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1 Introduction 
Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item[2] as the starting point [RAN1]

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

As summarized in Rel-13 SI [2], the accuracy of OTDOA-based positioning depends heavily on the quality and accuracy of the measured RSTDs that are conveyed from the UE to the E-SMLC. The possibility of finer quantization of reports from the UE is already discussed, and an agreement was reached in RAN1 #82bis, which resulted in LS [3] to RAN4 informing that from a RAN1 perspective, a refined RSTD quantization shall be supported.

This contribution discusses further enhancements on RSTD measurement reporting. 
2 Enhancements on RSTD reporting

In current 3GPP specifications, the reporting range of RSTD measurements is defined from -15391Ts to 15391Ts [2], equivalent to covering a wide range in distance. However, this range was intended for outdoor scenarios, while for indoor scenarios such wide range of RSTD measurement is not necessary. On the other hand, indoor scenarios demand much higher positioning accuracy. One limiting parameter which can be seen in Table 1 is the RSTD resolution. The highest RSTD resolution is 1Ts, equivalent to approximately 9.8 meters. We have already shown in a RAN4 contribution [4] that this resolution is inadequate for accurate indoor positioning. 
A finer RSTD quantization requires a new mapping of the measurements as will be further discussed in RAN4. The selection of an appropriate mapping can be dependent on the capability of the UE to support new mappings but also on the expected or estimated accuracy of the RSTD measurement. The agreed way forward in RAN4 [5] includes two options for refined RSTDs, with an additional delta increment to the existing report, or a scaling factor applied to the reported RSTD. The resolution is the same for both options, but the latter implies a reduction in the value range of the RSTDs.

Consequently, for OTDOA enhancement of indoor positioning, we consider the following aspects related to RSTD reporting: 

· New design of RSTD measurement reporting
· Adaptive RSTD reporting for OTDOA

Table 1: RSTD report mapping [6]
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-15391 > RSTD
	Ts

	RSTD_0001
	-15391 ( RSTD < -15386
	Ts

	…
	(
	…

	RSTD_2258
	-4106 ( RSTD < -4101
	Ts

	RSTD_2259
	-4101 ( RSTD < -4096
	Ts

	RSTD_2260
	-4096 ( RSTD < -4095
	Ts

	RSTD_2261
	-4095 ( RSTD < -4094
	Ts

	(
	(
	…

	RSTD_6353
	-3 ( RSTD ( -2
	Ts

	RSTD_6354
	-2 ( RSTD ( -1
	Ts

	RSTD_6355
	-1 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 1
	Ts

	RSTD_6357
	1 < RSTD ( 2
	Ts

	RSTD_6358
	2 < RSTD ( 3
	Ts

	…
	…
	…

	RSTD_10450
	4094 < RSTD ( 4095
	Ts

	RSTD_10451
	4095 < RSTD ( 4096
	Ts

	RSTD_10452
	4096 < RSTD ( 4101
	Ts

	RSTD_10453
	4101 < RSTD ( 4106
	Ts

	…
	…
	…

	RSTD_12709
	15381 < RSTD ( 15386
	Ts

	RSTD_12710
	15386 < RSTD ( 15391
	Ts

	RSTD_12711
	15391 < RSTD
	Ts


2.1 New design of RSTD measurement reporting

The RSTD measurements are quantized and reported to the E-SMLC through the LPP. For signalling purpose, current specification defines the above RSTD report mapping table (Table 1), which typically includes: 

(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 short-range scenarios, a new design of RSTD report mapping shall 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) For backward compatibility, it is preferable to keep the same table size as the legacy RSTD mapping table.

Proposal 1: A new design of RSTD report mapping that is dedicated for positioning in indoor or short-range scenarios shall be considered. This new RSTD mapping table should provide higher resolution in RSTD measurement and cover a smaller range of RSTD measurement values.  
Proposal 2: For the purpose of backward compatibility, it is preferable to preserve the table size of the new RSTD mapping table, i.e. the number of table entries as legacy. 

2.2 Adaptive RSTD measurement reporting

The discussed options in RAN4 are applied only based on the UE capability and the estimated RSTD accuracy. It is however possible that the reporting of finer RSTD measurements comes with a reduction in RSTD value range. However, the E-SMLC can be capable of estimating the expected approximate RSTD value for different neighbour and reference cell combinations given cell position information. The E-SMLC can therefore provide the UE with RSTD mapping selection information as part of the assistance data.

Observation 1: E-SMLC can support the UE to select an appropriate RSTD mapping for different combinations of reference and neighbour cells.

This possibility should be discussed and benefits assessed to see if RAN1 can recommend an introduction of RSTD mapping support as part of the assistance data for OTDOA.

Proposal 3: RAN1 shall analyse the possibility of providing RSTD mapping selection information as part of the assistance data for OTDOA.

In practice, the target UE is mobile and may experience different operating conditions from time to time, for example, walking from indoor to outdoor. So, to achieve appropriate positioning performance, the UE should be able to adaptively select the optimal RSTD mapping table according to the operating conditions such as

(a) indoor vs. outdoor environment;

(b) cell size of the network deployment, e.g., macro-cell vs small cell; 

(c) mobility speed of the UE, etc. 
and/or based on one or more OTDOA configuration parameters such as 

(a) PRS bandwidth or the true measurement bandwidth;
(b) the number of consecutive downlink subframes NPRS for PRS; 
(c) PRS periodicity, etc. 
Proposal 4: For proper positioning performance in different scenarios, the UE should be able to adapt the RSTD measurement report mapping by selecting one out of the pre-defined RSTD mapping tables based on (a combination of) operating conditions and/or OTDOA configuration parameters. 

3 Conclusions
In this contribution we have discussed potential enhancements related to measurement reporting for OTDOA, and have the following observation and proposals:
Observation 1: E-SMLC can support the UE to select an appropriate RSTD mapping for different combinations of reference and neighbour cells.
Proposal 1: A new design of RSTD report mapping that is dedicated for positioning in indoor or short-range scenarios shall be considered. This new RSTD mapping table should provide higher resolution in RSTD measurement and cover a smaller range of RSTD measurement values.  
Proposal 2: For the purpose of backward compatibility, it is preferable to preserve the table size of the new RSTD mapping table, i.e. the number of table entries as legacy. 

Proposal 3: RAN1 shall analyse the possibility of providing RSTD mapping selection information as part of the assistance data for OTDOA.

Proposal 4: For proper positioning performance in different scenarios, the UE should be able to adapt the RSTD measurement report mapping by selecting one out of the pre-defined RSTD mapping tables based on (a combination of) operating conditions and/or OTDOA configuration parameters. 
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