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Introduction
In the document [1] from TSG RAN #76, it has been proposed by Huawei to use frequency-hopping signal for an efficient signal generation in the UE and an efficient channel or path delay estimation in the eNB. 
	Noted:
Proposal: Add an objective to the Rel-15 eFeMTC WID or Rel-15 positioning enhancements WID: 
1. OTDOA positioning enhancements [RAN4, RAN1, RAN2] 
0. RAN4 to evaluate benefit and feasibility of specifying PRS frequency hopping enhancements, suitable for Category M1 and M2 UEs, to allow coherent combining between subframes. 
0. If found beneficial and feasible, specify such enhancements and associated RAN4 requirements



The proposal has not been agreed . However, a frequency-hopping scheme in order to extend the estimation bandwidth has been proposed for study in aerials [2]. This text addresses the question, where the enhanced accuracy may come from, if the phase difference is lost. We discuss the implementation of a frequency hopping signal without requirements on the deterministically known initial carrier phase after each frequency hop with similar performance as the above proposal. The new approach is based on overlapping spectra after each hop so that the channel may be aligned in the receiver of the eNB.
Background & Motivation
The discussion is based on the assumption of an orthogonal, subcarrier channel  for all K subcarriers in the diagonal matrix

Thus, the transmission equation yields

where a phase  models the phase. With respect to inserted pilots or reference symbols like the PRS this is

where all non-pilot (non-PRS positions) can be set to zero and use later interpolations to fill all positions.
The instantaneous channel estimate  is a snapshot of the channel at time instance  and at the frequency bins where actual pilot symbols have been transmitted 

i.e.  for subcarriers, where no pilot symbol has been transmitted. For PSK based reference symbols of power , this result in the adapted estimate

with the noise term  that has the same statistics as . The arbitrary phasor  differs for each hop and has thus to be compensated against in order to use all measurement snapshot together gaining accuracy. [1] proposes to use PLLs that are able to tune to the same deterministic phase so that the measured sequences can easily be combined. There are PLL solutions that allow for deterministic phase signals. Solutions on the market stating that they have solved this issue use round-trip time measurements where the measured phase at the responder is conveyed to the initiator of the RTT ranging [4], which seems to indicate that the phase-stable carrier synthesis is not straight forward. Also device tolerances may cause variations of the expected phases.
Observation 1: A high observation bandwidth enables highly accurate timing estimates irrespective if the observations have been received in one signaling interval (one frame).
Observation 2: The absence of phase-stable PLL frequency synthesis for frequency hopping systems indicates that it may not be that simple to be implemented.
O-TDOA using PRS sequences does, however, not allow for exploiting two-way message exchange in RTT (the subcarrier phase is only measured at the mobile terminal). By exploiting the overlaps as depicted in Figure 1, this is not needed in the receiving devices since it is possible to re-align the estimates afterwards in the receiver if overlapping intervals are used. An RTT measurement is always a point-to-point procedure so that the required channel capacity forbids the use of RTT in the macroscopic sense (i.e. ranging with eNBs).
[image: ]
[bookmark: _Ref489968071]Figure 1: Schematical view on the frames, where the combination of PSS and PRS corresponds to the regular LTE frame structure.

Observation 3: For RTT phase compensation has been achieved in practice, but at the cost of high channel capacity if applied to mobile networks.
In the overlapping intervals the channel estimates must be similar. A strict equality is prevented due to the cyclic behavior of the OFDM channel if approaching  or  . In general guard subcarrier are persistent at the edge of the spectrum: on the one handside, this reduces the spectral overlap, on the other handside, it relaxes the described inaccuracies.
Observation 4: The estimated channels in the overlapping region are systematically unequal, but similar enough if far away enough from the band edge (guard subcarriers).
Since subcarriers not in use for the PRS in the respective measurement are nulled the phase difference wrt. the previous measurement is obtained from

This phase difference has to be compensated for (phase alignment). Then, the full number of measurements can be used for one complete channel measurement in order to extract the delay from a complete covered bandwidth, e.g. with an IDFT 
(FFT  matrix  and ) or with the MUSIC algorithm

where  is the noise space of the channel coefficients.
 
The IDFT method profits from very low complexity, but the delay of the time domain channel estimates must be obtained from an interpolation and the estimates are less accurate.
Smoothing may also be applied on the obtained channel estimate and missing channel taps may be interpolated. To do so some optimized smoothing (and interpolation) filter  is used and

The aligned processing does not have any special requirements on the PLL for carrier frequency synthesis in the MTC device and can be implemented on standard hardware as it does not have any hard throughput constraints.

Observation 5: The general procedure is simple in terms of the method, but at the cost of an increased processing effort.

Proposal 1: Further study frequency hopping schemes for bandwidth extension improving the accuracy of TOA estimates.
Proposal 2: Investigate the technical implications and the impact on the estimation accuracy of employing overlapping and non-overlapping frequency hopping schemes for PRS signaling. 

Conclusions
Observation 1: A high observation bandwidth enables highly accurate timing estimates irrespective if the observations have been received in one signaling interval (one frame).
Observation 2: The absence of phase-stable PLL frequency synthesis for frequency hopping systems indicates that it may not be that simple to be implemented.
Observation 3: For RTT phase compensation has been achieved in practice, but at the cost of high channel capacity if applied to mobile networks.
Observation 4: The estimated channels in the overlapping region are systematically unequal, but similar enough if far away enough from the band edge (guard subcarriers).
Observation 5: The general procedure is simple in terms of processing method, but at the cost of an increased processing burden.

Proposal 1: Further study frequency hopping schemes for bandwidth extension improving the estimation accuracy.
Proposal 2: Investigate the technical implications and the impact on the estimation accuracy of employing overlapping and non-overlapping frequency hopping schemes. 
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