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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 besides another contribution [2], and propose the TP for TR37.857.
2 Analysis of potential enhancements for OTDOA 
v-shift of PRS in frequency domain
It is proposed to have frequency shift (vshift) of PRS signal randomized, in order to randomize the PRS-to-PRS interference. The vshift is randomized over the [0-5] in any PRS subframe or PRS occasion. This proposal may have following issues: 

· The new PRS and legacy PRS configured to the same UE cannot have the same PRS configuration index (IPRS). If UE needs to measure both new PRS and legacy PRS that have the same time-domain periodicity for the balanced TOA detection performances between new and legacy PRS, the UE has to receive them from different subframes, which means:

· More subframes could be taken from data traffic transmission to be specifically used to support transmission of new PRS. 

· The number of subframes available to legacy PRS can be significantly reduced, which may add additional burden on legacy PRS network planning.  

· Even without legacy PRS, the randomization of vshift either requires more PRS subframes, or eventually generate a PRS coverage edge. For example, assume three eNBs {B1, B2, B3} that sends PRS signals {p1, p2, p3}, respectively in the same subframe are lined up in contiguous geographical area.  The UE x1 is configured with PRS p1 and p2, and UE x2 is configured with PRS p2 and p3. The PRS signals p1 and p3 overlap with each other and could have generated static PRS-to-PRS interference without randomization.  Now with the randomization on vshift, the different PRS signals in the same subframe and configured to the same UE need to have the same randomization seed, because otherwise they would eventually collide with each other periodically. In other words, in above example, p1 and p2 have the same randomization seed, and p2 and p3 have the same randomization seed, which means p1 and p3 also have the same randomization seed. Therefore, even though p1 and p3 are randomized, the static PRS-to-PRS interference between p1 and p3 still exists. The remedy is either to avoid each UE measuring two PRS in the same subframe (given putting p1 and p3 in different subframe would void the basis of the randomization proposal), which means more PRS subframes are needed, or to remove the PRS configuration of p2 from one of two UEs to break the equality chain on randomization seed, which means that each UE measuring PRS from eNB B1 or B3 would not measure PRS from eNB B2. Then the PRS coverage edge effect is created.     

Therefore, the additional mechanism appears to be necessary to work with randomization of vshift, in order to resolve above identified issues. One example of the solution is to partition the candidate values of vshift, 0~5, into subsets. The vshift of one PRS can only take values within one subset. For each UE, the configured legacy PRS and new PRS in the same subframe can belong to different subsets; and for each UE, the two configured new PRS with different randomization seeds can be configured into different subsets.  
PRS for the same PCI case
The details can be referred to [2]. 
RSTD quantization in UE report
The details can be referred to [2].
3 Conclusion 

Proposal: To include attached text proposal in TR 37.857.
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<End of changed section>
7.1.1.1
Enhanced Positioning Reference Signals (PRS)

For purposes of evaluation, potential enhancements related to PRS include the following candidates; increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case.
<Unchanged sections omitted>

<Start of changed section>
7.1.1.1.x Impact on PRS backward compatibility 

It is identified that the time-varying PRS pattern (including time-varying vshift) has backward compatibility issues, where the issues not only refers to the fact that the legacy UE cannot measure the PRS with new pattern, but also includes the facts that 

· The OFDM resources available to legacy PRS can be significantly reduced, which may make the network planning for legacy PRS more difficult than before.
· The network may need additional subframes to be specifically used to transmit PRS with new pattern. 
For the PRS enhancements with time-varying vshift, in order to have a mechanism to support transmission of legacy PRS and PRS with new pattern in the same subframe no matter how the parameter of vshift varies, one example of the solutions is to limit the time-varying value of vshift for one PRS within a subset of [0-5]. The legacy PRS and PRS of time-varying vshift that are transmitted in the same subframe and measured by any same UE can have their vshift values belonging to different subsets. It should be noted that the same or similar solution based on vshift subset can also be used in the case where there is no legacy PRS and other potential issue may occur upon PRS signals with time-varying vshift.

7.1.1.1.x

PRS transmission enhancements for the same PCI case
When multiple network nodes have the same physical identification number (PCI), the PRS sent from them have the same PRS sequence and OFDM resource locations according existing specification, and UE has no way to derive the ranging information that is specifically applicable to one specific network node. One solution is to assign to each PRS signal a separate identification number independently from physical cell identification for PRS sequence generation and/or PRS resource allocation. This solution also directly works for the case where the network node (such as PRS-only beacon) does not have any network-planned physical cell identification.

It is noted that, it can be a UE implementation issue whether to use CRS (at least the CRS REs in the first OFDM symbol per slot) jointly with PRS for RSTD measurement. However, when CRS signals are sent from network nodes with the same physical cell identification number, UE should be indicated not to use CRS any more for RSTD measurement. The same or similar indication could be considered for the case where the network node (such as PRS-only beacon) does not transmit CRS at all.

<Unchanged sections omitted>
<End of changed section>
7.1.1.2
Enhanced RSTD measurements

For purposes of evaluation, potential enhancements related to RSTD measurements include the following candidates: reduction of RSTD quantization error, measurement performance enhancements under Wide-band PRS.

<Start of changed section>
7.1.1.2.1   Reduction of RSTD quantization error

For the reduction of RSTD quantization error, one solution with configurable and scalable quantization resolution is based on following mathematics principle: Denote the quantization of a value x as function 
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 with R to be the quantization resolution. This is equivalent to 
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. It means that, 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 resolution is reduced by k times compared to the direct quantization on value x. With this solution, 
· The specification only needs to have one quantization mapping table for different quantization resolutions. The eNB maintains only one unified quantization mapping method. 
· The potential enhancements that require further smaller quantization resolution in future LTE releases only involve change of value of k, but rarely the quantization table itself. 

· The value of k configured to UE via LPP can be UE-specific, making it possible to explore the UE’s maximum capability on time-domain sampling implementation.   
It should be noted that the quantization factor k effectively reduces the maximum value range of RSTD measurement to [-15391/k, 15391/k]Ts, which allows the distance between reference eNB and neighboring eNB as large as about (150/k)km. 
<End of changed section>
<Unchanged sections omitted>
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