[bookmark: _Hlk114676640]3GPP TSG RAN WG1#113	 	 	R1-2305603
Incheon, Korea, May 22nd – May 26th, 2023

Source:	NTT DOCOMO, INC.
Title:	Discussion on NR DL and UL carrier phase positioning
[bookmark: Source]Agenda Item:	9.5.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN#99 meeting, revised WID on Rel-18 NR positioning was agreed [1]. The work item includes objectives related to improved positioning accuracy as follows:
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].
· 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 with measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].

In this contribution, we present our views on physical layer measurements and signalling to support NR DL and UL carrier phase positioning for Rel-18 NR positioning.

2. Integer ambiguity
In carrier phase positioning, precise detection of wave-number between transmitter and receiver is an important procedure. If there is an ambiguity of the measured carrier wave-number (i.e., integer ambiguity), the positioning accuracy is degraded. Regarding solution of integer ambiguity resolution, some candidates were discussed at the last meeting and the following proposals were made [2].
(H)(Round 5)Proposal 5-1
Subject to UE’s capability, support LMF to request a UE, to report the carrier phase measurements corresponding to M configured RF frequencies within a DL PFL
· FFS: the details, including the value(s) for M 

(H)(Round 5)Proposal 5-2a
For NR carrier phase positioning, support reporting RSTD with a finer granularity than current RSTD.
· FFS: the granularity

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

(H)(Round 4)Proposal 5-3
Subject to UE’s capability, support enabling a UE to optionally report an estimated integer ambiguity and/or the search range of the integer ambiguity, and/or the correlation of the integer ambiguity to LMF.
· FFS: the details of the estimated integer ambiguity and/or the search range, which can be based on the modification of the existing NR-TimingQuality with finer granularity

(H)(Round 4)Proposal 5-4
Support LMF to optionally provide the 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.
· FFS: the details of the estimated integer ambiguity and the search range

Proposal 5-1:
Since integer ambiguity resolution based on measurement of multiple carrier frequencies is known as one solution in GNSS carrier phase positioning, it would also be beneficial to resolve integer ambiguity of NR carrier phase positioning. The performance gain obtained from increasing the number of configured RF frequencies within a DL PFL is not clear, however, the UE complexity for carrier phase measurements may be increased. The value M = 2 can be considered as the baseline.
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 5-2a:
RAN1 agreed that Rel-18 NR supports reporting carrier phase measurement results together with RSTD measurement results. If reporting RSTD with a finer granularity than the existing RSTD is supported, we think integer ambiguity resolution granularity will be improved. However, if RSTD measurement error range is larger than the finer granularity, the introduction of the finer granularity does not provide any gain. Therefore, if accurate RSTD measurement with a finer granularity is feasible, reporting RSTD with the finer granularity is beneficial.
Proposal 2: 
· If accurate RSTD measurement with a finer granularity is feasible, reporting RSTD with the finer granularity is beneficial.

Proposal 5-2b:
Proposal 5-2b was discussed at the previous meetings, however, it’s not clear what is the difference between proposal 5-1 and proposal 5-2b. 
There are some discussion points on proposal 5-2b. One of the discussion points is whether carrier phase difference between subcarriers within a PFL is beneficial than the carrier phase difference between different PFLs, and another discussion point is whether a UE should calculate and report carrier phase differentials across N subcarriers rather than calculating and reporting just carrier phases of N subcarriers. Thus, proposal 5-2b needs further discussion.
Proposal 3:
· Reporting of carrier phase differentials across N subcarriers within a PFL needs further discussion.

Proposal 5-3:
In Rel-17 NR, the minimum granularity of timing-based measurement quality (e.g., NR-TimingQuality) is 0.1m, it may be enough to resolve integer ambiguity of carrier phase positioning.
Proposal 4:
· The modification of the existing NR-TimingQuality with finer granularity may not be necessary.

Proposal 5-4:
The current NR positioning methods support PRS measurements based on assistance data which provides helpful information. For example, DL-AoD method supports RSRP/RSRPP measurements based on the assistance data providing expected angle of arrival/departure at the UE. Similarly, assistance data which provides helpful information to operate NR carrier phase measurement can be considered. For example, assistance data providing the expected integer ambiguity range may be beneficial for integer ambiguity resolution.
Proposal 5: 
· Assistance data which provides the expected integer ambiguity range should be considered.

3. Phase Error Group (PEG)
Regarding PEG, the following agreement was made at the last meeting [3].
[bookmark: FP2]Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of \the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.

In our understanding, Tx/Rx timing error and Tx/Rx phase error would be considered to occur from the same factor such as delays on Tx/Rx RF chains. Thus, Timing Error Group (TEG) framework specified in Rel-17 NR can be reused for mitigation scheme of phase error. In Rel-17 NR, TEG margin is specified with the minimum value of 2Tc which corresponds to 0.3 m position error. Given that a wavelength of carrier may be cm-order, the enhancement of legacy TEG margin may be necessary (e.g., introducing smaller margin value).
Proposal 6: 
· Support the following option:
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

4. Timestamp granularity
Regarding timestamp granularity of carrier phase measurements, the following agreement was made at the last meeting [3].
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.

Considering phase error impact of oscillator drift with symbol-level, any phase error may occur between front symbol and end symbol within a slot. For example, when we assume 0.1ppm at a UE as RAN1 simulation assumption in Rel-18 SI phase, the maximum oscillator drift may be 0.007 Hz per symbol at 1 GHz carrier frequency and 0.07 Hz per symbol at 10 GHz carrier frequency. 0.07 Hz corresponds to 25 degrees. In the case, phase error between front symbol and end symbol within a slot may be moderately large. For down-selection between option 1 and option 2, whether such as moderately large phase error impacts on carrier phase measurement or not should be considered.
Observation 1: 
· Phase error between front symbol and end symbol within a slot may be moderately large.
· For down-selection between option 1 and option 2, whether such as moderately large phase error impacts on carrier phase measurement or not should be considered.

5. Phase reference point
Regarding phase reference point of carrier phase measurements, the following agreement was made at the last meeting [3].
Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame

The difference between option 1 and option 2 is who compensates carrier phase measurement results according to reference point position. In option 1, the compensation is performed at TRP/UE side. In option 2, the compensation is performed at LMF side. From perspective of the additional complexity due to compensation, option 2 may be friendly to TRP/UE. However, NR carrier phase positioning is under discussion with the assumption that legacy positioning method will be used for integer ambiguity resolution. In other words, when a TRP/UE operates carrier phase positioning, the TRP/UE needs to perform the compensation for legacy positioning measurement anyway. Based on the above discussion, it would be better that whether the compensation according to reference point position is performed or not is the same between carrier phase positioning and legacy positioning.
Proposal 7: 
· Support the following option:
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.

6. Conclusion
In this contribution, we discussed on physical layer measurements and signalling to support NR DL and UL carrier phase positioning for Rel-18 NR positioning. Based on the discussion, we made following observation and proposals.
Observation 1: 
· Phase error between front symbol and end symbol within a slot may be moderately large.
· For down-selection between option 1 and option 2, whether such as moderately large phase error impacts on carrier phase measurement or not should be considered.
Proposal 1: 
· Reporting the carrier phase measurements corresponding to M configured RF frequencies within a DL PFL should be considered.
· M = 2 can be considered as the baseline.
Proposal 2: 
· If accurate RSTD measurement with a finer granularity is feasible, reporting RSTD with the finer granularity is beneficial.
Proposal 3:
· Reporting of carrier phase differentials across N subcarriers within a PFL needs further discussion.
Proposal 4:
· The modification of the existing NR-TimingQuality with finer granularity may not be necessary.
Proposal 5: 
· Assistance data which provides the expected integer ambiguity range should be considered.
Proposal 6: 
· Support the following option:
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
Proposal 7: 
· Support the following option:
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
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