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1 Introduction

The core part of the WI “Further Indoor Positioning enhancements for UTRA and LTE” has been completed. According to the WI objectives, five features were agreed by RAN1 for RSTD measurement enhancements:

1.  OTDOA support in shared physical cell-id (PCI) scenario.

2.  PRS-based Terrestrial Beacon System (TBS).

3.  Higher resolution RSTD measurement reporting.

4.  PRS usage together with CRS.

5.  Multipath RSTD.

Physical layer design and corresponding procedures/signaling has been completed in RAN1, RAN2, and RAN3. 
The objectives for the core part of this work item include also the specification of core requirements: 

“Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]”

In this contribution, we show that no additional core requirements [RAN4] for the above listed positioning enhancements are needed, and therefore, the core part of this work item can be closed. 

2 Discussion
· RSTD measurement of transmission points 
OTDOA enhancements in shared physical cell identity (PCI) scenario:  

A Release 13 UE cannot distinguish PRS (positioning reference signal) transmitted by transmission points (e.g., remote radio heads, a remote antenna of a base station) that share the same physical cell identity.

The RAN1 agreed solutions for this problem enable a UE to identify the PRS also transmitted by transmission points which share the same physical cell identity, thus the positioning accuracy can be improved. These solutions are based on network configuration optimizations (i.e., PRS generation based on a PRS-ID (instead of PCI) and muting pattern selection) and do not affect the UE RSTD measurement procedure.
PRS based Beacon: This feature introduces a new type of transmission point that only transmits PRS (PRS based Terrestrial Beacon System (TBS)). This feature enables a UE to identify additional PRS transmitted by PRS based beacon, thus the positioning accuracy can be improved.
These two features allow transmission points transmitting PRS. UE RSTD measurement behavior will not change. Therefore, no new core requirement is need for RSTD measurement of transmission points. There are concerns that RSTD measurement period may be extended in certain corner case network deployment scenario. However, core requirements should be defined for general network deployment cases, not for every corner cases. Therefore, no new core requirement is need for RSTD measurement of transmission points. This issue has been discussed for the past 3 meetings and that any maintenance of this WI may be considered as necessary upon closure of the WI.
Observation 1: No new core requirement is needed for RSTD measurement of transmission points.
· Higher resolution RSTD measurement reporting
In Rel-13, the UE RSTD measurement is reported with a resolution of 1 Ts for absolute value of RSTD less than 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts. (Ts = 1/(15000 × 2048) seconds, which is a little more than 32 ns, which corresponds to about 9.8 meters). In Rel-14, the resolution can be reduced to 0.5 Ts for absolute value of RSTD less than 4096Ts and 1Ts for absolute value of RSTD greater than 4096Ts. The UE reported RSTD measurement consists of the legacy RSTD report (with 1 or 5 Ts resolution), plus an optional delta-RSTD (with 0.5 or 1 Ts resolution). The reporting of the delta RSTD is a “best-effort” practice by the UE which may or may not be taken into account by the E-SMLC for position calculation. The Rel-9 requirements for RSTD are also applicable for this feature and the UE RSTD measurements must meet the specified requirements. Therefore, no new core requirement is need for the higher resolution RSTD measurement reporting.
Observation 2: No new core requirement is needed for the higher resolution RSTD measurement reporting.
· PRS plus CRS RSTD measurement 
This feature enables a UE to combine PRS and CRS (cell specific reference signal) together for RSTD measurement. Thus, the positioning accuracy can be improved.
Simulation results in SI TR37.857 already show overall positioning performance will be enhanced. Also in Release 9, RSTD measurement doesn’t prohibit UE to use PRS plus CRS (indeed, the RSTD measurement definition in 36.214 does not specify the physical signal for measurements). The new feature only makes the PRS plus CRS measurement easier by providing more assistance information to UE. The RSTD measurements have to meet the specified requirements, independent on whether the UE uses e.g. PRS only or PRS plus CRS. 
Observation 3: No new core requirement is needed for PRS plus CRS RSTD measurement.
· Multipath ToA reporting
A Release 13 UE reports a single RSTD measurement value (reference signal time of arrival difference) of every PRS to the E-SMLC (positioning server) for OTDOA positioning calculation. However, the RSTD measurement will be impaired by multipath fading channel. Multipath time of arrival may occur and it is difficult for UE to decide which path is the first path that can reflect the distance between UE and transmission point.

This feature enables the UE to report time of arrival information of multiple paths. The E-SMLC can use this information to compensate the measurement error caused by multipath fading channel. Thus, the positioning accuracy can be improved.

UE reports RSTD of the reference peaks of cells (Rel-9 RSTD measurement) and new “best effort” multipath ToA. It is actually soft decision RSTD results (report multiple possible results) comparing to Rel-9 hard decision RSTD result (report one most possible result). How to use the multipath ToA information is based on E-SMCL implementation. Since the intention for multipath ToA is to let E-SMLC make the decision which one is the first path, rather than let UE to decide which is the first path (Rel-9 UE behavior), it is unreasonable to make UE requirements on Multipath ToA. E.g., the possibility of detecting additional paths depends not only on the UE implementation specific signal processing capabilities, but also on the physical radio channel, signal bandwidth, etc. Conditions under which a UE must detect additional paths cannot be defined (therefor, “best-effort” as concluded in RAN1). 
Accuracy requirements apply only to “RSTD of reference peaks of cells (Rel-9 RSTD measurement)”. UE could report multipath ToA along with RSTD of reference peaks of cells within current Rel-13 RSTD measurement period. 

Observation 4: No new core requirement is needed for Multipath ToA reporting.
The core requirements for the RAT-independent positioning enhancements were agreed in RAN4#81 meeting [6][7].
3 Conclusions and Proposals
This paper discussed the core requirements for further indoor positioning enhancements for UTRA and LTE. 

Proposal: No new core requirements are needed for RAT dependent positioning enhancements, and therefore, the core part of the work item can be closed.
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