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1 Introduction

In 3GPP RAN plenary meeting #69, the new WID of indoor positioning was approved as in [1]. In this contribution, we discuss the following technique that is listed in SI report [2] as potential OTDOA enhancements and meanwhile relates to RAN4 work:
· The RSTD quantization error reduction.
2 RSTD quantization error reduction 

It has been shown in study item phase of RAN1 work that the RSTD quantization resolution of 1Ts could be a bottleneck that comes from the specification to prevent OTDOA-based elevation positioning from reaching floor-level accuracy. The further simulation results are provided in a RAN1 contribution [6] and copied here to show the impacts of different RSTD quantization resolutions to the positioning accuracy. In the simulation, each UE is assumed to make 16 RSTD measurements, additionally with following optimistic conditions:
· The PRS propagation is on single LOS path and the detection of first arrival timing by UE is perfectly accurate, so that the RSTD quantization error is the only type of error in the OTDOA simulation.

· The reference cell is selected to have the earliest time of arrival, which has been shown in SI phase to be able to improve the positioning performance. 
· The specific quadratic programming with quadratic constraint (QPQC) algorithm is applied to derive UE position based on RSTD measurements. This was also proved in SI phase to be much better than using conventional OTDOA linear equations without any constraint.  

The simulation results are given in Figure 1 for macro-only scenario and in Figure 2 for macro+outdoor small-cell scenario (4 small cells per macro cell), where the notation QF indicates the RSTD quantization resolution is 1/QF of Ts.    
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Figure 1 OTDOA performance vs quantization resolution (Ts/QF) in macro-only scenario
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Figure 2 OTDOA performance vs quantization resolution (Ts/QF) in macro+outdoor small cell scenario
According to these two figures, it is obvious that

· Given the FCC regulatory requirement for horizontal accuracy is 50m at 60%, RSTD quantization error reduction does not improve horizontal positioning performance very much. This observation of small improvement on horizontal direction is similar to what is shown in section 5.3.2.1 of [5]. 
· In order to reach floor level accuracy (3m) for elevation positioning, resolution of Ts/4 is not sufficiently small for macro and sparse outdoor small cell scenario, as well as the macro-only scenario. For the later scenario, even the resolution of Ts/8 is quite marginal. If the simulation is not run with advanced options for reference cell selection and QPQC, both of which are network/UE implementation based choices, Ts/8 is expected to be insufficient as well to maintain vertical accuracy of 3m. 
It is our view that any RSTD quantization resolution larger than (1/8)Ts should not be considered for RSTD quantization enhancement, because if any of these resolutions is applied, little gain is obtained for horizontal positioning and OTDOA-based positioning has no way to reach floor-level accuracy. On the other hand, this threshold of (1/8)Ts is based on the assumption that the quantization error is the only type of error in OTDOA estimation, the choice of actual quantization resolution should be based on the inclusion of other types of error, such as measurement error that depends on OTDOA enhancements for PRS hearability improvement and NLOS error that depends on deployment environment. However, further OTDOA enhancements are still under study and are expected to roll out gradually for years. Meanwhile, it is difficult to predict the propagation condition until after the PRS transmitters are actually deployed in fields. In addition, given a fixed length for a quantization lookup mapping, the small quantization resolution generally means small quantization range, and vice versa. Therefore, there is generally a trade-off between the quantization resolution and quantization range. All these facts suggest a design criterion: it makes more sense to have a quantization mechanism that can smoothly embrace new quantization resolutions and efficiently support selection of quantization resolution from multiple candidates. 
Proposal 1:  Any RSTD quantization resolution larger than (1/8)Ts should not be considered for RSTD quantization enhancement. 
Proposal 2: RSTD quantization enhancement has a design target to smoothly embrace new quantization resolutions and efficiently support selection of quantization resolutions from multiple candidates. 
One quantization solution with scaling, which meets the criterion in proposal 2, is described below.  

With a positive scaling factor k for a RSTD measurement value x that is to be reported from UE to network, the quantization (represented by function Q(∙)) of k∙x is Q(k∙x)= k∙x+ε, where 
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<R and R is the quantization resolution of quantization mapping table. It is easily shown that 
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, which means that the quantization error is effectively reduced by k times if the quantization factor k is used to multiply with x before quantization (on UE side) and then used to divide quantized value Q(k∙x) (on network side). 

The values of k can be multiple, and be depending on evaluations in RAN4. In the specification, the quantization factor k can be UE-specific or even RSTD-specific in the sense that different RSTD measurement report is associated with different quantization factor. The quantization factor can be either configured to UE by the network, or decided by the UE itself that needs to report the quantization factor together with RSTD report. The benefits of adopting the scaling in quantization are obvious:
· The quantization procedure is scalable and easily reconfigurable to balance between quantization range and quantization resolution. Take the RSTD measurement in Figure 3 as an example. According to the triangle property, the RSTD measurement is roughly no larger than the distance (
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) between reference eNB and neighbouring eNB divided by light speed (c), regardless where the measuring UE is. The quantization factor that gives finest quantization resolution can be 
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 is the distance in unit of km between reference eNB and neighbour eNB. Suppose the macro ISD is 500m as used in study item system level evaluation [2], the [-4096Ts,4096Ts] range within the existing RSTD quantization mapping table is sufficient to cover 19-macro deployment with quantization factor equal to 1 up to 20 (assume the central macro eNB in 19-eNB layout map is reference eNB). The ISD can be further enlarged if the range of [-15391Ts,15391Ts] of current RSTD mapping table is fully utilized. This quantization method can also provide smooth support for future enhancements, such as wideband PRS.  

· The RSTD quantization error can be improved without adding hard-coded lengthy mapping table(s) to RAN4 specification. The same table in [3] can be used for both new UE and legacy UE. The proposed quantization with scaling may have mainly RAN2 impact, with impact to RAN4 as minimum (e.g. some clarification of mapping table in [3] may be needed).  


[image: image8.emf]Neighboring

eNB 1

Reference

eNB

distance=y

distance=x

UE

distance=a

RSTD=|x-y|/c<a/c


Figure 3 Determine quantization factor by eNB-eNB distance
In summary, the RSTD quantization error reduction can be solved mainly within RAN2 scope, with more advantages than defining new quantization mapping tables in RAN4 specification. The quantization with scaling was already proposed in RAN1 #82bis and RAN2 #91bis. Both WGs note the proposal and leave the decision to RAN4. 
Proposal 3: Support RSTD quantization with scaling. Send LS to RAN2.  
3 Conclusion 

This contribution provides following proposals for RSTD quantization in OTDOA:
Proposal 1:  Any RSTD quantization resolution larger than (1/8)Ts should not be considered for RSTD quantization enhancement. 

Proposal 2: RSTD quantization enhancement has a design target to smoothly embrace new quantization resolutions and efficiently support selection of quantization resolutions from multiple candidates.
Proposal 3: Support RSTD quantization with scaling. Send LS to RAN2.
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