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Introduction
At RAN#83 meeting, a work item for NR positioning was approved [1], in which an issue to define UE and gNB measurements to support NR positioning was included on RAN1 scope. The to-be-specified UE measurements that based on DL positioning reference signals include:
	Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning


In RAN1#97 meeting [2], the definition of the RSTD was discussed, and the following options were agreed for further discussion or down-selection:
	Agreement:
Select one (or more) of the following options for the definition of the RSTD
Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs 
Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs


In this contribution, we present our view on the definition of the RSTD measurement. 

UE RSTD measurement 
In LTE, the RSTD is defined as the relative time difference between two cells. To be specific, it is computed as the smallest time difference between two subframe boundaries received from the reference cell i and a neighbouring cell j. On the basis of the RSTD definition in LTE, it is straightforward to consider the RSTD as a measurement related to TPs/cells in NR, which is what option 1 defines. 
In NR, however, the TP is able to perform beam sweeping for the PRS transmission, by defining the RSTD with respect to the PRS resources, the angular information can be exploited to further improve the positioning accuracy. Considering a case where a UE receives multiple beams transmitted from multiple TPs, which is illustrated in Figure 1. With merely the RSTD obtained from TPs’ subframe timing, the uncertainty area of the UE’s location, that caused by measurement errors, are given by the blue diamond area. By contrast, when using the RSTD associated with the PRS resources, the UE can select the ToA obtained from the “best” beam (either the beam has the first arriving path among all beams, or the beam has the strongest power for the first arriving path when all beams share the same delay profile) to calculate the RSTD, and report it with the PRS resources indices. The location server then obtains additional AoD information of the RSTD measurement, with which the uncertainty area of the UE’s location may further reduce to the yellow triangular area.


Figure 1. Illustration of OTDOA with angular information.
Furthermore, considering a non-line-of-sight case in FR2 as shown in Figure 2, associating the RSTD with the PRS resources provides more benefits. In this case, the line-of-sight channel between TP2 and the UE is blocked, and the received beam from TP2 is reflected by a reflector. The angular information can be used to detect the non-line-of-sight channel, and advanced iterative algorithms can be applied to update the UE location (from the red original incorrect position to the green correct position) to further improve the positioning accuracy. 


Figure 2. Illustration of angular information to detect NLOS and improve OTDOA accuracy.
Observation 1: Additional angular information (e.g., angle of departure) can be obtained by defining the RSTD with respect to the PRS resources, with which the positioning accuracy is improved.
On the other hand, defining the RSTD with respect to the PRS resources is beneficial to the indoor positioning. In case of scenarios such as the indoor parking lot, where the user data traffic is low while the positioning requirement is stringent, it is not necessary for the operator to deploy the TPs (a normal indoor base station with antenna array and can be identified by the UEs) densely. Even in typical indoor office scenarios, the evaluation assumption of a 20m ISD cannot be fulfilled. In such cases, the major solution for the indoor coverage is to deploy the distributed antenna system (DAS). The most widely adopted indoor DAS system is illustrated in Figure 3. Unlike normal TPs, all distributed antennas (that connected to the same base station) are identical to the UEs, therefore cannot be used for positioning. 


Figure 3. Illustration of the indoor DAS system.
[bookmark: _GoBack]In such cases, associating RSTD with PRS resources can help facilitate the indoor positioning. To be specific, for indoor scenarios with stringent positioning requirements, the current DAS system can be enhanced, as shown in Figure 4. Some dedicated distributed antennas to transmit PRS can be deployed with optimized locations to provide line-of-sight cases for positioning. By allocating different PRS resources to different distributed antennas, the UEs are able to distinguish the PRSs transmitted by different antennas, and the corresponding RSTD can then be reported to the location server to resolve the location.


Figure 4. Enhancements of the DAS system to support indoor positioning.
Based on the analysis above, the following proposal is made:
Proposal 1: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs.

Conclusions
In this contribution, we discuss the definition of the RSTD measurement, and make the following observation / proposal:
Observation 1: Additional angular information (angle of direction) can be obtained by defining the RSTD with respect to the PRS resources, with which the positioning accuracy is improved.
Proposal 1: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs.

References
[1] [bookmark: _Ref471775016][bookmark: _Ref1121198][bookmark: _Ref4428974]R1-190752, “New WID: NR Positioning Support”, Intel Corporation, Ericsson, RAN#83, Shenzhen, China.
[2] [bookmark: _Ref7081959]Draft Report of 3GPP TSG RAN WG1 #97 v0.3.0, Reno, USA



2/4
image1.emf
TP1

TP2

TP3

(t2-t1)*c

(t3-t2)*c


Microsoft_Visio_Drawing.vsdx






TP1
TP2
TP3
(t2-t1)*c
(t3-t2)*c



image2.emf
TP1

TP2

TP3

Reflector

Blockage


Microsoft_Visio_Drawing1.vsdx

TP1
TP2
TP3


Reflector
Blockage



image3.emf
Base station

Power 

divider

Distributed antenna

Distributed antenna

Distributed antenna

Power 

divider


Microsoft_Visio_Drawing2.vsdx
Base station
Power divider
Distributed antenna
Distributed antenna
Distributed antenna
Power divider



image4.emf
Base station

Power 

divider

Distributed antenna 

Distributed antenna 

Distributed antenna 

Power 

divider

Dedicated distributed antenna 

(allocated with PRS resource 2) 

Dedicated distributed antenna 

(allocated with PRS resource 3) 

Dedicated distributed antenna 

(allocated with PRS resource 1) 


Microsoft_Visio_Drawing3.vsdx
Base station
Power divider
Distributed antenna
Distributed antenna
Distributed antenna
Power divider
Dedicated distributed antenna 
(allocated with PRS resource 2)
Dedicated distributed antenna 
(allocated with PRS resource 3)
Dedicated distributed antenna 
(allocated with PRS resource 1)



