriers within a PFL
· The modification of the existing NR-TimingQuality with finer granularity
· Assistance data which provides the expected integer ambiguity range
· Reporting RSTD with the finer granularity


	OPPO[19]
	Proposal 1: For carrier phase positioning, support both Option 1 and Option 4:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier 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.
Proposal 3: The TRP reports the UL carrier phase measurement of multiple different REs in SRS resource for positioning.

	InterDigital[20]	
	Proposal 4: 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 5: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
Proposal 6: 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 7: 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 8: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 9: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.

	Samsung[21]
	Proposal 6: 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 7: 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 8: Don’t support option 3 (UE/TRP to optionally report an estimated integer ambiguity).
Proposal 9: Don’t support option 4 (LMF to provide the expected integer ambiguity range).

	Lenovo[22]
	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 7: RAN1 to support the following Options from the RAN1##112 meeting:
· 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.


	Qualcomm[23]
	Proposal 8: Do not support reporting of carrier phase measurements for more than one frequency within a PFL/carrier.


	IIT Kanpur, CEWiT[25]
	Proposal 4: The carrier phase measurement, at least across sub-carriers, should be supported for carrier phase positioning. 
Proposal 5: For UE-assisted carrier-phase-based positioning, phase measurement over multiple subcarriers should be reported to help mitigate the effects of noise.

Proposal 10: For carrier-phase-based positioning, the difference between the carrier phase of multiple subcarriers should be reported. 
Proposal 11: 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 


	Ericsson[26]
	Proposal 2 Do not introduce reporting of phase measurements at more than one frequency within the PFL.
Proposal 17	The question of integer ambiguity range reporting should be treated with low priority.
Proposal 18	Don’t support LMF providing an expected integer ambiguity range since (Option 4) since it can already be deduced from the RSTD resp. RTOA search window information standardized in Rel. 17.



FL Comments:
In RAN1#112, RAN1 agreed to further consider the four options of integer ambiguity resolution in NR carrier phase positioning. Since RAN1#112, the options have been discussed intensively in the previous meetings, but unfortunately no conclusion was reached. Companies views for this meeting may be summarised as follows:

· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· Support: Nokia, NSB, ZTE, LGE, CATT, Apple, Xiaomi, DCM, OPPO, InterDigital, Samsung, Lenovo (12)
· Not Support: Qualcomm, Ercisson (2)
· 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, Samsung, Lenovo, IIT Kanpur, CEWiT
· 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: Spreadtrum, Nokia, NSB, Intel, InterDigital, Lenovo
· 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: Spreadtrum, vivo, Nokia, NSB, ZTE, Apple, OPPO, Lenovo, IIT Kanpur, CEWiT, NTT DOCOMO
· Not Support: Samsung, Ercisson

The present situation remains consistent with those of the previous meetings. Option 1 and Option 4 have received predominant backing from the companies, while Option 2 and Option 3 have also garnered substantial support. The pros and cons of these options were extensively debated in both SI as well as in the preceding meetings. This situation could be attributed to the intricate nature of resolving integer ambiguity, a topic that hasn't been discussed at all in 3GPP positioning in previous releases. 

As our task is to finalize the WI during this meeting, it becomes crucial for RAN1 to determine the option(s) to be endorsed at this meeting. Regarding each option, there are multiple companies have recognized distinct advantages. Thus, the FL is curious if those with differing viewpoints on effectiveness are open to finding middle ground. Without agreeing any of the options, R18 CPP will be lack of the effective approach to resolve the integer ambiguity, which bring potential risk that R18 CPP might not achieve our intended objective of improving NR positioning accuracy.

The following FL Proposal is formulated using FL proposals of final round discussion in the preceding meeting [27]. Since this is the final meeting for the WI, we need to complete the details of the parameters and values. So, I've proposed certain parameter values within parentheses. I assume the proponents of the options may provide additional comments on the parameters and their associated values.

(H)(Round 1)Proposal 5.1
For NR carrier phase positioning, support the following options:
· Option 1: 
· Subject to UE’s capability, support LMF to request a UE, to report the carrier phase measurements corresponding to M RF frequencies within a DL PFL.
· M = [2, 3]
· Option 2: 
· Subject to UE’s capability, support LMF to request a UE to report a mean value of carrier phase differentials across N subcarriers within a PFL.
· FFS: N (e.g., [2, 4, 6, 8, 16, 32, 64])
· Option 3: 
· Subject to UE’s capability, support enabling a UE to optionally report an estimated integer ambiguity, N1, and/or the search range, N2, of the integer ambiguity, and/or the correlation of the integer ambiguity to LMF.
· FFS: N1, N2 (e.g., [0, 1, 2, .., 7])
· Option 4: 
· Support LMF to optionally provide the estimated integer ambiguity, M1, and/or the search range of the integer ambiguity, M2, to a target UE in the positioning assistance data for UE-based carrier phase positioning.
· FFS: M1, M2 (e.g., [0, 1, 2, …, 7])


	Company
	comments

	vivo
	We propose to postpone the discussion in the release and discuss the issue with a standalone CPP method together

	ZTE
	Options 1, 3, and 4 can be supported. 
For option 1, as analyzed in previous discussion, multiple carrier phase measurements are useful for the integer ambiguity resolution and positioning accuracy enhancement. 
For options 3 and 4, the configuration and/or report of integer ambiguity is beneficial for reducing the computational complexity.

	InterDigital
	We support Option 1, 2, 3 and 4.

	SS
	More discussion is needed

	LGE
	We have preference on option 1 and option 2, but ok with to postpone the discussion to the next release, if accepted. 

	Xiaomi 
	We prefer Option 1 and Option 4. We are also ok with to discuss it in next release

	CATT
	We are fine to support these options.

	NTT DOCOMO
	We believe these options would be beneficial to resolve integer ambiguity. But, if there are many discussion points, we think it may be better to postpone the discussion in future release and focus on other critical issues.

	Qualcomm
	We prefer to postpone this discussion in this release.  

	Spreadtrum
	We support Option 1, 3 and 4.

	Locaila
	Support option 2. 
No strong opinion on option 3, 4 although we don’t think it will be much helpful.
If this discussion has to be postponed to release-19, it should be prioritized for release-19, as integer ambiguity is essential for carrier phase positioning.
As we mentioned in the previous #113 meeting, option 1 does not explain how to calculate the ‘… M RF frequencies within a DL PFL’. The calculation method may affect the convergence of a frequency phase due to phase wrapping (see below figure). Mathematically, option 1 and option 2 are the same if the phases are unwrapped correctly. But unwrapping phases is difficult. Option 2 is more feasible in practice.

[image: ]

	Ericsson
	We do not support Option 1. We have debated this many times without an agreement.

We do not support Option 2. It is not needed since time-of-arrival, TOA, is in fact a normalized mean value of carrier phase differentials across subcarriers.

We do not support Option 4: Integer ambiguity range can already be deduced from RSTD resp. RTOA search windown information which was standardized in Rel. 17.




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: 
	Huawei, HiSilicon[5]
	Proposal 27: 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 28: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.

	Spreadtrum Communications [7]
	Proposal 5: Support option 2 for phase delays on Tx/Rx RF chains.


	viv[8]
	Proposal 2: Up to RAN4 to judge the availability and the necessity of PEG. 


	Nokia, NSB[9]
	Proposal 7: For RSRP measurements, the UE and gNB may report if they used the same RF chain for the reported RSCP measurements.

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.


	ZTE[11]
	[bookmark: _Ref18405][bookmark: _Ref12141][bookmark: _Ref6952]Proposal 29: 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 


	LGE[13]
	Proposal 10: Among the options for phase delays on Tx/Rx RF chains, support both/either option 1a and/or option2

Proposal 11: 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 12: For option2, PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.

	CATT[14]
	Proposal 30: 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.


	CMCC[15]
	Proposal 3: 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


	Apple[16]
	Proposal  6: To address the impact of the phase delays on Tx/Rx RF chains RAN1 select option 2: 
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

	Xiaomi[17]
	Proposal 3: Introduce the definition of the phase error group or reuse TEG with small margin value for initial phase error mitigation.

	NTT DOCOMO[18]
	Proposal 3: 
· Support the following option:
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

	OPPO[19]
	Proposal 5: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.

	InterDigital [20]
	Proposal 3: 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)

	Samsung[21]
	Proposal 15: 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 16: A UE transmitting SRS for positioning indicates the Tx antenna ID or the Tx RF chain ID used to transmit SRS.
Proposal 17: A gNB/TRP transmitting DL PRS indicates the Tx antenna ID or the Tx RF chain ID used to transmit the DL PRS.

	Qualcomm[23]
	Proposal 7: 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.


	MediaTek[25]
	Proposal 6-1: Don't define phase error group

	IIT Kanpur, CEWiT[25]
	Proposal 7: In Rel-18, CPP, reporting of Rx antenna ID/ RF chain ID along with carrier phase measurement should be supported.


	Ericsson[26]
	Proposal 15	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 16	Besides timing-error margin, additionally associate a phase-error margin to each Rx and Tx TEG.



· 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: 
· 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: 

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, which were discussed intensive in RAN1#113 w/o a conclusion. Since this is the final meeting of the WI. We should 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: Nokia, NSB, ZTE, LGE, CATT, Xiaomi, InterDigital, Qualcomm
· Not supported by: Huawei, HiSilicon, MediaTek
· 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: Samsung, IIT Kanpur, CEWiT
· Not supported by: 
· 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
· 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, LGE, Apple, Xiaomi, 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
· 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. In addition, it seems Option 2 might be viable option since it seems there is no strong objection to support it. If we take Option 2, there is a need to decide the values of the smaller margin, for which we may need RAN4’s input, since Rx/Tx TEG margins were decided by RAN4. 

(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.
· Note: The values of the smaller margin are determined by RAN4
· Send an LS to RAN4, requesting the confirmation on RAN1’s decision.
· 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
	Option 3 is preferred.

	Huawei, HiSilicon
	Option 1c

	ZTE
	Support option 1a. PEG can be introduced for CPP.

	InterDigital
	We support the Option 1a.

	SS
	Prefer Option 1b

	LGE
	We prefer option 1a. 
We also fine with option 2 with zero TEG margin value only. 

	Xiaomi
	Prefer Option 1a or option 2

	CATT
	Our preference is Option 1a. But, we also understand Option 1a needs more work in RAN1 than other options. Thus, we are okay with Option 1b/1c/2. We may want to avoid Option 3 as much as possible, considering the fact that RAN1 has spent a lot of effort on it.  

	NTT DOCOMO
	We prefer Option 2.

	Qualcomm
	Support Option 1a

	Spreadtrum
	Option 2 is preferred.

	Ericsson
	We are supportive of Option 1a or Option 2.

	Nokia/NSB
	Option 1a





CP 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: 
	Huawei, HiSilicon[5]
	Proposal 3: Support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements.

	vivo [8]
	· Proposal 1: Support a UE/TRP to report the carrier phase measurement and measurement quality indication 
· the range of measurement and measurement quality can be  from 0 to 360 deg
· the resolution of measurement and measurement quality can be 0.1 rad or 0.1 deg 

	ZTE[11]
	[bookmark: _Ref18399]Proposal 31: Support UE/TRP reporting the carrier phase measurement quality together with the phase measurement result.

	CMCC[15]
	Proposal 3: 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[20]
	Proposal 10: Specify the uncertainty range in phase measurements, RSCP/RSCPD, as a phase measurement quality indicator

	Lenovo[22]
	Proposal 5: 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[26]
	Proposal 1 The question of measurement quality indication should have low priority.




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. Multiple companies ([5][8][11][15][20][22][26]) have shared their perspectives on this matter in this meeting. Among them, the majority of companies ([5][8][11][15][20][22]]) support the UE/TRP to report the carrier phase measurement quality indication for the corresponding phase measurements. One company [26] considers the issue as a low priority. Additionally, one company [13] proposes using the uncertainty 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. One potential approach is to follow the similar way as NR-TimingQuality in TS 37.355, which is used to represent the timing measurement quality. 

NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}

-- ASN1STOP

In the following, the following FL made some suggestions on the phase quality values and also the resolution for further discussion.
(H)(Round 1) Proposal 7.1

Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index values: [0, …, 179] 
· phase quality resolution: [0.1, 0.2, 0.5, 1] degrees

	Company
	comments

	Huawei, HiSilicon
	Support.

	ZTE
	Support. The phase quality indication can be defined similar to NR-TimingQuality.

	InterDigital
	We support the proposal.

	LGE
	In our view, details on phase quality value and its resolution should be discussed in RAN4 

	CATT
	Support.

	Qualcomm
	OK

	Ericsson
	Similar view as LGE

	Nokia/NSB
	OK

	
	





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 [7]
	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.

	Nokia, NSB[9]
	Proposal 2: NR CPP should optionally support reporting the carrier phase of additional paths for both DL and UL.


	ZTE[11]
	[bookmark: _Ref18301]Proposal 32: Support UE/TRP reporting the carrier phase of the first path only.

	CATT[14]
	Proposal 33: In Rel-18, support only reporting RSCP/RSCPD of the first path. 

	CMCC[15]
	Proposal 5: For NR carrier phase positioning, support only the carrier phase of the first path.

	Apple[16]
	Proposal 7: 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.

	OPPO[19]
	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.

	Samsung[21]
	Proposal 13: For carrier phase positioning measurement, a UE or gNB provides a measurement based on the first (LOS) received multi-path.


	Qualcomm[23]
	Proposal 2: Do not adopt RSCP/RSCPD definitions for the i-th path for i>1 unless clear benefits from this are demonstrated. 

	IIT Kanpur, CEWiT[25]
	Proposal 8: 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. 
Proposal 9: 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. 




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

FL Comments:
Whether to support reporting carrier phase measurements of additional paths have been discussed in previous meeting. Based on the contributions, the opinions of the companies for this meeting can be summarised as follows:

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

Similar to last meeting, the number of companies in favour of reporting the carrier phase measurements of the additional paths is near the same as the number of the companies in favour of only reporting the carrier phase measurements of the first path. Thus, it will be very challenging to reach a consensus on this issue. Considering that this is the final meeting for the WI, and multipath mitigation is traditionally belongs to more advanced feature other than basic feature in positioning WIs, and thus no impact on the completion of the WI, the FL suggest deprioritising the discussion of the issue in this meeting. Interested companies are encouraged to provide their views on the above proposal in the following table.
(Round 1) Q&A 8-1
What is your view on deprioritising the discussion of the issue in this meeting?

	Company
	comments

	ZTE
	Support de-prioritize the discussion for the carrier phase measurement on additional paths.

	LGE
	We are fine with deprioritizing the discussion of the issue. 

	CATT
	Fine to deprioritize the discussion of the issue

	NTT DOCOMO
	We are fine with deprioritising the discussion.

	
	

	
	




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: 
	Samsung[21]
	Proposal 14: For carrier phase positioning measurement, a UE or gNB provides a LOS/NLOS indicator in the standalone carrier phase measurement report.



FL Comments:
The above proposal is related to a LOS/NLOS indicator in the standalone carrier phase measurement report, but RAN1 has so far not reached the agreement to support standalone carrier phase reporting/positioning, interested companies are encouraged to provide their views on the above proposal in the following table.

	Company
	comments

	ZTE
	This can be discussed if standalone carrier phase measurement report is supported.

	InterDigital
	We support the UE or gNB providing LoS/NLoS indicator in the standalone mode,

	CATT
	Share the similar view as ZTE





Measurement procedures
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

Conclusion (RAN1#112bis-e)
From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.



Submitted Proposals: 
	Nokia, NSB[9]
	Proposal 10: DL CPP measurements for UEs in RRC_CONNECTED state outside of a MG is up to the UE implementation in case the UE is configured to perform other DL PRS measurements outside of the MG. 

	CATT[14]
	Proposal 34: 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 35: From RAN1’s perspective, for UE supporting RSCP/RSCPD 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 RSCP/RSCPD, including requesting a measurement gap, and activating/deactivating preconfigured measurement gaps to measure the DL PRS resources to obtain both RSCP/RSCPD.
Proposal 12: 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 13: From RAN1 perspective, no further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.
Proposal 14: Periodic and semi-persistent transmission of positioning SRS should be supported for UL CPP in RRC_INACTIVE state.



FL Comments:
In RAN1#113, it was concluded that UE in RRC_CONNECTED state without measurement gap is not supported from RAN1’s perspective. However, it does not prohibit UE from measuring carrier phase if UE has the capability to do so. Thus, in [9], it proposes “DL CPP measurements for UEs in RRC_CONNECTED state outside of a MG is up to the UE implementation in case the UE is configured to perform other DL PRS measurements outside of the MG.” In FL’s understanding, it does not contract with the conclusion made in RAN#113, since it may not have the impact on RAN1. However, it may have the impact on other WGs, since the UE may report the carrier phase measurements together with other legacy measurements in RRC_CONNECTED state outside of a MG.

In RAN1#112bis-e, it was agreed 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

In [14], after further investigates it proposes there is no need for the further enhancements of physical layer procedures related to the DL/UL physical layer procedures. Consider the agreement made in RAN1#112bis-e is that the existing physical layer procedures for DL positioning (e.g., DL-TDOA) are reused unless necessary enhancements are identified, it seems we may not necessary to make new agreements or conclusion on the physical layer procedures. Interested companies are encouraged to provide their views on the above proposal in the following table.

(Round 1) Q&A 9-1 
What is your view on the following proposal from [9]?

· DL CPP measurements for UEs in RRC_CONNECTED state outside of a MG is up to the UE implementation in case the UE is configured to perform other DL PRS measurements outside of the MG.  

	Company
	comments

	Huawei, HiSilicon
	Do not support

	
	

	
	

	
	

	
	

	
	

	
	

	
	




(Round 1) Q&A 9-2 
What is your view on the proposal to make the following conclusion as suggested in [14]?

From RAN1’s perspective, 
1) No modification/enhancement is needed related to DL PRS resource set configuration(s) for CPP. 
2) The assumptions for DL PRS reception for RSCP/RSCPD are also the same as legacy positioning measurements (e.g., RSTD).
3) The same physical layer procedures for measuring RSTD/ UE Rx-Tx time difference with a measurement gap also apply for measuring RSCP/RSCPD, including requesting a measurement gap, and activating/deactivating preconfigured measurement gaps to measure the DL PRS resources to obtain both RSCP/RSCPD.
4) No additional enhancement is needed for UE-assisted CPP in RRC_INACTIVE state from RAN1’s perspective.
5) No further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.

	Company
	comments

	Huawei, HiSilicon
	We think no additional enhancement is needed for UE-assisted CPP in RRC_INACTIVE state from RAN1’s perspective and no further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.

	LGE
	1st bullet: Fine 
2nd bullet: We would like to understand clear meaning of “the assumption for DL PRS reception”. 
4th bullet: At least carrier frequency determination for the case where the center frequency of the PFL is not within a initial DL BWP should be discussed. 

	CATT
	Support

	
	

	
	

	
	

	
	

	
	




Others
Round trip carrier phase positioning
Submitted Proposals: 
	Locaila[12]
	(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.

	Samsung[21]
	Proposal 5: 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 have been discussed in the previous meetings. However, only few companies participated in the discussion and provided feedback. Interested companies are encouraged to provide their views on the above proposal in the following table.

	Company
	comments

	Locaila
	We hope this issue is resolved in this release, or at least in release-19 with higher priority.
We also note that round trip CPP is useful not only for sidelink positioning, but also for improving the initial phase error issue better than the double differential method.


	
	

	
	

	
	



TRP Time/Phase synchronization

Submitted Proposals: 
	Locaila[12]
	(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 [12], it is 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 in the following table.

	Company
	comments

	
	

	
	



Phase rotated PRS

Submitted Proposals: 
	Locaila[12]
	(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 [12], 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 in the following table.

	Company
	comments

	
	

	
	



UE CPP capability

Submitted Proposals: 
	Xiaomi[17]
	Proposal 5: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.

	Samsung[21]
	Proposal 1: support a UE capability to report a UE supporting PRU functionality. 



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

	Company
	comments

	
	

	
	



First Offline Session
Offline Consensus
Confirm the following working assumption made in RAN1#113: 

Working assumption
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of  system frame numbersystem frame number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

(H)(Round 1) Proposal 4.1-2
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by the following optionsvalues:
· Option 1: {1, 2, 4, 8, 12} OFDM symbols, 
· Note: The time window duration is for a reference SRS resource
· {Option 2: {[1, 2, 4, 6, 8, 12, 16, 20]} ms * 2^µ} slots, where µ=0, 1, 2 and 3 for SCS of 15/30/60/120KHz, respectively
· Note: The time window duration is for all SRS resources
· the number of the time windows can be configured as:
· {1, 2, …, 16}


First Online Session

(H)(Round 1) Proposal 3.1-1
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.

Support: Most companies. One comment from Samsung.

(H)(Round 1) Proposal 3.1-2

A UE Rx-Tx time difference/DL RSTD obtained with (=2, 4) samples, as defined in TS 38.133, can be associated with, (i.e., reported together with) up to  RSCP/RSCPD measurements.

Support: vivo, Huawei, HiSilicon, InterDigital, LGE, Xiaomi, CATT, NTT DOCOMO, Qualcomm, Nokia/NSB
Not support: ZTE, SS, Spreadtrum, Ericsson

(H)(Round 1) Proposal 3.2-1

When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements should be obtained from a single DL PFL only, although the DL RSTD measurements or UE Rx – Tx time difference measurements can be obtained from multiple DL PFLs.

Support: vivo, Huawei, HiSilicon, ZTE, InterDigital, Samsung, CATT, NTT DOCOMO, Qualcomm, Spreadtrum, Nokia/NSB
Not support: Ericsson

(H)(Round 1) Proposal 3.4-1

Support reporting the frequency information (e.g., ARFCN) together with the associated carrier phase measurement.
Support: Huawei, HiSilicon, ZTE, Samsung, CATT, Nokia/NSB
Not Support: Qualcomm, Ericsson

(H)(Round 2) Proposal 3.4-2 (conclusion)

From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.

	Company
	comments

	Nokia/NSB
	OK

	
	

	
	




(H)(Round 1) Proposal 3.4-3

When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.

When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.

Support: Huawei, HiSilicon, ZTE, InterDigital, Samsung, LGE, Xiaomi, CATT, Qualcomm, Nokia/NSB
Not Support: Ericsson



Offline Consensus (Proposal 4.1-1)
Confirm the following working assumption with modification made in RAN1#113: 

Working assumption

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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows



(H)(Round 2) Proposal 4.1-2
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, [12, 16, 20]} subframes
· the number of the time windows can be configured as:
· {1, 2, …, 16}


(H)(Round 1) Proposal 4.1-3
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window is by default the maximum time-span of all SRS resources within one SRS transmission period. The duration of a time window can be optionally configured as follows:
· [1, 2, 4, 6, 8, 12, 16, 20] subframes.
· the number of the time windows can be:
· [1, 2, …, 16]

Support: Huawei, HiSilicon, ZTE, LGE, Xiaomi, CATT
(H)(Round 1) Proposal 4.1-4
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of each time window is by default the maximum time-span of the indicated DL PRS resource set within one PRS transmission period. The duration of a time window can also be configured as follows:
· [1, 2, 4, 6, 8, 12, 16, 20] subframes.
· the number of the time windows can be:
· [1, 2], FFS: {4, 8}

Support: ZTE, LGE, Xiaomi, CATT
Comments: Huawei/HiSilicon (1 window only), InterDigital (more windows)
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Appendix

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.



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#113
	Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· 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.

Agreement
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 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 UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

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 resource sets 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
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL


Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.

Conclusion
From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.

Working assumption
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), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows

Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows
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