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1 Introduction

In 3GPP RAN plenary meeting #69, the new WID of indoor positioning was approved as in [1] with following guidelines to RAN1 working scope as well as the task in RAN1 #82bis:
· For RAT-dependent positioning enhancements, namely OTDOA enhancements and E-CID enhancements, define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]. The work includes the following but not limited to:

a) Sort out the options for OTDOA/E-CID enhancements for Work Item [RAN1]
· RAN1#82-bis: Finalize the list of OTDOA and E-CID enhancements.  Prioritize the enhancements without RAN1 impact e.g. 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 contribution, we show our views on the OTDOA-based enhancements.
2 Prioritized enhancements for OTDOA 
The OTDOA-based enhancements that are studied in indoor positioning SI and described in [2] are listed in Table 1, together with the descriptions whether each enhancement has the RAN1 impact. 
	OTDOA enhancements
	Has RAN1 impacts or not?
	If no impact to RAN1, any impacts to other WGs and specs?

	Modifications of PRS patterns in time and/or frequency domains, together with the solutions considering backward compatibility
	Yes. The modifications (on vshift formulation and/or PRS configuration index) to at least TS36.211 and the RAN1 simulation evaluations are expected. 
	-

	The same PCI issue solution by PRS muting
	No. 
	The modification to RAN2 specification (TS36.355) is expected to support multiple muting patterns for the given single PCID. 

	The same PCI issue solution by time-domain separation
	No. 
	The modification to RAN2 specification (TS36.355) is expected to support multiple PRS configuration indices for the given single PCID.

	The same PCI issue solution by adding RRH ID or substituting with PRS ID (or virtual cell ID). 
	Yes. The modification in TS36.211 is expected to change the initialization of PRS sequence generation and vshift formulation.  
	- 

	EB/FD-MIMO based enhancement
	Yes. The modification in TS36.211 is expected to support per-beam wise PRS ID. 
	-

	CRS together with PRS for RSTD measurements
	Yes or No, depending on whether the CRS and PRS are assumed on the same port for coherent accumulation. 
	The modification to RAN2 specification (TS36.355) is expected to include cpLength for CRS into OTDOA-ReferenceCellInfo and OTDOA-NeighbourCellInfoElement in case PRS is present in corresponding cell, for which however the necessity should be justified.  

	PRS on Tx diversity
	Yes. The impact to TS36.211 is expected to modify PRS port(s) or PRS transmission pattern per antenna. Additional RAN1 simulation evaluation is also anticipated.  
	-

	Wideband PRS
	Yes. RAN1 needs to define the intra-band contiguous CA on PRS. 
	-

	PRS in unlicensed band
	RAN1 does not seem to be able to study this enhancement before LAA WI gets stable.  

	Dynamic PRS configuration
	Yes. The dynamic adjustment of PRS power level could impact RAN1 specification.   
	-

	UE inter-frequency RSTD calibration accuracy reporting
	No impact to RAN1 specification. However, RAN1 may need to perform simulation evaluations to decide whether the issue is serious enough and whether new enhancement on top of existing specification is necessary. 
	- 

	Reference cell selection
	No. 
	The impact to RAN2 [2] includes new LPP signalling to direct the UE how to select reference cell, which however could be unnecessary because the network can re-select the reference cell even after obtaining the RSTD report from UE. Nevertheless, the reference cell selection could be in the study scope of RAN4.   

	PRS-IC
	No impact to RAN1 specification. However, RAN1 evaluation maybe needed.  
	- 

	RSTD quantization error reduction by  creating new mapping table(s) with smaller quantization resolutions
	No.
	The impact to both RAN2 specification (TS36.355) and RAN4 specification (TS36.133) are expected to include multiple new mapping tables or new steps for UE to select one from multiple mapping tables. 

	RSTD quantization error reduction by  applying new scaling factor before/after quantization
	No.
	The impact to RAN2 specification (TS36.355) is expected to include new steps of scaling before quantization and definition of scaling factor(s).

	RSTD via RRC
	No impact to RAN1 specification. However, the verification of the benefits, such as AoA information established in eNB or benefits other than positioning enhancement, needs to be done in RAN1. 
	-


Table 1 OTDOA-based enhancements and impacts to RAN1
This paper briefly discusses the following potential enhancements listed in Table 1:
· Solutions for the same PCID issue;

· OTDOA reference cell selection;
· RSTD quantization error reduction;

· CRS together with PRS for RSTD (assume no antenna port unification between CRS and PRS)
Solutions for the same PCID issue
This is separately discussed in [5], which eventually proposes not to further discuss the issue of “PRS signals based on the same PCI” in the work item phase of indoor positioning.   
CRS together with PRS for RSTD measurement
The CRS is not precluded from UE’s measurement for RSTD. It is also shown in study item phase that the joint RSTD measurement based on both CRS and PRS can improve RSTD measurement performance. In light of this, the concern is raised on single cpLength configuration: if PRS is present, the configured cpLength is applicable to PRS but not CRS, which leaves CRS CP length uncertain. So, the LPP signalling seems to be needed to explicitly inform UE of the CRS CP length whenever PRS is present. However, the RSTD measurement based on PRS+CRS could be already allowed by existing specification, given the UE can learn the CP length for CRS via other way (e.g. CA configuration) or can perform the optimal TOA search based on two hypothesis on CRS CP length. In general, this seems to be a UE behaviour that the current UE may already be able to do per UE implementation wise. The adding of CRS cpLength into LPP may only simplify the UE implementation, but not improve the performance cap. 
OTDOA reference cell selection
It is well understood that the existing specification allows UE re-selecting the OTDOA reference cell, as an UE implementation step, after it is configured with OTDOA-ReferenceCellInfo and OTDOA-NeighbourCellInfo. In addition, the network is also able to re-select the reference cell again, as a network implementation step shown in Table 2, after it obtains RSTD reports from the UE. Given such network capability, it is not necessary to convey instructions on reference cell selection with additional information from the network to UE such that UE makes the final decision on reference cell selection; instead, the decision could be still made on network side. 
	Assisting eNB index
	RSTD reported by UE, with eNB #1 as reference cell
	RSTD adjusted by network, with eNB #2 re-selected as reference cell

	1
	∆1=0 (not reported to network)
	∆1,new=∆1-∆2=toa1-toa2

	2
	∆2=toa2-toa1
	∆2,new=∆2-∆2=0
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	N
	∆N=toaN-toa1
	∆N,new=∆N-∆2=toaN-toa2


Table 2 Reference cell re-selection on network side
Even though the reference cell selection may not have any impact to RAN1/2/3 specifications, the reference cell selection criteria may still deserve RAN4 study in testing cases. Such criteria include but not limited to: 

· The reference cell is selected so as to keep the RSTDs positive [4]; 
· The reference cell is selected to have the best RSTD measurement quality (based on existing parameters such as expectedRSTD-Uncertainty).
Proposal 1:  OTDOA reference cell selection can be treated as UE/network implementation steps with no impact to RAN1/2/3 specifications. On the other hand, RAN4 is recommended to study and to include in testing cases the following criteria for reference cell selection:

·  The reference cell is selected so as to keep the RSTDs positive; 

· The reference cell is selected to have the smallest RSTD uncertainty.
RSTD quantization error reduction
As pointed out in [2], the reduction of RSTD quantization error is beneficial to improve OTDOA performance. In addition, it is also mentioned in [2][6] that “it is beneficial to allow the UE to select an appropriate RSTD report map based on either an indication from the location server and/or a self-assessment within the UE”. Instead of defining additional multiple quantization mapping tables, the scaling before and after the quantization is proposed [2]

 REF _Ref430339623 \r \h 
[3]. With a positive scaling factor k>1 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. It is easily shown that 
[image: image3.wmf](

)

k

R

x

k

Q

k

x

<

×

-

1

, 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). 
In the specification, the quantization factor k can take the values of 2 and 4 to match quantization resolutions mentioned in [6], and other values such as 8, 10 or even larger. This quantization factor 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 and then indicated to network. The details can be discussed and determined in RAN2. The benefits of adopting the scaling in quantization are obvious:

· The RSTD quantization error can be improved without adding to specification multiple hard-coded and lengthy mapping tables that consumes UE/server memory unnecessarily. The same existing mapping table can be used for both new UE and legacy UE. 
· The quantization process is scalable and easily reconfigurable to balance between quantization range and quantization resolution. Take the RSTD measurement in Figure 1 as an example. According to the triangle property, the RSTD measurement is roughly no larger than the distance (a) 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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[image: image5.wmf]a

 is in unit of km. This quantization factor cap can be further enlarged if the quantization factor is determined on UE side based on the actual RSTD measurement. Suppose the macro ISD is 500m as used in RAN1 system level evaluation [2], the [0,4096Ts] range within the existing RSTD quantization mapping table is sufficient to cover 19-macro deployment with quantization factor up to 20 (assume the central macro eNB is reference eNB). The ISD can be further enlarged if the range of [0,15391Ts] of current RSTD mapping table is fully utilized. This quantization method can also provide smooth support for future enhancements, such as wideband PRS, which have the opportunity to further reduce the quantization resolution.  

· Comparing the creation of new mapping table(s) which impacts specifications in both RAN2 and RAN4, the proposed quantization with scaling may have mainly RAN2 impact with impact to RAN4, if any, as minimum.  
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Figure 1 Determine quantization factor by eNB-eNB distance

Proposal 2: Support RSTD quantization with scaling in Rel-13 OTDOA positioning by including quantization factor in LPP. Send corresponding LS to RAN2 and RAN4.  
3 Conclusion 

This contribution provides the following proposals for the Rel-13 enhancements to OTDOA-based positioning:
Proposal 1:  OTDOA reference cell selection can be treated as UE/network implementation steps with no impact to RAN1/2/3 specifications. On the other hand, RAN4 is recommended to study and to include in testing cases the following criteria for reference cell selection:

·  The reference cell is selected so as to keep the RSTDs positive; 

· The reference cell is selected to have the smallest RSTD uncertainty.

Proposal 2: Support RSTD quantization with scaling in Rel-13 OTDOA positioning by including quantization factor in LPP. Send corresponding LS to RAN2 and RAN4.  
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