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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The accuracy requirements of feMTC and NB-IoT positioning have been discussed in RAN1 [1], leading to an agreement that RAN1 should strive for a horizontal accuracy of 50m for 67% of UEs.
RAN1 has discussed various methods for increasing the accuracy of OTDOA. The basis for increasing OTDOA accuracy is to increase the accuracy of the RSTD measurements. The accuracy of RSTD measurement is fundamentally related to the sampling rate employed at the UE. 
The sampling rate employed at the UE has impacts on the complexity, cost and power consumption. Hence it is important that the OTDOA scheme that is specified for feMTC supports accurate location determination at a reasonable sample rate.
OTDOA simulations for NB-IoT and feMTC [3] [4] are understood to have assumed relatively high sampling rates at the UE in order to achieve the necessary RSTD measurement accuracy. This document considers how accurate RSTD measurements can be obtained with UEs operating with lower sample clock rates.
This document is a resubmission if [5], which was not treated at RAN1#87 due to lack of time.
2. RSTD Measurement Accuracy
The RSTD measurement accuracy is fundamentally limited by the sampling rate employed at the UE. The UE cannot determine the time location of a tap in the power delay profile with an accuracy that is smaller than the sample time. With a sample time of Ts, the accuracy of determination of the first significant tap in the power delay profile is ± 0.5Ts, as shown in Figure 1. 
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[bookmark: _Ref465953279]Figure 1 – PDP Measurement inaccuracy is related to the sampling frequency
When there are multiple RSTD measurements related to multiple eNodeBs, it is possible for the network to refine the OTDOA error to less than ± 0.5Ts, but this requires more RSTD measurements to be performed by the UE, increasing the amount of resource that needs to be set aside for PRS (e.g. through PRS muting). Supporting RSTD measurements from more eNodeBs could also be facilitated by increasing the coverage of the PRS from distant eNodeBs (e.g. through repetition or densification of the PRS) [2]. However, the OTDOA performance would still be fundamentally improved if the accuracy of the basic RSTD measurements from UEs were improved.
Observation: RSTD measurement accuracy is limited by the sampling rate at the UE.

3. Improving RSTD Measurement Accuracy
The most direct way of improving the RSTD measurement accuracy is to increase the sampling rate at the UE. The basic sample rate of a Release-13 eMTC UE is 1.92Msample/sec. If a higher sample rate than 1.92Msample/sec is required to support OTDOA performance with sufficient accuracy, then this will have implications on UE cost, power consumption and backwards compatibility (i.e. the ability to perform a software upgrade of existing hardware in order to implement the more accurate Release-14 feMTC OTDOA requirements). 
An alternative approach to improving RSTD measurement accuracy is to perform multiphase sampling of the power delay profile, whereby the power delay profile is sampled at the default sample rate (1.92Msample/sec), but the delay applied to those samples is varied between subframes (or groups of subframes). Hence one set of samples is performed at times n×Ts and another set of samples is obtained at times n×Ts + Ts (or in general extra sets of samples are performed at times n×Ts + mi×Ts. The set of samples obtained in this way is illustrated in Figure 2. The number of samples of the waveform has been increased and the effective sampling inaccuracy has been reduced. The UE can process the increased number of samples according to implementation specific algorithms: either processing the samples in batches according to time delay and then determining an overall PDP, or processing the larger set of samples in order to create a single PDP.
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[bookmark: _Ref465954993]Figure 2 – Increasing PDP measurement accuracy using delayed samples
The UE is unable to sample the same subframe with different delays, but can sample different subframes with different delays. Assuming the power delay profile is reasonably stationary between the subframes, the UE will be sampling the same channel in the different subframes (it is just sampling the same channel at different times). The samples from the different subframes can be sampled, combined and interleaved, using the subframes shown in Figure 3, in order to produce a combined power delay profile as shown in Figure 2.
subframes containing feMTC PRS
sample at delay 0
sample at delay Ts / 2
sample at delay 0
combine and interleave samples

[bookmark: _Ref465956136]Figure 3 – Sampling subframes with different delays in different subframes

Proposal 1: RAN1 specifications support multiphase sampling of the feMTC PRS signals.

Multiphase sampling may be achieved by delaying the eNodeB timing by fractions of the UE sampling time (i.e. by the amounts Ts). The small amounts of delay required are within the cyclic prefix and should be tolerated by UEs, but enable feMTC UEs to obtain multiphase samples of the signal as an interleaved composite of the samples from the in-phase and delayed samples, as shown in Figure 4. This approach is backwards compatible with older hardware, assuming a UE software update. This approach requires the UE to know the delay timings of the different eNodeBs that are part of the RSTD measurement set. Hence we propose:
Proposal 2: The UE is made aware of the delay timing applied at the eNodeB when multiphase sampling is supported.
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[bookmark: _Ref465957587]Figure 4 – Creating a composite multiphase sample set from in-phase and delayed subframes


4. Conclusion
This document has considered how to obtain accurate RSTD measurements from low complexity, low power consumption feMTC UEs. It has been observed that the sampling rate applied to RSTD measurements is critical to the OTDOA accuracy.
Observation: RSTD measurement accuracy is limited by the sampling rate at the UE.
In order to support accurately sampled RSTD measurements, it is proposed that the RAN1 specifications support multiphase sampling of the feMTC PRS signals.
Proposal 1: RAN1 specifications support multiphase sampling of the feMTC PRS signals.
In order to support multiphase sampling in a backwards compatible and software upgradeable manner, it is proposed that the UE should be aware of the delay that the eNodeB applies to the transmission of PRS in different subframes. 
Proposal 2: The UE is made aware of the delay timing applied at the eNodeB when multiphase sampling is supported.
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