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1 Introduction
The new SI - Study on NR positioning support was updated in [1] at plenary meeting #81. The NR positioning should exploit NR RAT characteristics to support positioning use cases that have higher accuracy, lower latency, lower power consumption, etc. In the last RAN1 meeting, the following agreements regarding uplink positioning solutions have been made [2]: 
· NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
· UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
· NR should support UL-AoA based positioning techniques in FR1 and FR2
· UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
This paper discusses the uplink based positioning solutions.
2 Discussion

UTDOA is the main uplink positioning technique in LTE, which is based on the estimation of RSTD from UE to multiple RAN nodes. Uplink positioning techniques are also important is R16. According to the agreements in last RAN1 meeting, the UL-TDOA and UL-AoA should be supported in NR. 
In LTE, LPP and LPPa protocol defined the signalling procedure for UTDOA positioning. In NR, the signalling procedure for UL-TDOA can be studied referring to LPP and LPPa. For UL-TDOA at FR1, the signalling procedure can be similar to that in LTE. Thus, the UL-TDOA signalling procedure can consider to use LTE procedure as the baseline. For NR FR2, is has been agreed in RAN1 that the UL beam sweeping and UL beam alignment should be supported [2]. Thus RAN3 needs to study the UL-TDOA signalling procedure for NR FR2. Also, NR has defined novel RAN architecture. The signalling procedure under new RAN architecture should be studied.
Proposal 1: The UL-TDOA signalling procedure at FR 1 can be studied taking the procedure in LTE as a starting point.

Proposal 2: The UL-TDOA signalling procedure at FR2 should be also supported.

Proposal 3: The UL-TDOA signalling procedure under the NR RAN architecture should be supported.
Since massive antennas system would be widely applied in NR system, it is reasonable to support angle based positioning technique in NR. The UL-AoA technique has already been agreed to be supported in NR according to the latest RAN1 meeting [2]. Thus, RAN3 should study the signalling procedure to support UL-AoA. This technique estimates the UE location by measuring the AoAs of uplink signal at multiple RAN nodes, which is quite similar to the UTDOA who measures the RTOA of uplink signal for multiple RAN nodes. Thus, UTDOA signalling procedure can be used as a reference for study the UL-AoA.  

Proposal 4: The UL-AoA signalling procedure should be studied and the UTDOA signalling procedure can be used as a reference. 
The main challenge for uplink positioning is the uplink coverage of SRS as the power budget of UE is limited. An effective solution to address this problem is to apply LMU. In LTE, LMU is introduced for the purpose of receiving SRS. NR should also apply LMU-like element, e.g., NR-LMU, to address the uplink coverage issue at least for FR1. 
Proposal 5: NR can consider to support NR-LMU for uplink positioning, at least for FR1.

In LTE, LMU is located at eNB and share the same antennas with eNB. In NR, the gNB would have CU-DU architecture. Intuitively, the LMU can be deployed at the DUs and share the same antennas with DUs. However, it could also be considered to deploy a LMU at CU and set up a dedicated connection between LMU and DUs. In this way, the measurements collected at DUs are aggregated and processed in LMU located at CU. Thus, RAN3 should study the deployment location of LMU under CU-DU architecture. The corresponding signalling procedure should also be studied.

Proposal 6: The location of LMU under CU-DU architecture should further considered. The corresponding F1 signalling related impact to LMUs should also be consider. 
3 Conclusion
Based on the discussion in this paper, we propose:
Proposal 1: The UTDOA signalling procedure at FR 1 can be studied taking the procedure in LTE as a starting point.

Proposal 2: The UTDOA signalling procedure at FR2 should be also supported.

Proposal 3: The UTDOA signalling procedure under the NR RAN architecture should be supported.
Proposal 4: The UL-AoA signalling procedure should be studied and the UTDOA signalling procedure can be used as a reference.
Proposal 5: NR can consider to support NR-LMU for uplink positioning, at least for FR1. 
Proposal 6: The location of LMU under CU-DU architecture should further considered. The corresponding F1 signalling procedure related impact related to LMUs should also be consider. 

This document provides the TP for TR 38.855 to align with the proposals.
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5 Annex – TP
9.2
Procedure and protocol aspects

9.2.x Positioning methods and Supporting procedures
9.2.x.x Uplink positioning methods
The uplink positioning methods include UTDOA and UL-AoA.
In the uplink positioning method, the UE position is estimated based on uplink radio signals received at different NG-RAN nodes, or LMUs, along with knowledge of the geographical coordinates of NG-RAN nodes, or LMUs.
9.2.x.x.1 Transferred information

The information transferred among LMF, ng-eNB, gNB CU should be defined as rel-15 basis.
9.2.x.x.2 Positioning procedures for UTDOA
The procedures for UTDOA are can be the LTE  as starting point.
The location of LMU under CU-DU architecture should further considered then the procedures for UTDOA under CU-DU architecture will required further investigation.
9.2.x.x.2 Positioning procedures for UL-AoA
The procedures for UL-AoA can use the UTDOA procedures as a reference.
The procedures for UL-AoA under CU-DU architecture are will required further investigation..
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