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1. Introduction
A new WI of Indoor positioning enhancements for UTRA and LTE has been approved In RAN plenary #69 meeting. In RAN1, the options for OTDOA/E-CID enhancements will be sorted out, where the items without RAN1 impact will be prioritized. According to the WID these prioritized enhancements include at least the time domain separation method to solve same PCI problem (as classified in TR36.855), RSTD quantization error, and CRS usage together with PRS for RSTD measurements. 
In this paper, we discuss possible solutions for reducing RSTD quantization error.
2. Discussion
Both in TR36.855 clause 5.3.2.2 and TR37.857 clause 7.1.1.3, it is identified that current 1Ts reporting granularity of RSTD can be insufficient in some scenarios. Several simulation results (TR36.855 section 5.3.2) suggest that current UE receiver implementations can estimate the RSTD at a finer resolution than the current RSTD reporting resolution, at least including 0.5Ts.

Extract from TR36.855 clause 5.3.2.2:

Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.
The simulation assumption and results are informatively provided in annex. It could be observed that as the quantization error reduced, the positioning accuracy would be increased.
This solution will not have impact on the current physical design for positioning signal but only some signaling shall be introduced as the following:
· Specifics Impact and backward compatibility
RAN2: New signaling in LPP is needed to indicate UE capacities of and enable reduce quantization error and backward compatibility

· Modify OTDOA-ProvideCapabilities for reducing quantization error capacities exchange

· Add new enhancedRSTD field in OTDOA-SignalMeasurementInformation for RSTD report mapping

	enhancedRSTD
This field specifies the relative timing difference between this neighbour cell and the RSTD reference cell, as defined in [17]. Mapping of the measured quantity is defined as in [18] subclause 9.1.10.3a.


RAN4: New RSTD report mapping table needs to be defined in TS36.133 for 0.5 Ts reporting granularity.
· RAN4 modification (TS36.133):
Add new RSTD report mapping in new clause 9.1.10.3a. The design of new RSTD report mapping table should follow some rules.
· The quantization error of new RSTD report mapping table should always small than the legacy one

· The new measured quantity reporting value should cover the whole mapping range.

The legacy reporting range of RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts. 
Considering backward compatibility, it is recommended that the existing RSTD report mapping in Table 9.1.10.3-1 remains unchanged. Another new Table 9.1.10.3a-1 is proposed to reduce quantization error. The new measured quantity refers to a delta value which should be added to the lower bound of the existing RSTD measured quantity value to reduce the reporting quantization error. For example, when the measurement result of a UE which supports enhanced RSTD measurement is 0.7Ts, the UE should report RSTD_6356 together with Enhacned_RSTD_01. Thus the actual measured quantity value can be 0.5Ts<RSTD<1Ts rather than 0<RSTD<1Ts. According to the simulation results in Table 1 in annex it could be observed that the positioning accuracy at 80% would be improved by 6m.
3. Draft CR
9.1.10.3
RSTD Measurement Report Mapping
The reporting range of RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts.

The mapping of measured quantity is defined in Table 9.1.10.3-1.

Table 9.1.10.3-1: RSTD report mapping

	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


9.1.10.3a
Enhanced RSTD Measurement Report Mapping
The requirements for enhanced RSTD measurement report mapping in this clause apply for the UE who can support reducedQuantizationError in [31].
The reporting range of enhanced RSTD is defined from 0Ts to 4.5Ts with 0.5Ts resolution.
The mapping of measured quantity is defined in Table 9.1.10.3a-1.

Table 9.1.10.3a-1: Enhanced RSTD report mapping

	Reported Value
	Measured Quantity Value
	Unit

	Enhanced_RSTD_00
	0
	Ts

	Enhanced_RSTD_01
	0.5
	Ts

	Enhanced_RSTD_02
	1
	Ts

	Enhanced_RSTD_03
	1.5
	Ts

	Enhanced_RSTD_04
	2
	Ts

	Enhanced_RSTD_05
	2.5
	Ts

	Enhanced_RSTD_06
	3
	Ts

	Enhanced_RSTD_07
	3.5
	Ts

	Enhanced_RSTD_08
	4
	Ts

	Enhanced_RSTD_09
	4.5
	Ts


· Note 1: The measured quantity from Enhanced_RSTD_00 to Enhanced_RSTD_09 should be added to the lower bound of measured quantity in Table 9.1.10.3-1.
· Note 2: The Enhanced RSTD Reported Value in Table 9.1.10.3a-1 should be reported together with RSTD Reported Value in Table 9.1.10.3-1.
4. Conclusion

In this paper, we discuss possible solutions for reduce RSTD quantization error
Proposal: It is proposed to agree reduce RSTD quantization error solution in this paper for R-13 indoor positioning enhancement WI
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6. Annex: Simulation on reducing quantization error
This simulation shows quantization error effect on macro only scenario as table 1. 
It is suggested that reducing quantization error is beneficial for UE to achieve regulator mandate. (80% within 50 meter)
Note that perfect synchronization was assumed in the simulation. Considering the wireless propagation condition could be more complicated in real practice, the absolute positioning error can be worse than simulation results.
Table1: Quantization error effect on macro only scenario 
	Quantization Error
	40%
	50%
	70%
	80%
	90%

	1Ts
	22
	27
	40
	51
	72

	0.5Ts
	21
	25
	35
	45
	60

	0.25Ts
	20
	24
	32
	39
	57

	None
	19
	23
	30
	37
	53
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Figure 1: Macro only Scenario with different quantization error
OTDOA assumptions and parameters

The deployment scenarios and assumptions as shown in Tables as agreed in TR37.857
Table2: OTDOA assumptions

	Parameter 
	Value

	Cell Planning 
	PCI planning for macro cells

	Duplex Modes
	FDD

	Cyclic Prefix
	Normal

	DRX
	OFF

	Number of antenna ports
	PRS 1 (antenna port 6), CRS 2

	Number of receive antennas
	2

	Number of consecutive positioning sub-frames in one occasion
	1

	PRS periodicity
	160 ms.

	PRS and measurement bandwidth: 
	Full system bandwidth

	PRS Power Boosting
	10log6 dB 

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	RSTD report quantization
	Modelled as in 36.133 [8] section 9.1.10.3
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