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1 Introduction
In this contribution, we summarize main technical aspects discussed in contributions submitted to the NR Positioning AI – “7.2.10.1.3 DL and UL positioning techniques” and provide tentative proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
Based on review of the submitted contributions [1]-[10], the following list of open aspects was identified:
Positioning techniques for NR DL+UL positioning
Reference signal design for DL+UL positioning
UE and gNB measurements and reporting for NR DL & UL positioning
Other aspects for NR DL&UL positioning

Based on analysis of discussed topics, we observe that many of the proposals discuss specific technical details that can be addressed in WI stage, while some of the proposals relate to open design aspects that are desirable to resolve during the study item phase to properly define scope for WI. Therefore in this contribution we try to mark proposals into three categories:
1) Category 1: Proposals that may affect scope of WI phase and thus desirable to discuss/conclude during the SI phase 
2) Category 2: Proposals with common views expressed by companies or those that may be relatively easy concluded and thus are recommended to be resolved during SI phase
3) Category 3: Proposals that require additional technical debate and can be resolved during WI phase

In the next sections, we provide additional details and initial proposals to trigger further discussion and decision in RAN1 WG.

2 Overview of Contributions and Potential Proposals
DL+UL Positioning Techniques
Aspect #1 – E-CID Support
The multi-RTT positioning technique should be specified as an individual positioning method, separately from E-CID positioning, since multi-RTT and E-CID methods may be related to different higher-layer network procedures, performance requirements, UE capabilities and signaling ([9])
Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR ([10])
NR should support E-CID ([1], [2])
For CID and E-CID, SS and CSI-RS can be considered for RSRP measurement and PRACH, SRS, DMRS can be considered for AoA measurement for E-CID ([6])

Proposal for discussion (Category 1)
NR supports E-CID based positioning
· E-CID downlink measurements are supported based on RRM measurements defined in Rel. 15
· E-CID uplink measurements are supported based on measurements defined in Rel. 15

DL + UL Reference Signals
Aspect #2 – Reuse of Reference Signal for DL+UL Positioning
Adopt PRS for DL & UL positioning ([8])
The reference signals used for RAT-dependent DL-only positioning techniques and UL-only positioning techniques should also be used for RAT-dependent multi-RTT ([9])
· Special case can be considered the two-step RACH procedure ([9])

Proposal for discussion (Category 1)
The reference signals agreed for DL-only and UL-only positioning techniques are reused for DL+UL RTT positioning with multiple TPs/gNBs

Aspect #3 – Use of PRACH for NR DL+UL Positioning
The following views were expressed with respect to PRACH support for DL+UL positioning or UL only positioning:
For CID and E-CID, SS and CSI-RS can be considered for RSRP measurement and PRACH, SRS, DMRS can be considered for AoA measurement for E-CID. RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but for timing advance measurement the impacts of numerology and periodicity on positioning accuracy and latency should be studied ([6])
2-step PRACH procedure is considered ([7], [9])

Proposal for discussion (Category 1)
NR supports PRACH as a reference signal for DL+UL and UL only positioning

Measurements and Reporting for NR DL & UL Positioning
Aspect #4 – Additional Measurements for RTT
The following measurements are discussed with respect to RTT support:
Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used ([3])
DL OTDOA RSTD measurement and reporting process can be merged into the multi-cell RTT measurement process ([4])
NR DL & UL based positioning supports ranging procedure to measure round-trip time (RTT) with serving or multiple neighbouring TRPs/gNBs. NR supports RTT calculation through RTT estimate with reference cell and RSTD measurements of neighboring cells ([7])
At least UE Rx-Tx time difference and gNB Rx-Tx time difference is supported for synchronized cells, such as in a TDD system ([1])
NR supports the following signaling for UE-based and UE-assisted multi-RTT positioning technique ([9]):
· Time-stamp information during which each reported "UE Rx-Tx" and "gNB Rx-Tx" are valid 
· Quality indicators of the “UE Rx-Tx” and “gNB Rx-Tx”  measurements 
· Measured PRS-TP location/almanac information
· Study further the signaling, reporting and accuracy details of the "UE Rx-Tx" and "gNB Rx-Tx” measurements 
PDOA-based positioning technique for RTT measurement needs to be further studied in the aspects of higher accuracy and signaling overhead reduction ([5])

Proposal for discussion (Category 1)
NR supports TOA measurements by gNBs based on DL PRS processing
NR supports RTT measurements with multiple cells using following approaches
· RTT measurement with serving/reference TP/gNB and RSTD measurement of neighboring TPs/gNBs with respect to serving/reference TP/gNB
· Direct RTT measurements with multiple TPs/gNBs

Other aspects for NR DL+UL positioning
Aspect #5 – UE-based Positioning
The following views were expressed with respect to support of UE based positioning:
Support RAT-dependent UE-Based positioning for NR in Rel-16 ([9])
· Enables new use cases
· Enables improved performance of existing use cases
· Improved scalability
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features
NR does not support UE-based DL + UL based positioning ([1])
In our understanding, the same outcome/conclusion as will be reached for NR DL positing can be applied here.

Aspect #6 – Positioning for UEs in RRC_IDLE / INACTIVE States
The following views were expressed with respect to support DL+UL positioning for RRC_IDLE /INACTIVE UEs
Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release ([1])
RAN1 confirms that idle and inactive mode positioning is beneficial for the UE power consumption and the signalling overhead ([2])
· To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting the assistance data for positioning, performing positioning measurement in idle and inactive mode, and reporting measurement results via mechanism like early data transmission
· To enable UL idle and inactive mode positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning
NR positioning should support RRC idle and RRC inactive mode positioning without requiring all UEs to move to RRC connected mode ([3])
Support RRC_IDLE and RRC_INACTIVE mode positioning via broadcast information based positioning process. Positioning for RRC_IDLE and RRC_INACTIVE UEs can be performed using PRACH without going into RRC CONNECTED mode (UE does not receive RAR from gNB) ([8]).

In our understanding, the same outcome/conclusion as will be reached for NR DL positing can be applied here.

Aspect #7 – Multi-path Measurements at gNB Side for E-CID
The work in [1] proposed to improve E-CID by enabling timing and angle measurements at gNB side:
Extend E-CID report to support multi-path measurements at the gNB side to support single-BS positioning: ([1])
· The multi-path related measurement includes triplets of {delay, azimuth angle of arrival, zenith angle of arrival}
· Each triplet corresponds to a path identified by the UL channel or the SRS

Proposal for discussion - Category 1
RAN1 to discuss multipath measurement extension at gNB side for E-CID positioning 
· The multi-path related measurement includes triplets of {delay, azimuth angle of arrival, zenith angle of arrival}

Aspect #8 – Mapping of Reference Signals and Measurements
Up to date RAN1 has not explicitly concluded on association of reference signals and measurements used for NR DL and UL positioning. The mapping between DL+UL reference signals and UE/gNB measurements is proposed in Table below.

	
	Positioning Techniques
	Reference Signals
	UE Measurements
	gNB Measurements

	DL & UL only
	RTT with multiple cells
	DL PRS
UL PRS(SRS)
UL PRACH
	· RX-TX time difference
· RSRP (DL-AoD) over DL PRS
	· RX-TX time difference
· RSRP over UL PRS(SRS)
· UL-AoA over UL PRS(SRS)

	
	E-CID
	DL SSB
UL PRACH
	· RX-TX time difference
· RSRP (DL-AoD) over SSB
	· RX-TX time difference
· UL-AoA for UL PRACH



Proposal for discussion- Category 1
The following mapping b/w DL/UL reference signals and UE/gNB measurements is supported for NR DL+UL positioning
· Note: It does not preclude the use of additional legacy reference signals to assist UE measurements if proper association between reference signals is indicated to UE (e.g. QCL association)
	
	Positioning Techniques
	Reference Signals
	UE Measurements
	gNB Measurements

	DL & UL only
	RTT with multiple cells
	DL PRS
UL PRS(SRS)
UL PRACH
	· RX-TX time difference
· RSRP (DL-AoD) over DL PRS
	· RX-TX time difference
· RSRP over UL PRS(SRS)
· UL-AoA over UL PRS(SRS)

	
	E-CID
	DL SSB
UL PRACH
	· RX-TX time difference
· RSRP (DL-AoD) over SSB
	· RX-TX time difference
· UL-AoA for UL PRACH



3 Conclusions
In this contribution, we have provided overview of contributions on NR DL & UL positioning techniques aiming to select main aspects for discussion. Based on analysis of submitted contributions, we have made potential proposals that can be used as a starting point for further RAN1 WG discussion.
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Appendix
In this section, we provide outline of proposals provided by each company.
Huawei
Observation 1: When cells are synchronized, such as in a TDD system, UE may use the timing of the serving cell to receive DL RSs from and to transmit UL RSs to a neighbour cell.
Observation 2: UE Rx-Tx time difference and gNB Rx-Tx time difference can be easily applied to neighbour cells when cells are synchronized.
Observation 3: Both USNC-RTT and USSC-RTT can resolve transmission timing when the neighbour cells are asynchronous.
Proposal 1: NR should support E-CID and multi-RTT.
Proposal 2: Adopt the definition in the Appendix for the following measurements to support E-CID:
UE Rx-Tx time difference
gNB Rx-Tx time difference
Timing advance
Azimuth angle of arrival
Zenith angle of arrival
Note that the measurements defined are only limited to the serving cell for E-CID.
Proposal 3: Consider the definition in the Appendix for the following measurements to multi-RTT as the starting point:
UE Rx-Tx time difference
gNB Rx-Tx time difference
Proposal 4: At least UE Rx-Tx time difference and gNB Rx-Tx time difference is supported for synchronized cells, such as in a TDD system.
Proposal 5: NRs should support at least one of USNC-RTT and USSC-RTT for asynchronous networks.
Proposal 6: Extend the E-CID report to include multi-path related measurements at the gNB side to support single-BS positioning:
The multi-path related measurement includes triplets of {delay, azimuth angle of arrival, zenith angle of arrival}
Each triplet corresponds to a path identified by the UL channel or the SRS.
Proposal 7: NR does not support UE-based DL + UL based positioning.
Proposal 8: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 

vivo
Proposal 1: Support UE reporting downlink AOD and AOA information considering multi-beam mechanism.
Proposal 2: Support NR E-CID techniques based on neighboring cells or TRPs.
Proposal 3: RAN1 confirms that idle and inactive mode positioning is beneficial for the UE power consumption and the signalling overhead.
Proposal 4: To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting the assistance data for positioning, performing positioning measurement in idle and inactive mode, and reporting measurement results via mechanism like early data transmission.
Proposal 5: To enable UL idle and inactive mode positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning. 
Proposal 6: Adopt the text proposal for TR38.855 on NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE mode in the Appendix.

Nokia
Observation 1: UE triggering of multi-RTT (e.g. UE as LCS client) could cause high overhead of network resources if PRS on-demand is allowed. 
Proposal 1: Ask RAN2/3 to take resource overhead into consideration when designing the signalling details of Multi-RTT. RAN1 should also consider if PRS on-demand is supported for multi-RTT if it is introduced for NR. 
Observation 2: At least the following potential issues should be taken into consideration when specifying RTT based positioning methods:
Scalability with dense number of UEs 
Hearability (in particular at FR2)
Latency concerns
Proposal 2: Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used.
Observation 3: UEs in RRC idle or RRC inactive mode may experience high power consumption during multi-RTT positioning if required to first move to RRC connected prior to measurement. 
Proposal 3: NR positioning should support RRC idle and RRC inactive mode positioning without requiring all UEs to move to RRC connected mode. 

CATT
Proposal 1: NR positioning should support using all or partial combination of the to-be-defined DL/UL positioning measurements for obtaining the final UE position. How to select and combine the DL/UL measurements for NR positioning will be up to the implementation.
Proposal 2: NR positioning should support the techniques to obtain the final UE location based on the combination of the DL/UL positioning solutions.

LGE
Proposal 1: DL OTDOA RSTD measurement and reporting process can be merged into the multi-cell RTT measurement process.
Proposal 2: PDOA-based positioning technique for RTT measurement needs to be further studied in the aspects of higher accuracy and signalling overhead reduction.
Proposal 3: The combined use of DL and UL positioning techniques with divergent estimation methods needs to be further studied to avoid performance degradation of a single positioning technique in the possible worst cases.

Samsung
Observation 1: With more antenna elements for 5G UE, AoA measurement is feasible at the UE side.
Proposal 1: For CID and E-CID, SS and CSI-RS can be considered for RSRP measurement and PRACH, SRS, DMRS can be considered for AoA measurement for E-CID. RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but for timing advance measurement the impacts of numerology and periodicity on positioning accuracy and latency should be studied
Proposal 2: AoA/AoD can be measured and/or estimated from beam direction at both gNB and UE and such estimation can be used for angle based positioning.
Proposal 3: Angle based positioning can be combined with other RAT-dependent measurement such as signal strength, arrival time difference, or even RAT-independent measurement such as gyroscope to further improve positioning accuracy or reduce positioning complexity and latency.

Intel
Proposal 1: NR DL & UL based positioning supports ranging procedure to measure round-trip time (RTT) with serving or multiple neighbouring TRPs/gNBs
RAN1 to discuss details of ranging procedure and inform RAN2
Proposal 2: 
NR DL & UL based positioning based on round-trip time (RTT) measurements with serving or multiple neighbouring TRPs/gNBs supports
· UE-initiated ranging procedure
· NW-initiated ranging procedure
Support RTT measurements with neighbouring cells through RTT measurement with serving cell and RSTD measurements with neighbouring cells, considering serving cell as a reference cell
Candidate reference signals identified for DL only and UL only positioning are reused for DL & UL positioning solution
Further study UE-initiated ranging procedure based on
· 2-step PRACH procedure
· UL SRS procedure
Further study NW-initiated ranging procedure based on DL PRS and UL SRS/PRS signals

Mitsubishi
Proposal 1: Adopt PRS for DL & UL positioning
Proposal 2: Positioning for INACTIVE or IDLE UEs should be considered
Proposal 3: Positioning request in SIB and/or paging information should be supported for IDLE or INACTIVE UEs. FFS details of the request
Proposal 4: Support use of multiple TRPs for DL and UL based approach

Qualcomm
Observation 1: RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
●	Enables new use cases
●	Enables improved performance of existing use cases
●	Improved scalability
●	Improved operational range
●	Low UL overhead
●	Low latency
●	Very low specifications impact
●	Parity with RAT-independent UE-Based features
Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
Observation 3: RAT-dependent UE-Based positioning exists for RAT-independent methods.
Observation 4: Multi-RTT positioning could be used to improve the gNB synchronization.
Observation 5: The building block measurements of RTT-based positioning, i.e., "UE Rx-Tx" and "eNB Rx-Tx" measurements, already exist in LTE’s UE E-CID procedure, but accuracy of reporting is not enough for the 5G requirements.
Proposal 1: Support RAT-dependent UE-Based positioning for NR in Rel-16
Proposal 2: The multi-RTT positioning technique should be specified as an individual positioning method, separately from E-CID positioning, since multi-RTT and E-CID methods may be related to different higher-layer network procedures, performance requirements, UE capabilities and signaling.
Proposal 3: NR supports the following signaling for UE-based and UE-assisted multi-RTT positioning technique:
●	Time-stamp information during which each reported "UE Rx-Tx" and "gNB Rx-Tx" are valid
●	Quality indicators of the “UE Rx-Tx” and “gNB Rx-Tx”  measurements
●	Measured PRS-TP location/almanac information
●	Study further the signaling, reporting and accuracy details of the "UE Rx-Tx" and "gNB Rx-Tx” measurements.
Proposal 4: The reference signals used for RAT-dependent DL-only positioning techniques and UL-only positioning techniques should also be used for RAT-dependent multi-RTT. 
●	Special case can be considered the two-step RACH procedure.

Ericsson
Observation 1: The basic RTT procedure can be implemented in cellular networks in different scenarios, where the RTT can be measured using DL reference signal and UL reference signal.
Observation 2: Additional gNBs listening to RTT exchange between a gNB and a UE would provide more independent measurements to estimate position of the UE.
Observation 3: UE obtain positioning measurements by listening to RTT procedure signals between pairs of base stations
Observation 4: The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.
Observation 5: The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.
Observation 6: There are a large number of possible concepts, procedures, measurements that can be considered with the UL+DL umbrella
Observation 7: The different RTT simulations shows that there are significant gains to harvest from exploiting overhearing of RTT signaling.
Observation 8: Extensive use of RTT comes with a relatively right signaling cost, which may limit the capacity critically.
Proposal 1: Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR.
Proposal 2: Add the text proposal for NR E-CID in Appendix A.1 to the TR.
Proposal 3: Document for further study all different proposed concepts, procedures, measurements for UL+DL positioning in the TR
Proposal 4: Evaluate performance in terms of accuracy and latency, but are with respect to signaling costs for the different RTT-based solutions.
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