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Introduction
[bookmark: _GoBack] In this contribution, we discuss methodologies related to DL & UL based positioning. In this contribution, measurements, use of PRS and beam alignment are proposed. In addition, we propose techniques for positioning for IDLE or INACTIVE UEs and multiple TRPs. Finally, we describe 1/2-step positioning for SSB and CSI-RS. The agreements made in RAN1 AH are summarized in Appendix.
Enhanced cell ID based positioning

Measurements
 Enhanced cell ID approach in LTE requires distance and angle information for positioning. The method considers various measurements such as round trip time, pathloss measurement to estimate the distance of UE or angle of arrival estimated at UE for positioning. Although the existing LTE based approach can be used, NR SSB or NR CSI-RS which offers flexible configuration can also be used for positioning. 
 Furthermore, enhanced cell ID approach is one-on-one basis positioning method in which it can be applied to gNBs or TRPs which are not synchronized with each other. Thus, it has potentials for a wide variety of applications.
At higher frequency, beam based positioning is envisioned. Using transmission beams after beam management can provide accurate estimate on the angle of the location of the UE. Thus, CSI-RS may be useful for positioning in FR2. In addition, based on beam sweeping or management, AoD can be used to estimate the angle at which UE is located. In beam management, multiple directions for beams are considered and the selected beam by UE can be used to estimate the angle of departing beam based on a reference from which the AoD is calculated. Moreover, AoD based estimation allows offloading of computations from UE to gNB. Computation of AoD should be up to gNB implementation.

[bookmark: Obs1]Observation 1: AoD can be used to estimate the angle of UE

Enhanced cell ID can be extended to multiple TRP case. Using multiple TRPs, a collection of angle information can be collected and averaged by at gNB. Similar to OTDOA method, the multi-TRP based enhanced cell ID method requires coordination between TRPs.
 In addition, whether beam alignment can be used for positioning is an interesting venue for investigation. In beam alignment , both gNB and UE conduct beam sweeping to find the pair of gNB and UE beam from which maximum SINR can be obtained. Using beam alignment is similar to using both AoD at gNB and AoA at UE for positioning, possibly increasing positioning accuracy.

[bookmark: Obs2]Observation 2: Beam alignment may bring performance gain in positioning

 Similar to PRS, slots dedicated for CSI-RS at FR2 may be necessary. However, if angle based measurement is to be performed, multiplexing data and CSI-RS can also be allowed, since transmission beams for CSI-RS will be narrower and directive, and inter-UE interference can be avoided.  Furthermore, explicit configuration for CSI-RS to indicate the RS is used for measuring may be necessary since UE may receive multiple CSI-RS from different panels or TRPs. In addition, as being discussed in the OTDOA method, denser PRS should be adopted for positioning.
　In LTE, timing advanced based approach was used to estimate distance between base station and UE. One way to implement expedient positioning is to use PDCCH order and corresponding PRACH. Once UE receives the PDCCH order, UE sends back PRACH which BS can use to compute TA.

[bookmark: Prop1]Proposal 1: Adopt PRS for DL & UL positioning

Positioning for INACTIVE or IDLE UEs
 In addition, positioning for INACTIVE or IDLE UEs should be considered. Such specification will be useful for devices which need to conserve energies. 
Also described in [2] for general DL and UL positioning techniques, broadcast information based positioning process for IDLE or INACTIVE devices is considered here. Periodical monitoring of SIB by IDLE or INACTIVE UEs can be used as opportunities to initiate positioning. For example, the positioning request can be included in SIB in PDSCH from which UE initiates the positioning procedure. In addition, paging information monitored by UE can also contain a trigger for positioning procedure. PRACH sent by UE can be dedicated for positioning as well. For example, since random access procedure is not necessary for positioning, RAR from gNB may not be needed.
Based on the above, the following proposals are made.

[bookmark: Prop2]Proposal 2: Positioning for INACTIVE or IDLE UEs should be considered

[bookmark: Prop3]Proposal 3: Positioning request in SIB and/or paging information should be supported for IDLE or INACTIVE UEs. FFS details of the request

Use of multiple TRPs
 Multiple TRPs have been considered in MIMO. Unlike OTDOA based methods, ECID do not require coordination between TRPs since measurement collection can be done between TRP and UE, positioning can be done with collected data from TRPs. For example, AoD or distance information can be gathered at TRPs and positioning server can estimate the position of the UE based on gathered information. To support the use of multiple TRPs, minimum specification impact is expected since multiple distance and AoD information can be collected at the server. 

[bookmark: Prop5]Proposal 4: Support use of multiple TRPs for DL and UL based approach

Conclusion 
In this contribution we make the following proposals: 

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
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Appendix : Summary of agreements made in AH#1 Jan. 2019

	R1-1901343	Summary on NR Positioning AI – 7.2.10.1.3 DL&UL based Positioning	Intel Corporation

Agreement:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
0. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
1. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2

Agreement:
The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
UE RX-TX time difference measurements

Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states
Note: This involves RAN2 aspects





