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1 Introduction

The RSTD quantization was discussed in RAN4 #76bis, with the two solution candidates left for further study [1]:
· Option 1: The RSTD quantization based on two mapping tables, one for existing resolution (1Ts or 5Ts) and another for further finer resolution (0.5Ts or 0.25Ts) within the existing resolution.

· Option 2: The RSTD quantization based on scaling. No new mapping table is needed. 

This contribution shows our views on the related design. 
2 RSTD quantization based on scaling 

The RSTD quantization with scaling is proposed in [2] and further analyzed in [3]. 
The first advantage to adopt the RSTD quantization with scaling is that it provides a quantization mechanism supporting scalable quantization resolutions. Such scalability lies into two aspects: 

· Firstly, the effective RSTD quantization resolution is uniquely determined by a scaling factor that can be selected from multiple candidates according to the positioning accuracy requirement. So if certain new positioning accuracy requirement is raised in future regulatory and needs smaller quantization resolution, only the introduction of new scaling factor is necessary. Given the complexity in the introduction of higher scaling factor is quite small, the specification can support several larger scaling factors so that the potentially new accuracy requirement in future can also be met by Rel-13 UE. 
· Secondly, because the proposed quantization with scaling is performed upon the existing RSTD quantization mapping table, the scaling factor has an upper-bound or the quantization resolution has a lower-bound for a given distance between reference cell and neighbouring cell. This lower-bound of quantization resolution can be smaller if the reference-neighbouring cell distance gets smaller. To be more specific, denote the reference-neighbouring cell distance as 
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 to obtain the effective quantization resolution equal to 
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, where c is the light speed. Therefore the upper-bound on scaling factor k gives the lower-bound on effective quantization resolution, which equals to 
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. The relation between this resolution lower-bound and 
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 is plotted in Figure 1. It can be seen from Figure 1 that the method of scaling provides very strong scalability on RSTD quantization resolution when the cell distance is less than 10km. For example, for a 2km reference-neighbouring distance, the positioning server can assign a scaling factor to the UE to obtain an effective quantization resolution as low as 
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. The small cell deployment can have even smaller quantization resolution lower-bound given the ISD is further smaller. This quantization mechanism should be able to provide sufficiently small quantization resolution to 3GPP RAN study for indoor positioning, in which the agreed evaluation scenario has a multi-cell layout with macro-cell ISD equal to 500m. It should be pointed out that, besides the network server that can assign scaling factor to the UE, the UE can also decide the scaling factor based on the actual RSTD measurement, which can result in a quantization resolution smaller than the one decided by network server based on reference-neighbouring cell distance. In this case, the UE needs to report both the scaled RSTD measurement and the scaling factor that is decided.   
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Figure 1 Lower-bound of RSTD quantization resolution vs. cell distance
The second advantage to adopt the RSTD quantization with scaling is that the impact to RAN4 is minimal. The expected modifications to TS36.133 [4] are given in Appendix 1. In future, if new quantization resolution is needed, the specification change is most-likely within RAN2 scope by introducing new scaling factor into LPP signalling [5].  

One potential argument against RSTD quantization with scaling is that the effective quantization resolution at large reference-neighbouring cell distance (e.g. >10km) is not small enough or even larger than the one provided by existing proposal using new mapping table. However, if the reference-neighbouring cell distance is larger than 10km, it is our understanding that the NLOS could play a larger impact to positioning accuracy than quantization error. According to the 3GPP 3D channel model [6] that is used in indoor positioning study, the LOS probability vs. eNB-UE distance is shown in Figure 2. For a reference-neighbouring cell distance larger than 10km, the UE must stay away from either reference eNB or neighbouring eNB by more than 5km, which has almost a zero probability on LOS condition. The numerical analysis upon 3D channel model shows that, once the propagation path is NLOS, the cluster ray closest to LOS has a mean delay of 63ns and the peak-power cluster ray has a mean delay of 168ns, both of which are larger than the quantization resolution in the current mapping table. Therefore, it does not sound like a valid argument that lacking support of small quantization resolution for reference-neighbouring cell distance larger than 10km is an outstanding drawback of RSTD quantization with scaling. 
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Figure 2 LOS probability according to 3D channel model
Observation 1: For the reference-neighbouring cell distance smaller than 10km, the RSTD quantization with scaling provides much stronger scalability and much smaller quantization resolution than proposed solutions with new mapping table. For the reference-neighbouring cell distance larger than 10km, the NLOS condition may make the benefit of smaller quantization resolution vanish.  
There is one clarification for the evaluation provided in [3]. In the application of existing mapping table, if the scaled RSTD (k∙∆RSTD) falls into a quantization slot [mi, mi+1] in the existing mapping table, the network server recovers the RSTD value as 
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. It can be shown that quantization error on ∆RSTD is upper-bounded by 
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. That is to say, the scaling factor of k can result in a quantization resolution 
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 and the quantization error upper-bound is further half of that resolution. This is already implemented in the evaluation in [3]. Note that the quantization error upper-bound to be half of quantization resolution is also applicable to the quantization with new mapping tables.   
3 RSTD quantization based on dual mapping table

According to the proposal with new mapping table, if the measured RSTD value x falls into a specific quantization slot [mi, mi+1] according to existing mapping table, the difference value x-mi is further quantized based on a new mapping table that is chosen from following two candidates. 
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Figure 3 Proposed new mapping table to quantize delta value
Mathematically speaking, the above proposals with new mapping table have no difference from applying the scaling factor to each RSTD quantization slot, i.e., they are equivalent to 
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 with the scaling factor k equal to 4 or 2. Therefore, if some finer quantization should be done upon delta value x-mi, the above formula is a much better and simpler choice than defining new mapping table. The expected changes to TS36.133 are shown in Appendix 2 for quantization of delta value with scaling, and in Appendix 3 for quantization of delta value with new mapping table. 
However, all these methods quantizing the delta value share some common drawbacks.  
· In case that new quantization resolution is ever needed in future, what is defined today in Rel-13 would not be reusable. To be more specific, with the delta quantization with new mapping table, the corresponding mapping table should be redefined completely to work with new quantization resolution; with the delta quantization with scaling, even though the introduction of new scaling factor is simple, the new quantization resolution may still leave the information element for the reported “delta” value having different value range or word-length from RAN2 specification point of view. So, the new quantization resolution in future may still require the definition of new IE, and leave the IE defined in Rel-13 non-reusable.
· To quantize the delta value generally results in more signalling bits in RSTD reporting than the option-2. This additional signalling overhead increases as the quantization resolution gets smaller. In our view, this additional signalling overhead is indeed not necessary.  

Observation 2: The quantization upon delta value would require more signalling overhead and have more specification impacts in case new quantization resolution is needed. 
4 Conclusion 

This contribution provides following observations for RSTD quantization in OTDOA:
Observation 1: For the reference-neighbouring cell distance smaller than 10km, the RSTD quantization with scaling provides much stronger scalability and much smaller quantization resolution than proposed solutions with new mapping table. For the reference-neighbouring cell distance larger than 10km, the NLOS condition may make the benefit of smaller quantization resolution vanish.
Observation 2: The quantization upon delta value would require more signalling overhead and have more specification impacts in case new quantization resolution is needed.
Based on these observations, we propose to adopt the RSTD quantization with scaling over measured RSTD, i.e., the option 2 in [1].  

Proposal: 
It is proposed to adopt the RSTD quantization with scaling over measured RSTD solution in this paper for Rel-13 indoor positioning enhancement WI.
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Appendix 1: Proposed changes to TS36.133 for RSTD quantization based on scaling of measured RSTD
9.1.10.3
RSTD Measurement Report Mapping
The RSTD value that is reported corresponds to a scaled RSTD measurement quantity value where the measured RSTD quantity value after scaling = measured RSTD value * scaling factor, which is based on the scaling factor parameter defined in TS 36.355 [24].
The reporting range of scaled RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of scaled RSTD less or equal to 4096Ts and 5Ts for absolute value of scaled RSTD greater than 4096Ts.

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

Table 9.1.10.3-1: RSTD report mapping

	Reported Value
	Measured Quantity Value after scaling
	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


……….

A.8.12.1.2
Test Requirements

The RSTD measurement time fulfils the requirements specified in Clause 8.1.2.5.1.

The UE shall perform and report the RSTD measurements for Cell 2 and Cell 3 with respect to the reference cell in the OTDOA assistance data, Cell 1, within 2560 ms starting from the beginning of time interval T2.

The rate of the correct events for each neighbour cell observed during repeated tests shall be at least 90%, where the reported RSTD measurement for each correct event shall be within the RSTD reporting range specified in Clause 9.1.10.3, i.e., between RSTD_0000 and RSTD_12711, with scaling factor equal to 1.
NOTE:
The RSTD measurement time in the test is derived from the following expression, 
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, where 
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=8 and 
[image: image16.wmf]n

=16  are the parameters specified in Clause 8.1.2.5.1, Table 8.1.2.5.1-1, under Note 1. This gives the total RSTD measurement time of 2560 ms for Cell 2 and Cell 3 with respect to the reference cell Cell 1.
…….. [Note: The same text change is applicable to test requirement for other existing test cases.]
Appendix 2: Expected changes to TS36.133 for RSTD quantization based on scaling of delta value in measured RSTD

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. For a measured RSTD quantity that falls into a mapping range represented by mi≤RSTD<mi+1, mi≤RSTD≤mi+1 or mi<RSTD≤mi+1 as in Table 9.1.10.3-1, a quantized delta value (Δ) in unit of Ts is as given below:

Δ = 
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Where

RSTD is representing the measured RSTD quantity value,

mi is the lower-bound of the corresponding mapping range that the measured RSTD quantity value falls into according to Table 9.1.10.3-1, and

k is the scaling factor used in the above equation for reducing the RSTD quantization error, defined in TS 36.355 [24].

Besides the reported value obtained according to Table 9.1.10.3-1, the UE may additionally report the calculated Δ.

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


[Note: The potential text changes to the existing test case requirements are FFS.]

Appendix 3: Expected changes to TS36.133 for RSTD quantization based on dual mapping table
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. For a measured RSTD quantity that falls into a mapping range represented by mi≤RSTD<mi+1, mi≤RSTD≤mi+1 or mi<RSTD≤mi+1 as in Table 9.1.10.3-1, a quantized delta value is obtained as the mapping of RSTD- mi, where the mapping is defined in Table 9.1.10.3-2. Besides the reported value obtained according to Table 9.1.10.3-1, the UE may additionally report the quantized delta value obtained according to Table 9.1.10.3-2.
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


Table 9.1.10.3-2: Delta value mapping
[either of two tables in Figure 3 is added here]
[Note: The potential text changes to the existing test case requirements are FFS.]
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