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Introduction
The following agreements were made on the SI for initial access and mobility for NR positioning support in RAN1#95[1]:
	Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)

Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques

Agreement:
The following candidate techniques are considered for study of DL and UL positioning:
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)

Agreement:
· Combination of DL, UL and DL + UL techniques can be used for NR positioning
· Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning

Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied
· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)

Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)




In this contribution, we will discuss the potential positioning technologies with the focus on NR RAT dependent positioning solutions with the combination of the DL and UL positioning measurements.

DL and UL positioning
There are multiple ways for the DL and UL positioning. They may be clarified into the following categories:
· Obtaining the final position based on the combination of the DL and UL measurements, e.g., E-CID;
· Obtaining the final position based on the combination of the DL and UL positioning solutions;
· Obtaining the final position based on the combination of DL/UL measurements and positioning solutions;
NR positioning based on DL/UL measurements
E-CID positioning refers to techniques which use the measurements from the UE and the network to estimate the UE location. Taking LTE E-CID positioning as an example, the measurements from the UE include RSRP/RSRQ/UE Rx – Tx time difference, etc. The measurements from the network include eNB Rx – Tx time difference, Timing Advances, and AOA. Corresponding protocols, procedures, and messages are defined for supporting obtaining these measurements and transferring these measurements to the location server, where various existing algorithms can be used to estimate the location of the UE based on these measurements. 
Similar with LTE E-CID, NR positioning should support using the combination of the DL/UL measurements to estimate UE’s location. However, NR positioning based on DL/UL measurements, it should not be limited to those kinds of measurements defined for LTE E-CID, but all DL/UL measurements that will be defined to support DL  positioning or UL positioning, and which of them are used for NR positioning will be up to the implementation. Since all DL/UL measurements can be used for supporting NR positioning, and the selection on which measurements are used for positioning can be up to the implementation, it seems there is no need to separately define the E-CID positioning method in NR positioning. The location server may be placed in UE or in the network.
For supporting NR positioning based on DL/UL measurements, the measurements from the UE side should include all to-be-defined positioning measurements measured by the UE, which may include
· TOA/TDOA (e.g., RSTD)
· AOA/AOD
· Carrier phase
· RSRP
· UE Rx – Tx time difference

For supporting NR positioning based on DL/UL measurements, the measurements from the gNB (or LMU) side should include all to-be-defined positioning measurements measured by the gNB (or LMU), which may include
· TOA/TDOA (e.g., UL RTOA)
· AOA/AOD
· Carrier phase
· RSRP
· gNB Rx – Tx time difference
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Figure 1  NR positioning based on DL/UL measurements


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.
The measurements from the UE may include:
· TOA/TDOA (e.g., RSTD)
· AOA/AOD
· Carrier phase
· RSRP
· UE Rx – Tx time difference

The measurements from the gNB (or LMU) may include:
· TOA/TDOA (e.g., UL RTOA)
· AOA/AOD
· Carrier phase
· RSRP
· gNB Rx – Tx time difference

NR positioning based on DL and UL positioning solutions
NR positioning should support using the combination of the DL and UL positions obtained from UE and the network side. NR may implement different positioning techniques that process the DL and UL measurements separately to obtain UE positions. One benefit of using different positioning techniques to first get the separate positions and then combining them together is the implementation simplicity in terms of the processing algorithms, the reduction of the traffic load for message exchanges etc, as well as the redundancy and integrity management. In addition, it may also be easier for the combination with RAT-independent solutions for the final solution.
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Figure 2  NR positioning based on DL/UL measurements

Proposal 2: NR positioning should support the techniques to obtain the final UE location based on the combination of the DL/UL positioning solutions.

NR positioning based on mixing DL and UL positioning measurements and solutions
It may not be typical to obtain the final position based on the combination of the position solutions with the positioning measurements. However, once NR support positioning based on DL and UL positioning measurements and support positioning based on DL and UL positioning solutions, it does not prevent one to obtain the final position solution based on mixing DL and UL positioning measurements and solutions. But, there is no need to specifically define the support for such special cases.
 Multiple RTT for DL and UL positioning
In LTE, the round trip time (RTT) which is determined based on UE Rx – Tx time difference and BS Rx – Tx time difference is used primarily for supporting E-CID. When the RTT from a UE to a cell is available, the distance from the UE to the cell can be determined. For the LTE system, the UE currently only reports the UE Rx – Tx time difference measurements from the primary cell [6]. Thus, the precise location of the UE may not be known other than that the UE is located in a circle around the cell. For a CA working on Carrier Aggregation (CA) mode, the UE may receive and transmit radio signals with multiple cells simultaneously. In addition, the UE may also be configured with multiple timing groups in order to keep time and frequency synchronization with two or more serving cells and thereby has the potential feasibility to provide the UE Rx – Tx time difference measurements from multiple serving cells. In other word, it is possible to derive the distances from the UE to the serving cells from UE Rx-Tx time differences for the serving cells. 
Unlike OTDOA and UTDOA, using RTTs from multiple cells for positioning does not require synchronization among these cells. 
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Figure 3  NR positioning with multiple RTT measurements

Proposal 3: NR should support the use of multiple round trip times for positioning, in which the UE measures and reports the UE Rx – Tx time difference measurements from all serving cells (PCell and SCells) and all serving cells (PCell and SCells) measure and report the gNB Rx – Tx time differences for the UE.
Conclusion
In this contribution, we discussed the potential solutions of positioning technologies with the focus on NR-based RAT dependent positioning solutions. The following proposals are made after the discussion (Note: Detailed discussion of Proposals 1 - 10 are presented in the companion paper [6]):

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.
[bookmark: _GoBack]The measurements from the UE may include:
· TOA/TDOA (e.g., RSTD)
· AOA/AOD
· Carrier phase
· RSRP
· UE Rx – Tx time difference

The measurements from the gNB may include:
· TOA/TDOA (e.g., UL RTOA)
· AOA/AOD
· Carrier phase
· RSRP
· gNB Rx – Tx time difference

Proposal 2: NR positioning should support the techniques to obtain the final UE location based on the combination of the DL/UL positioning solutions.
Proposal 3: NR should support the use of multiple round trip times for positioning, in which the UE measures and reports the UE Rx – Tx time difference measurements from all serving cells (PCell and SCells) and all serving cells (PCell and SCells) measure and report the gNB Rx – Tx time differences for the UE.
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