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1. Introduction

3GPP RAN1#96 meeting endorsed the TR 38.855 [1] that captured the agreements of the NR positioning SI in RAN1, RAN2, and RAN3. It is recommended to proceed with work item to support NR positioning in the NR positioning WI in Rel-16. In this contribution, we discuss the scope of NR positioning WI based on the conclusions captured in the TR [1].
2. Discussions
The Section 10 of TR 38.855 captures RAN1 agreements on the NR positioning in conclusions:
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DL-TDOA, UL-TDOA, and E-CID positioning were standardized for LTE, and should be standardized for NR as well. However, timing-based positioning (DL-TDOA, UL-TDOA) are sensitive to network synchronization error. When synchronization error is modeled, the evaluations in section 8.4 of TR 38.855 showed that for neither UL-TDOA nor DL-TDOA can meet the commercial requirements as described in section 5 of the TR.
Angle-based positioning (DL-AoD, UL-AoA) and RTT-based positioning are techniques proposed in the NR positioning SI. The advantage of these techniques is that they are robust to network synchronization errors. Evaluations in section 8.4 showed that DL-AoD and UL-AoA can met the commercial requirements in indoor office scenario.

Note that these techniques and their associated measurements can be combined to further improve positioning accuracy. In addition, there is not one single technique that can meet all the requirements all the time. Thus, it is important to standardize them all, and we have the following proposal:

Proposal 1: The NR positioning WI should cover DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, and Multi-RTT positioning.

RAN1 also agreed on the reference signal design in downlink and uplink in section 10 of the TR:
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Multiple sources proposed UL SRS enhancements for NR positioning with a variety of methods. In the conclusions of TR38.855, was recommended that the WI covered UL SRS enhancements. In addition, it was also recommended to introduce new downlink positioning reference signals (DL - PRS) in the conclusions. Thus, we have the following proposal:

Proposal 2: The NR positioning WI should at least cover new DL-PRS and UL SRS enhancements.

For UE-based positioning, RAN1 agreed on the conclusion:
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To support DL-only UE-based positioning, the UE needs to know the precise geographic locations of the measured gNBs/TPs and gNB synchronization information ("Real Time Difference (RTD)" in OTDOA location). Such UE based positioning would put more stringent network synchronization requirements. Moreover, exposure of the BSs/TPs location information to UE may have implications beyond technical considerations.   
Proposal 3: UE-based positioning is not included in the Rel-16 positioning WI.
In terms of architecture to support positioning, the debate is on whether to support location management functionality in RAN. RAN2 agreed on the following conclusion in RAN2#105 meeting:
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During the discussion in RAN2 and captured in the TR for study item, the following concerns over local LMF (LLMF) were raised by multiple sources:

· Effectiveness on latency reduction

· Impacts of UE mobility

· Co-existence of RAN with LLMF and centralized LLMF
· Other concerns that may involve SA3/SA2
Another important concern is that RAN with LLMF may significantly impact the network interface. 

Furthermore, based on the RAN2 LS, RAN3 made the following agreements regarding local LMF and RAN as LCS client:
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Considering the above-mentioned issues and controversial conclusions, we think the gain of introducing the positioning architecture with local LMF and RAN as LCS client is still unclear and thus may not proceed directly to normative work in Rel-16. Priority should be given to other important topics to be covered in Rel-16 positioning, such as support for various RAT-dependent positioning methods,  given the limited time available. The higher layer stage-2 specification and enhancement to LPP and NRPPa should target the completion of NR RAT-dependent positioning techniques based on the existing Rel-15 architecture. Hence, we have the following proposal:
Proposal 4: Location management functionality in NG-RAN and RAN as LCS client are not included in Rel-16 Positioning. 
Proposal 5: The higher layer stage-2 specification and enhancement to LPP and NRPPa to support NR RAT-dependent positioning techniques should be based on the existing Rel-15 architecture.
It was also mentioned in the conclusion of the TR that the location of the transmission measurement function under disaggregated architecture (CU-DU) should be further considered. Therefore, we have the following proposal.

Proposal 6: The NR positioning WI should support disaggregated architecture (CU-DU).
3.  Conclusion
In this contribution, we discussed the scope of NR positioning WI based on the TR 38.855 [1], and reached the following conclusions:
Proposal 1: The NR positioning WI should cover DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, and Multi-RTT positioning.

Proposal 2: The NR positioning WI should at least cover new DL-PRS and UL SRS enhancements.

Proposal 3: UE-based positioning is not included in the Rel-16 positioning WI.
Proposal 4: Location management functionality in NG-RAN and RAN as LCS client are not included in Rel-16 Positioning. 

Proposal 5: The higher layer stage-2 specification and enhancement to LPP and NRPPa to support NR RAT-dependent positioning techniques should be based on the existing Rel-15 architecture.
Proposal 6: The NR positioning WI should support disaggregated architecture (CU-DU).
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This study focused on analysis of the 3GPP NR RAT dependent positioning technologies and RAT-independent positioning technologies.


Regulatory and commercial target performance requirements for RAT dependent solutions are captured in Section 5.


Three NR positioning evaluation scenarios were identified for system level analysis of RAT-dependent positioning techniques as described in Section 6.1.


Evaluation results have shown that in considered evaluation scenarios it is feasible to achieve regulatory and commercial target performance requirements for horizontal positioning accuracy using RAT-dependent solutions as described in Section 8.5 that provides summary of evaluations results from different sources. The summary in Section 8.5 indicates which RAT-dependent solutions can reach target performance requirements for each evaluation scenario.


Based on conducted analysis it is recommended to define reference signals to be used for UE and gNB measurements to facilitate support of the following positioning techniques:


-	DL based positioning


-	DL-TDOA and DL-AoD based positioning techniques


-	UL based positioning


-	UL-TDOA and UL-AoA based positioning techniques


-	DL and UL based positioning


-	RTT based positioning technique


-	E-CID based positioning technique


At least the following set of measurements was identified as necessary for NR RAT dependent positioning solutions and recommended to be specified:


-	UE measurements based on reference signals from serving and neighbouring gNBs


-	DL RSTD measurements 


-	DL RSRP measurements 


-	UE RX-TX time difference measurements


-	gNB measurements at serving and neighbouring gNBs


-	UL RTOA measurements


-	UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles)


-	UL RSRP (reference signal received power) measurements


-	gNB RX-TX time difference measurements





It was identified that enhancements are necessary (e.g., based on extensions to current reference signals or with new reference signals) to� meet horizontal accuracy requirements in some scenarios. In order to achieve target performance characteristics, it is recommended to introduce new downlink positioning reference signals (DL - PRS). As for UL reference signals, it was identified that UL SRS can be used as a starting point for UL PRS for NR positioning. A variety of enhancements for UL SRS were proposed by many sources and were reported to be beneficial by these sources.� 





DL-only UE-based positioning is feasible from a RAN1 perspective. System level aspects need further consideration in other working groups.�





The following is concluded for positioning architecture of NR positioning:


-	Regarding location management functionality in RAN, RAN2 conclude that this option is recommended for normative work, provided the concerns (as described in subclause 9.3.1) raised in the study phase are addressed.





Conclusion for positioning architecture:


- Regarding location management functionality in RAN, RAN3 could not reach a common understanding on any recommendation.


- Regarding NG-RAN acting as LCS client, RAN3 needs more justification in term of scenarios and foresee also further consideration on the authorization and privacy aspects.








