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1 Introduction

In 3GPP RAN1 #80bis, the following potential enhancements based on OTDOA are listed for further study and evaluation [1].

Agreements:

· For evaluation purpose only, potential enhancements related to PRS include following candidates

·  Enhanced positioning reference signals

·   More dense PRS in time domain

·   New PRS pattern

·   PRS transmission enhancements for the same PCI case

·  Enhanced RSTD measurements

·   Reduce RSTD quantization error

·   Measurement performance enhancements under Wide-band PRS

· Other potential enhancements are not precluded for evaluation

We show in this contribution our view on some of potential enhancements given above for OTDOA.
2 Analysis of potential enhancements for OTDOA 
v-shift of PRS in frequency domain
The following enhancements relating to v-shift parameter for PRS allocation in frequency domain were suggested in previous meeting.
· Randomization of v-shift [2]: this is proposed to mitigate the static interference among PRSs.

· Additional subframe-based offsets [3]: this is proposed to reduce the correlation side-lobe and improve timing detection performance.   
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, but based on a random number generator whose output in every PRS subframe hops to a new value within range of [0,5]. Then the two PRS signals could have a chance of not having equal [image: image3.wmf]shift
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 given it is time-varying per subframe at time of t, between the two PRS in all PRS subframes so that the interference is randomized. However, as randomization makes two 
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 equal at time t1 but unequal at time t2, it also makes the opposite happening: two 
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 that are unequal at time t1 may become equal at time t2. This means that the benefit of cell planning would be removed by such randomization, i.e., the strong PRS-to-PRS interference that had been 100% avoided by planning different 
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 under current specification could become unavoidable due to randomization. What is more, the occurrence of such strong PRS-to-PRS interference is somehow difficult to predict and manage.
With the subframe-based offset, the 
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 should not be the same for any two subframes during the PRS repetition period. While the benefit of such subframe-based offset is not proved yet, the uniqueness of subframe-based offset within PRS repetition period may put a great limitation to the resource allocation for legacy PRS. For example, the PRS signal repeated in 6 contiguous subframe, each of which has a different v-shift offsets within 0~5, would prevent UE from monitoring any legacy PRS that needs to be repeated in these 6 contiguous subframes.     
Observation 1: The subframe-based variations (either randomized or deterministic) of v-shift may have both pros and cons. Further analysis and evaluations are needed to justify the specification change. 
PRS for the same PCI case
There are so far two solutions proposed for case where the PRS are sent from the network nodes of the same PCI, e.g,  in CoMP scenario-4 sub-networking:

· The virtual PCI (such as 
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 in above section) replaces the real PCI (
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) in PRS generation [4].

· The collision of PRS resources due to the same PCI is avoided by specific muting patterns [5].

The virtual PCI seems simpler than the muting pattern solution. In fact, the current PRS configurations for both reference cell and neighbouring cells already include the information element of PCI. That is to say, from the UE point of view, the PRS generation based on certain configured ID is already in place, while the UE does not check whether the configured ID is real or virtual. It is also worth noting that some positioning proposals, such as PRS-only beacon on either licensed or unlicensed carrier, need the ID in PRS generation to be virtual and independent from the PCI normally associated with PSS/SSS or CRS, since PSS/SSS and CRS are not transmitted from PRS-only beacon. 
Similar to PRS ambiguity issue that has been addressed for CoMP scenario-4 and PRS-only beacon, the ambiguity issue relating to CRS may also need to be taken care of. According to following IE description in TS 36.355 (highlighted with underline), the UE can obtain the RSTD measurement based on CRS. 
	OTDOA-SignalMeasurementInformation field descriptions

	systemFrameNumber

This field specifies the SFN of the RSTD reference cell containing the starting subframe of the PRS positioning occasion if PRS are available on the RSTD reference cell, or subframe of the CRS for RSTD measurements if PRS are not available on the RSTD reference cell during which the most recent neighbour cell RSTD measurement was performed.


Even if the UE is configured with PRS for a cell, UE should not be prevented from running RSTD measurement based on both PRS and CRS, given the facts that CRS is a proved RSTD measurement target in Rel-9 and that UE may already have the hardware implementation for RSTD measurement based on CRS or PRS+CRS. It should be noted that, even if it is true as mentioned in [5] that the CP length information for CRS is not available if PRS is configured, RSTD measurement based on PRS+CRS is still possible under current specification if the CRS REs used in RSTD measurement only come from the first OFDM symbol per slot.  

The measurement based on PRS+CRS can be further beneficial given RAN1 already identified that the RSTD measurement quality based on current PRS needs improvement, which motivates companies to seek enhancements to increase PRS density in time and/or frequency domain. The CRS having much higher time-domain density than PRS could be a simple alternative with much less standard impact.  

However, multiple nodes sharing the same PCI in CoMP scenario-4 may transmit the identical CRS from different geographical locations, which can introduce distance ambiguity even for a measurement jointly on PRS+CRS. In order to have the correct RSTD measurement in CoMP scenario-4 environment, UE needs to be informed whether one TOA measurement should be based on PRS alone or jointly on PRS+CRS. Such configuration may also be necessary for PRS-only beacon, from which CRS is not transmitted at all. 
Observation 2: The virtual PCI is a simple solution to support PRS transmissions from nodes sharing the same PCI or from PRS-only beacon.

Observation 3:  The OTDOA configuration should be able to tell UE whether the RSTD measurement can be based on PRS alone or on PRS+CRS jointly. 
RSTD quantization in UE report
Denote the quantization of a value x as function 
[image: image11.wmf](

)

x

Q

. The quantization of 
[image: image12.wmf]x

k

×

 is 
[image: image13.wmf](

)

kx

x

k

Q

x

k

e

+

×

=

×

, where 
[image: image14.wmf]R

kx

£

e

 with R to be the quantization resolution. This is equivalent to 
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. This is to say, if the quantization factor k (k>1) is used to multiply the value x before the quantization and is also used to divide the quantization output, the effective quantization error is reduced by k times compared to the direct quantization on x. This simple mathematic principle suggests that the quantization accuracy in RSTD measurement report can be improved without hard-coding a new and lengthy quantization mapping table in TS 36.355. It is especially beneficial to have a scalable and reconfigurable parameter k to control the quantization accuracy, given people may not be sure at this stage how accurate the RSTD report needs to be in future, e.g. due to standard uncertainty of ultra wide-band PRS. 
Observation 4: The RSTD quantization can be enhanced based on existing quantization table to provide scalable quantization accuracy. 
3 Conclusion 

This contribution provides the following observations for the potential enhancements to OTDOA-based positioning:
Observation 1: The subframe-based variations (either randomized or deterministic) of v-shift may have both pros and cons. Further analysis and evaluations are needed to justify the specification change.

Observation 2: The virtual PCI is a simple solution to support PRS transmissions from nodes sharing the same PCI or from PRS-only beacon.

Observation 3:  The OTDOA configuration should be able to tell UE whether the RSTD measurement can be based on PRS alone or on PRS+CRS jointly.

Observation 4: The RSTD quantization can be enhanced based on existing quantization table to provide scalable quantization accuracy.
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