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1 Introduction
According to the revised WID [1], objectives on the narrowband positioning using OTDOA are listed as follows:

· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

Reusing legacy reference signals of NPSS/NSSS/NRS for NB-IoT downlink positioning is discussed in our companion contribution [2]. In this contribution, we will discuss the possible problems if LTE CRS/PRS design is reused for NPRS, and propose a new design for NPRS. In section 4, link-level simulation is presented for the proposed NPRS, and significant performance gains over NSSS can be observed.
2 Discussions on reusing LTE CRS/PRS design for NPRS
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Figure 1. RE pattern of LTE CRS/PRS

The RE pattern of LTE two-port CRS and PRS is shown in Figure 1. For a given cell with a PCI of 
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 in frequency domain. Then different REs will be used for two cells in each OFDM symbol, so the inter-cell interference of CRS/PRS can be reduced. However, if CRS and/or PRS design are reused for NPRS, there are some issues that will have an impact on the downlink positioning performance.
For reusing CRS design,
· The full transmit power in one subframe cannot be utilized, because only 4 OFDM symbols are occupied by CRS.
· Compared with PRS, the RE collision probability of CRS is higher because the reuse factor is 3.

· If RE collision occurs, the interference can’t be mitigated effectively by the quasi-orthogonal property of pseudo-random sequence as the number of REs is so small.

The bandwidth of NB-IoT is only 1 PRB. If a small number of subframes are allocated for positioning in each radio frame, the number of REs is too small to obtain sufficient orthogonality from the pseudo-random sequence.
· The allowed difference of arrival time for downlink positioning will decrease, because of the structure of discrete and uniformly-spaced RE distribution in frequency domain.
Observation 1: If CRS in 1 PRB is used for NPRS, the performance will be problematic due to the limited number of REs, low reuse factor, and the uniformly-spaced mapping of CRS REs in the frequency domain.
If the LTE PRS design is also used for NPRS, some of above issues for CRS can be overcome. But, a new issue will appear, i.e.
· High interference in the case of larger difference of arrival time of two cells

In the network deployment of NB-IoT, large cell size (e.g. ISD of 35km) and asynchonous network are considered, in which a larger difference of arrival time, e.g. around one OFDM symbol, will occur. In this case, OFDM symbols with different symbol indices for two cells will be overlapped, as shown in Figure 2. It can found that more REs will be collided between 2 cells, which will cause serious inter-cell interference.
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Figure 2. Illustration of inter-cell interference for the case of larger difference of arriving time
Moreover, the above interference cannot adequately be mitigated by the pseudo-random property of the PRS sequence. The reason is similar to CRS. The number of PRS REs in each subframe is only 16, and symbols on these REs will not change in different radio frames according to the sequence generation of PRS specified in TS36.211. It can be expected that the cross-correlation between PRSs of two cells will be very poor. In Figure 3, CDF of cross-correlation values of PRS symbol sequence in one subframe is shown, where the cross-correlation values is obtained between PRS with PCI=0 and PRS with other PCIs. It can be found that about 40% of cells have correlation value more than 0.25. That is to say, the signal of these cells will be lost in the residual interference if the signal power of these cells is only 6dB lower than the aggressive cell. The interference mitigation provided by the pseudo-random property of PRS is not effective.
[image: image5.emf]
Figure 3. Cross-correlation for LTE PRS

Observation 2: If LTE PRS design is used for NPRS, there is a high-interference problem in the case of large difference of arrival time of two cells.
Proposal 1: A new design should be introduced for NPRS.
3 The proposed design for NPRS
3.1 Design principles of NPRS

Based on the above discussions, design principles for NPRS are summarized as follows:

1) Support the frequency reuse factor of 6 within a subframe.
2) Occupy the whole bandwidth of one PRB by frequency hopping on different OFDM symbols.

3) Interference mitigation for the case of larger difference of arriving time.

Futhermore,

4) Interference avoidance to NRS

It is possible that, when a cell transmits an NPRS subframe, its neighbor cell is transmitting a subframe with NRS. It is expect that, by the proper design, the possible collision between NRS and NPRS can be avoided.
Proposal 2: For the new NPRS design, the following design principles should be taken into account.

· Support a frequency reuse factor of 6 within a subframe.

· Occupy the whole bandwidth of one PRB by frequency hopping on different OFDM symbols.

· Interference mitigation for the case of larger difference of arriving time.

· Interference avoidance to NRS.

3.2 RE pattern of NPRS
Firstly, all REs in one subframe are divided into 6 groups, where two REs per symbol are allocated to one group to support the reuse factor of 6. In each slot, REs {k, l} are divided into the nth group (
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where, 
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, k is the subcarrier index, l is the OFDM symbol index, and N = 7 denotes the number of OFDM symbols in each slot.
Based on equation (1), in each slot, all REs can be divided into 6 groups, except the REs in the last OFDM symbol. It can be found that, for any two RE groups, there are 6 different time spacings between their REs over all subcarriers, e.g. groups 5 and 4 are separated by 1 symbol on subcarrier 11, by 2 symbols on subcarrier 10, etc. Therefore, after assigning different RE groups to two neighbor cells, in the case of larg difference of time-of-arrival, we can minimize the number of REs of the groups that NPRS collide from the UE perspective.

For the last OFDM symbol in each slot, REs are divided into the 6 groups in order to make the RE mapping of each group in the last two OFDM symbols same as NRS, so that the interference from NPRS to neighbor cell’s NRS can be avoided by frequency shift.
The resulting RE grouping is shown in Figure 3, where the number in each box denotes the RE group.
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Figure 3. RE grouping for NPRS
(Number in each box denotes the group index)

 Proposal 3: NPRS is based on the design shown in Figure 3.
For NPRS on NB-IoT carriers operating in guard-band and standalone modes, the RE pattern defined above can be used directly. While for in-band mode, NPRS REs in PDCCH region and OFDM symbols carrying CRS can be punctured to obtain the proper RE pattern as shown in Figure 4. In Figure 4, PDCCH region with 3 OFDM symbols and 2-port CRS are demonstrated.
Proposal 4: For in-band operation, the NPRS pattern is punctured by LTE CRS, and in the OFDM symbols of the LTE control region.
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Figure 4. RE pattern for NPRS for inband mode
(Number in each grid denotes the group index)
3.3 Sequence generation for NPRS
For LTE PRS, QPSK symbols are mapped on each REs and generated by binary pseudo-random sequence, where the sequence generator is initialized with 
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. The resulting bits will be same for OFDM symbols with same l and ns in all radio frames. For LTE PRS, in each radio frame, at least 6 PRBs will be occupied in frequency domain and continuous 1, 2, 4 or 6 subframes can be allocated for each positioning occasion in time domain. The number of REs is sufficient that PRSs with same RE pattern can be differentiated by the pseudo-random sequence which depends on the cell ID.
However, as discussed for CRS and PRS design in section 2, due to the limited number of REs for NPRS, the quasi-orthogonality of pseudo-random sequence will become problematic. In order to enhance quasi-orthogonality for the sequence generation for NPRS, it is suggested to make the bit sequence random for multiple continuous radio frames, e.g. by introducing the index of radio frame into the initialization seed 
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where, 
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, K defines the periodicity of sequence generation in the number of radio frames.
Proposal 5: The radio frame index is added into the initialization seed of the sequence generator for NPRS to enhance the quasi-orthogonality of NPRS.
For further details of the configurations of NPRS, see [3].
4 Performance comparison
In this section, the timing error performances for NSSS and NPRS in an interference scenario are shown, which is copied from [2]. Two interference power levels are considered, where signal to interference ratios of 0dB and -10dB are assumed. The number of subframes to be processed at the receiver is assumed same for NSSS and NPRS, and 120 subframes are used. For more detailed simulation assumptions, please refer to [2]. CDF curves of the timing error of the victim (i.e serving) cell are shown in Figure 5 and 6. It can be found that better timing error performance can be achieved by NPRS. The performance gap will become large when the interference power level increases. It means that NPRS has better robustness against inter-cell interference.
Observation 3: The new NPRS design has good robustness against inter-cell interference.
[image: image15.emf]
Figure 5. CDF of timing error of victim cell (SIR = 0dB)

[image: image16.emf]
Figure 6. CDF of timing error of victim cell (SIR = -10dB)
5 Conclusions
In this contribution, we discuss about the design of downlink positioning reference signal for NB-IoT. Based on the analysis, we propose the following:
Observation 1: If CRS in 1 PRB is used for NPRS, the performance will be problematic due to the limited number of REs, low reuse factor, and the uniformly-spaced mapping of CRS REs in the frequency domain.
Observation 2: If LTE PRS design is used for NPRS, there is a high-interference problem in the case of large difference of arrival time of two cells.
Proposal 1: A new design should be introduced for NPRS. 
Proposal 2: For the new NPRS design, the following design principles should be taken into account.

· Support a frequency reuse factor of 6 within a subframe.

· Occupy the whole bandwidth of one PRB by frequency hopping on different OFDM symbols.

· Interference mitigation for the case of larger difference of arriving time.

· Interference avoidance to NRS.

Proposal 3: NPRS is based on the design shown in Figure 3.

Proposal 4: For in-band operation, the NPRS pattern is punctured by LTE CRS, and in the OFDM symbols of the LTE control region.

Proposal 5: The radio frame index is added into the initialization seed of the sequence generator for NPRS to enhance the quasi-orthogonality of NPRS.

Observation 3: The new NPRS design has good robustness against inter-cell interference.

References

[1] RP-161901, “New work item proposal: Enhancements of NB-IoT”, Huawei, HiSilicon, RAN#73, New Orleans, USA, September 2016.
[2] R1-1608617, “On reusing existing downlink signals for NB-IoT downlink positioning”, Huawei, HiSilicon, RAN1#86bis, Lisbon, Portugal, October 2016.
[3] R1-1608619, “Configuration of downlink positioning reference signal for NB-IoT”, Huawei, HiSilicon, RAN1#86bis, Lisbon, Portugal, October 2016.
_1535349217.unknown

_1535695801.unknown

_1536555522.unknown

_1535694179.unknown

_1535694821.unknown

_1535301052.unknown

_1535301093.unknown

_1535285367.unknown

_1311596013.unknown

