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Introduction
The SI phase has studied the positioning enhancement solutions in terms of accuracy and latency, such as the enhancement of angle based positioning, information reporting, and etc. In RAN#91e, the new WI on positioning enhancement was approved, which has the following objectives [1]:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
In this paper, the enhancement solutions are discussed.
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2.1 Enhancement for angle based methods
In Rel-16, the AoD information of multiple gNBs is determined at the LMF in DL-AoD positioning and the accuracy of the AoD information as well as the positioning result is limited. That is because the LMF calculates the AoD based on the beam information reported by gNBs and RSRP measurements reported by the UE and the quantized beam information does not support the high accuracy AoD calculations. 
In order to achieve high accuracy positioning, a better way is to let the gNB to calculate the AoD information based on its full knowledge of the DL configurations and the RSRP measurements from the UE. This can be realized by reusing the existing NRPPa message of measurement request sent from LMF to gNB to acquire AoD information from the gNBs. The procedure is illustrated in Figure 1:
LMF
NG-RAN
Measurement Request
(RSRP)
Measurement Response
(Angle)
UE
LPP procedure
UE position calc.

Figure 1, AoD calculation procedure
Proposal 1: Support AoD calculation at NG-RAN nodes in DL-AoD positioning for accuracy enhancement. 
Another way to improve the AoD calculation results at LMF is to let the gNB to provide the detailed beam information, such as DFT beam coefficient, beam response, etc. Since Rel-16 only supports the AoD calculation at LMF, this enhancement of providing additional beam information can improve the positioning results.
[bookmark: _GoBack]Proposal 2: Support NG-RAN to provide detailed beam information to LMF in DL-AoD positioning.
2.2 Positioning assistance data
Currently the LMF select neighbouring cells for positioning, for which the assistance data is sent to UE based on the serving cell information of the UE. That is to say, LMF knows the location of the TRPs apriori and select those TRPs that close to the serving TRP. From 29.572, according to the current spec, the AMF is above to provision the NCGI/ECGI of the PCell and PSCell of the UE. 
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However, the UE only includes the serving cell information when send the Request Assistance Data message to the LMF, who then selects the assistance data according to the serving cell and sends back to the UE.
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Since LMF does not have exact neighbouring information of the UE, it may send PRS information at as many TRPs as possible when send the assistance data to the UE. This can lead to the high signalling overhead and waste of resources. In order to enable the LMF to select the assistance data at appropriate neighbouring cells, it is proposed to let the UE to include neighbouring cell information when send the Request Assistance Data message to the LMF.  UE can include the SCell or PSCell identityin the message sent to LMF for requesting assistance data.
Proposal 3: Support UE to include cell information (e.g., SCell and PSCell information) when requesting assistance data from LMF.
2.3	NR E-CID enhancement
NR E-CID does not support RTT measurements for the serving cell in Rel-16. This makes NR E-CID similar to a DL-based positioning technique solely based on RSRP finger-printing. Therefore, NR E-CID in Rel-16 may have a worse accuracy than LTE E-CID. In order to increase the accuracy of NR E-CID, it is proposed to incorporate the RTT measurements based on the serving gNBs for NR E-CID.
Proposal 4: Incorporate RTT measurement for NR E-CID.
Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Proposal 1: Support AoD calculation at NG-RAN nodes in DL-AoD positioning for accuracy enhancement.
Proposal 2: Support NG-RAN to provide detailed beam information to LMF in DL-AoD positioning.
Proposal 3: Support UE to include cell information (e.g., SCell and PSCell information) when requesting assistance data from LMF.
Proposal 4: Incorporate RTT measurement for NR E-CID.
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