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1. Introduction
A new WI of further Indoor positioning enhancements for UTRA and LTE has been approved in RAN plenary #71 meeting. In RAN1, the options for OTDOA /E-CID enhancements will be sorted out with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [1].

A lot of simulations already suggest benefit under perfect timing synchronization of cells. In this paper, we further discuss the effect of cell timing synchronization on RSTD measurement and the benefit of reducing 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.
This solution will not have impact on the current physical design for positioning signal but only some signaling shall be introduced as the following:
A lot of simulations already suggest benefit under perfect timing synchronization of cells [4][5].

In this paper, we further discuss the effect of cell timing synchronization on RSTD measurement and the benefit of reducing quantization error.
2.1 Discussion on effect of cell timing synchronization error on RSTD 
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Figure 1. The RSTD of 4 cells over 42 minutes(16,000 samples)
We studied the effect of timing synchronization error of cell on RSTD receiving. A receiver was placed stationary at indoor environment and measuring reference signals from 4 indoor small cells. It records RSTD of 4 cells over 42 minutes with 16,000 samples, with small cell #0 as reference cell. The receiver used a nanosecond level RSTD quantization; therefore the quantization error can be neglected.  

As shown in the figure 1, over 42 minutes, the RSTD remain nearly constant with variation less than 11ns which is small than 1Ts (about 33ns).

Observation 1: cell timing synchronization error on RSTD measurement is relative small. 
However, current 1Ts level RSTD quantization will bring large error. 
Considering the RSTD measurement report granularity is 1Ts, 0.5Ts and 0.25Ts, the horizontal errors under imperfect cell synchronization are shown in figure 2 and table 1. It could observe that large error introduces due to currently 1Ts quantization error as shown in table 1.
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Figure 2a. 0.25Ts quantization positioning error Figure 2b. 0.5Ts quantization positioning error
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Figure 2c. 1Ts quantization positioning error

Table 1.  OTDOA horizontal positioning error with different RSTD quantization error under imperfect cell synchronization 
	Quantization error
	67%
	100%

	1 Ts
	5.3 m
	22 m

	0.5 Ts
	3.0 m
	13 m

	0.25 Ts
	2.2 m
	8.5 m


Observation 2: It is beneficial to introduce reducing quantization error RSTD report even under imperfect cell synchronization.
2.1 Discussion on 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.
· Try to maintain the size of new RSTD report mapping table no bigger than the legacy one for saving protocol overhead.
· The quantization error of new RSTD report mapping table should always small than the legacy one

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. 
In order to keep the rules for the new report mapping, it is recommended that the new reporting range of RSTD is defined from -4308Ts to 4308Ts with 0.5Ts resolution for absolute value of RSTD less or equal to 2048Ts and 1Ts for absolute value of RSTD greater than 2048Ts. In this way, the size of new RSTD report mapping remains unchanged, and quantization error is reduce to 0.5Ts.
The RSTD are unlikely beyond 4308Ts which corresponding to distance difference of 42218 meters. Even considering the synchronization error between cells, which is smaller than 100ns (3Ts) as defined in TR37.857, or 3us (100Ts) in TS36.133 test cases, it is still unlikely that RSTD beyond 4308Ts. Therefore the RSTD reporting range can be reduce from 15391Ts to 4308Ts.
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
RSTD Measurement Report Mapping
The reporting range of RSTD is defined from -4308Ts to 4308Ts with 0.5Ts resolution for absolute value of RSTD less or equal to 2048Ts and 1Ts for absolute value of RSTD greater than 2048Ts.

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

Table 9.1.10.3a-1: RSTD report mapping

	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-4308 > RSTD
	Ts

	RSTD_0001
	-4308 ( RSTD < -4307
	Ts

	…
	(
	…

	RSTD_2258
	-2050 ( RSTD < -2049
	Ts

	RSTD_2259
	-2049 ( RSTD < -2048
	Ts

	RSTD_2260
	-2048( RSTD < -2047.5
	Ts

	RSTD_2261
	-2047.5 ( RSTD < -2047
	Ts

	(
	(
	…

	RSTD_6353
	-1.5 ( RSTD ( -1
	Ts

	RSTD_6354
	-1 ( RSTD ( -0.5
	Ts

	RSTD_6355
	-0.5 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 0.5
	Ts

	RSTD_6357
	0.5 < RSTD ( 1
	Ts

	RSTD_6358
	1 < RSTD ( 1.5
	Ts

	…
	…
	…

	RSTD_10450
	2047 ( RSTD < 2047.5
	Ts

	RSTD_10451
	2047.5( RSTD < 2048
	Ts

	RSTD_10452
	2048 ( RSTD < 2049
	Ts

	RSTD_10453
	2049 ( RSTD < 2050
	Ts

	…
	…
	…

	RSTD_12710
	4307 ( RSTD < 4308
	Ts

	RSTD_12711
	4308 < RSTD
	Ts


4. Conclusion

In this paper, we discuss possible solutions for reduce RSTD quantization error
Observation 1: The effect of cell timing synchronization error on RSTD measurement is relative small. 
Observation 2: It is beneficial to introduce reducing quantization error RSTD report even under imperfect cell synchronization.
Proposal: It is proposed to agree reduce RSTD quantization error solution in this paper for R-14 further indoor positioning enhancement WI
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