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1 Introduction

In RAN#69, a new work item was approved for indoor positioning for Indoor Positioning enhancements for UTRA and LTE [1]. For RAN1#82bis, the objective is to “Finalize the list of OTDOA and E-CID enhancements” according to the WID. 
In this contribution, we discuss the enhancements to prioritize for improving OTDOA performance.
2 Prioritized Enhancements for OTDOA
2.1 Enhancements on RSTD reporting

The RSTD measurements are quantized and reported to the E-SMLC through the LPP. For signalling purpose, current specification defines a RSTD report mapping table. Currently this includes the following characteristics: 

(a) resolution (also called granularity) of the measurement, for instance, the 1 Ts and 5 Ts resolution currently in RSTD report mapping; 

(b) range of the measured value, for example, the -15391Ts to 15391Ts reporting range currently used in RSTD report mapping
For positioning in indoor or other short-range scenarios, a new design of RSTD report mapping table should be considered. The design of such RSTD mapping table should satisfy the following requirements:  

(a) The new mapping table shall be able to provide higher resolution in RSTD measurement, for example up to 0.5 or 0.25 Ts. 
(b) The new mapping table shall be designed to cover a smaller range of RSTD measurement values, equivalently a smaller range in distance. 

(c) In order not to increase the signalling overhead, it is preferable to keep the same table size as the legacy RSTD mapping table.

An exemplifying RSTD mapping table that is dedicated to indoor positioning is shown in Table 1. In the proposed RSTD mapping table, the RSTD resolution is 0.25Ts in the central region. When moving towards the table edges, the resolution gradually increases to from 0.25Ts to 0.5Ts and then 1Ts. In Table 1, the effective RSTD measurement range is [-2000, 2000]Ts. In general the effective measurement range can be [-r, r] Ts, r<15391. 
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-2000 > RSTD
	Ts

	RSTD_0001
	-2000 ( RSTD < -1999
	Ts

	…
	(
	…

	RSTD_m
	-1499 ( RSTD < -1499.5
	Ts

	RSTD_m+1
	-1498.5 ( RSTD < -1499
	Ts

	RSTD_m+2
	-1498 ( RSTD < -1498.5
	Ts

	(
	(
	…

	RSTD_6353
	-0.75 ( RSTD ( -0.5
	Ts

	RSTD_6354
	-0.5 ( RSTD ( -0.25
	Ts

	RSTD_6355
	-0.25 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 0.25
	Ts

	RSTD_6357
	0.25 < RSTD ( 0.5
	Ts

	RSTD_6358
	0.5 < RSTD ( 0.75
	Ts

	…
	…
	…

	RSTD_n
	1500.5 < RSTD ( 1501
	Ts

	RSTD_n+1
	1501 < RSTD ( 1501.5
	Ts

	RSTD_n+2
	1501.5 < RSTD ( 1502
	Ts

	…
	…
	…

	RSTD_12709
	1998 < RSTD ( 1999
	Ts

	RSTD_12710
	1999 < RSTD ( 2000
	Ts

	RSTD_12711
	2000 < RSTD
	Ts


Table 1. An example of proposed RSTD report mapping.
Practically speaking, the level of RSTD measurement accuracy a UE is able to achieve depends on the OTDOA configuration parameters. For example, the following parameters affect the RSTD measurement accuracy achievable as shown in tables of [2]: 

(a) PRS bandwidth or the true measurement bandwidth;
(b) the number of consecutive downlink subframes NPRS for PRS; 
(c) PRS periodicity, etc. 

Thus the UE could adaptively use the RSTD mapping table based on the OTDOA configuration parameters. The adaptation is in selecting which RSTD report mapping table to use: the legacy mapping table, or the new higher-resolution table (e.g., Table 1). The UE can be configured to use the legacy mapping table for reporting measurement to E-SMLC when the UE is under macro-cell coverage only. In contrast, the UE can be configured to use the new mapping table when the UE is under small cell coverage, where finer resolution is easier to achieve. The adaption is particularly useful for indoor positioning since higher positioning accuracy is required by regulatory body for indoor emergency calls.
Proposal 1: RSTD report is enhanced by adopting a RSTD mapping table of finer granularity.

Proposal 2. RSTD report mapping is adapted based on OTDOA configuration parameters. 

2.2 Enhancements for the same PCI case
Current PRS introduced in Rel. 9 was designed for macro stations to support mainly outdoor positioning. As one type of cell-wide reference signal, PRS is defined as a function of PCI. For indoor small-cell scenarios, various transmit points (TPs), such as low-power remote radio heads (RRHs), may be deployed to enhance the spectral efficiency. However, the TPs belonging to the same eNB share the same PCI and are not separable in terms of PRS transmission. Therefore, they cannot be individually used for indoor positioning based on OTDOA. 

For positioning purpose, it would be desirable to receive individual positioning signals from each TP separately, and to perform TOA estimation based on signals from selected TPs. By enabling the eNB to separate the PRS from each TP in time or frequency domain and by adding higher layer signalling that indicates the separation to the UE it is possible for UE to measure and report PRS from each TP separately. 

Multiple methods have been proposed to separate PRS from RRHs of the same PCI. According to our analysis, the following two methods should be prioritized [3]:

1. Time–domain separation
2. TP-specific PRS sequences
2.3 Time–domain separation
With this method, TP-specific PRS time offsets is introduced to separate PRS sent by different RRHs of the same PCI. The PRS sequence does not need to changed, thus it does not require physical layer specification change.  
The specification impact is at the higher layer, i.e., LPP and LPPa. That is, TP-specific time-related PRS parameters need to be signalled via LPP and LPPa. The eNodeB provides the TP-specific timing parameters to E-SMLC. Then the E-SMLC provides the timing parameters to the UE as a part of the assistance data.
2.4 TP-specific PRS sequences
The cell portion concept for E-CID method in LPPa can be used to generate different PRS sequences for different cell portions. If a cell portion corresponds to the coverage area of a transmit point, then TP-specific PRS sequences can be generated. 

However, in the current system the cell portion ID cannot be used for OTDOA because cell portions are not broadcasted over the air. Thus modification at physical layer specification is necessary if e.g. an ID associated with the cell portion is to be used by OTDOA. Since several different PRS sequences are generated for a single PCI, physical layer specification need to be modified to define new PRS sequence generator. 

For higher layer specification, the LPP protocol needs to be aligned with LPPa in using the cell portion concept. The LPP needs to be extended to signal PRS configuration associated with a cell portion.

Proposal 3: PRS of RRHs with same PCI are separated either (a) in time-domain or (b) in sequence domain via an ID associated with the cell portion. 
3 Conclusions
In this contribution we discussed enhancements to prioritize for OTDOA. We have the following proposals:

Proposal 1: RSTD report is enhanced by adopting a RSTD mapping table of finer granularity.

Proposal 2. RSTD report mapping is adapted based on OTDOA configuration parameters. 

Proposal 3: PRS of RRHs with same PCI are separated either (a) in time-domain or (b) in sequence domain via an ID associated with the cell portion. 
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