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1. Introduction

In RAN plenary #68 meeting, it is decided that the RAN1 shall include proper references to the previous and related study in TR36.855 at the next RAN1 meeting.
It is further noted during the RAN1 #81 meeting, several problematic sections of TP R1-153647 were agreed only as a baseline for further discussion and update.

This paper provides proper reference to the previous and related study in TR36.855 according to the RAN plenary #68 decision, and further updates several sections of baseline text from the RAN1 #81 meeting.
2. Discussion on proper references for TR36.855 into TR 37.857
TR 36.855 captures the findings of SI “Positioning enhancement for E-UTRAN” which was completed at RAN #66. Both indoor and outdoor scenarios were studied and evaluated, such as:
· BW related RSTD measurement enhancement
· BW related UE Rx-Tx measurement enhancement
· Granularity of RSTD reporting
Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.
· OTDOA/ECID enhancement with identical cell ID RRHs

Different solutions for OTDOA enhancements in scenarios with RRHs are summarized and compared in TR36.855.
· Feasibility study on enhancement for UE Rx-Tx measurement over multiple serving cells
For granularity of RSTD reporting, simulation results showed that different quantization show that increasing reporting granularity to 0.5Ts is beneficial in TR36.855 section 5.3. For the same PCI case, Different solutions for OTDOA enhancements in scenarios with RRHs are summarized and compared.
The TR 37.857 has additional findings of indoor positioning specifically. However some of the topics in TR37.857 correspond to the ones captured in TR36.855 with less detail and little if any new content. For example,
· PRS transmission enhancements for the same PCI case  
7.1.1.1.5 PRS transmission enhancements for the same PCI case
7.1.1.1.7 Enhanced PRS supporting TPs of the same PCI
· Reduce RSTD quantization error 
7.1.1.2.2 Reduction of RSTD quantization error

7.1.1.3.1 Enhanced RSTD quantization and additional signalling support
RAN has directed RAN1 to include proper reference to the previous work in 36.855, which is particularly needed for the two topics above as the solutions and conclusions of these two topics are reused from TR36.855. Proper reference will also help the maintainability of the two TR, for example avoiding the problem if TR36.855 is changed in the future, TR37.857 will incorrectly remain unchanged. 
Therefore, in the document, we propose necessary changes for adding proper reference as the following:
· In the reference section, add a reference of TR36.855
· In section 4, add the brief introduction of TR36.855
· In section 7.1.1, add a reference of TR36.855 and necessary notes for corresponding technologies
· In section 7.1.1.1.5, add a reference and the corresponding changes for PRS transmit diversity. The overlap contents  for transmit diversity are deleted as well
· In section 7.1.1.3.1 add a reference and delete 0.25 Ts based on the study in TR36.855
3. Text Proposal 

<Unchanged sections omitted>
<Start of changed section>
1
Scope

The present document captures the findings of the study item "Study on Indoor Positioning Enhancements for UTRA and LTE" [1]. The purpose of the present document is to help TSG RAN WG1 and WG4 to properly model and evaluate the performance of new and existing indoor positioning techniques using 3D indoor channel models.
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3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2]
Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2]. 
A-GNSS
Assisted-Global Navigation Satellite System
CDF
Cumulative Distribution Function 

CRS
Cell-specific Reference Signal 

D2D
Device-to-Device

E-CID
Enhanced Cell Identification

FDD
Frequency Division Duplex
LCS

LoCation Services

OTDOA
Observed Time Difference of Arrival

PCI
Physical Cell Identity

PDSCH
Physical Downlink Shared Channel

PRS
Positioning Reference Signals
RFPM
Radio Frequency Pattern Matching
RSTD
Reference Signal Time Difference

SCE
Small Cell Enhancements
SRS
Sounding Reference Signal
UTDOA
Uplink Time Difference of Arrival

TBS
Terrestrial Beacon System

UL-RTOA
Uplink Relative Time of Arrival

4
 General description of indoor positioning for UTRA and LTE
Positioning mechanisms were specified in 3GPP as a key feature for UTRA and EUTRA networks since Release-99 and Release-9, respectively; e.g., A-GNSS, OTDOA, E-CID, UTDOA. On-going enhancements to the US FCC Enhanced 911 capability are focusing on in-building positioning. It is therefore beneficial for the 3GPP ecosystem to explore this area, studying the performance of the existing methods, potential enhancements, and potential introduction of new capabilities in 3GPP to support indoor positioning within E-UTRA and UTRA.

A general description of location services and service requirements are given in TS 22.071 [3]
The positioning enhancement for E-UTRA both for indoor and outdoor are given in TR 36.855 [35]. Since it also can be applied to the indoor environment, the present document extracts useful conclusions from TR36.855, or further extends some of the contents and conclusions of TR36.855.
<Unchanged sections omitted>
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7
Studied positioning technology enhancements

7.1
RAT-dependent positioning technologies


7.1.1
OTDOA enhancements
Various solutions for OTDOA indoor positioning enhancements are summarized below (but not limited to):

· Enhanced Positioning reference signals (PRS)

· More dense PRS in time domain

· New PRS, e.g. new PRS pattern, legacy PRS with CRS, DRS and etc.

· PRS transmission enhancements for the same PCI case [1]
· PRS or PRS-like transmission in un-license band
· PRS Tx diversity [1]
· Enhanced RSTD measurements

·  Reduce RSTD quantization error[1] 

· Measurement performance enhancements under Wide-band PRS[1] 

 [1] Notes: The feasibility of solution is given in TR 36.855 [35]. Since it also can be applied to the indoor environment, the present document extracts useful conclusions from TR36.855, or further extends some of the contents and conclusions of TR36.855. 
<Unchanged sections omitted>
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7.1.1.1.8
Enhanced PRS using Tx antenna diversity 

In the systems where multiple antennas are equipped at transmission and/or receiver side, antenna diversity techniques are often used to reduce multipath interference and improve radio link reliability. For PRS transmission, antenna diversity, in particular Tx antenna diversity is helpful for improving positioning performance.

In current specification, PRS is transmitted from a single antenna port, port 6. To improve the existing scheme, Tx antenna diversity can be achieved by antenna switching, where PRS is transmitted alternatively from different Tx antenna at each positioning occasion. 
The feasibility on downlink Tx diversity for PRS is given in TR 36.855 [35] section 6. Since PRS Tx diversity can also be applied to the indoor environment,  the present documents extracts useful conclusions from TR36.855.

For simulation evaluation, the RSTD measurement performance without Tx diversity shall also be provided as benchmark. Thus the scenarios for simulation are summarized in the TR36.855 section 6.2 as,
· Candidate1: Antenna switching scheme

· Candidate2: Transmit diversity 1

· Candidate3: Transmit diversity 2

· Candidate4: Random antenna switching
Benchmark: R9 single antenna transmit scheme
Based on the simulation results of TR36.855 section 6.3.3, the conclusion of PRS Tx diversity can be found in TR 36.855 section 6.3.3.2.



<Unchanged sections omitted>
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7.1.1.3
Enhanced RSTD Reporting

The following enhancements should be studied.

7.1.1.3.1
Enhanced RSTD quantization and additional signalling support
The RSTD report mapping has a range between -15391 Ts to 15391 Ts, where the resolution is 1Ts within ± 4096 Ts, and 5 Ts otherwise.  This level of quantization accuracy can be insufficient in some scenarios. The simulation results from TR36.855 section 5.3 suggest that the quantization accuracy can be less than 0.5Ts in some scenarios. Therefore, it is benefits of finer RSTD reporting resolution, at least including 0.5Ts.
Furthermore, if reference and neighbouring cells are small cells and the corresponding RSTD measurements have much lower absolute values, then a large part in the range of the quantization map [2, Section 9.1.10.3] cannot be utilized.  In this case, the quantization resolution can be improved by re-defining range of the quantization map.

In certain situations, the location server can assess if there is a potential gain in refining RSTD measurement reports. For example, such assessment can be based on the level of network synchronization between carrier frequency layers. The location server can provide additional information in signalling protocol to the target UE if a finer RSTD measurements report can be useful. Similarly, an advanced UE can also assess if there is a potential gain in refining RSTD measurement reports. Such an assessment can be based on a TOA estimation method employed at the UE.  Moreover, the UE can also make a choice for a certain range of RSTD reporting map (including possibly a different resolution) based on the absolute values of the RSTD measurements and the sampling rate at the UE. Therefore, it is beneficial to allow the UE to select an appropriate RSTD report map based on either an indication from the location server and/or a self-assessment within the UE. Hence, additional signalling in the protocol to indicate which RSTD report mapping is to be used between the E-SLMC and the UE, should be introduced.
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