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1 Introduction
In RAN1#86bis, the following agreements were made [1]:
Agreement:

· Introduce a new positioning reference signal for OTDOA in NB-IoT

· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.

Working assumptions:

· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 

· FFS: With additional REs in guard-band and standalone operation modes

· FFS: Increased density per cell according to coverage

· NB-IoT PRS do not occur in a subframe containing

· NPDCCH

· NPDSCH

· NPBCH

· NPSS/NSSS

In this contribution, remaining details about the signal design of NPRS will be discussed, including the RE pattern for guard-band and standalone modes, and sequence generation of NPRS.
2 RE pattern of NPRS for guard-band and standalone modes
For guard-band and standalone operation modes, there is no need for NPRS to consider the collision with LTE CRS and PDCCH. REs can be added to the pattern in some of the locations corresponding to CRS and also in some REs of the LTE control region which give an approximately diagonal NPRS pattern. This allows adding 6 more OFDM symbols to the pattern, with around 10*log10(14/8) = 2.43dB gain, which will improve the performance of OTDOA. This will tend to reduce the time required for UE measurements to achieve a particular accuracy, leading to improved device power consumption, quicker positioning estimates, and better ability to track moderate motion. A suggested RE pattern for guard-band and standalone is shown in Figure 1, where REs represented by pale red boxes are used for NPRS additionally to obtain a general diagonal pattern. The subcarrier location in OFDM symbol 0 is chosen so that the two slots have the same pattern.
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Figure 1. RE pattern of NPRS for guard-band and standalone mode for 
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A simulation is performed to verify the performance gain for the suggested RE pattern. In the simulation, one subframe per 10 ms is assumed for NPRS transmission and EPA channel is considered. CDF curves of absolute timing estimation error for 164 dB MCL for guard-band mode are shown in Figure 2 and detailed results are summarized in Table 1, where LTE PRS RE pattern and the RE pattern in Figure 1 are compared. From the simulation results, it can be observed that, compared with only the LTE PRS RE pattern, the time to achieve the same accuracy is halved.
Observation 1: If all OFDM symbols in one subframe are used for NPRS, the required number of NPRS subframes will be reduced.
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Figure 2. CDFs of absolute ToA estimation error for NPRS with and without additional REs

Table 1.
Comparison of LTE PRS RE pattern and the suggested RE pattern

	
	Absolute timing estimation error @ 90%
	Time required

	RE pattern in Fig.1
	0.20us
	600ms

	LTE PRS RE pattern
	0.26us
	1200ms


Proposal 1: All OFDM symbols in a positioning subframe contain NPRS for guard-band and standalone operation modes. The NPRS pattern for guard-band and standalone is as shown in Figure 1.
Proposal 2: The vertical position of the pattern in Figure 1 is cyclically offset according to 
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It is FFS whether to increasing the density of NPRS REs according to coverage, and it is suggested this might improve the performance of ToA estimation. However, increasing the RE density will raise the inter-cell interference, which is a significant factor influencing the accuracy of positioning. Moreover, if variable RE density is supported for NPRS, it will be difficult to make use of LTE PRS in a transparent way for NB-IoT DL positioning. Therefore, for NPRS, it should not be supported to increase the density per cell according to coverage.
Proposal 3: For NPRS, it is not supported to increase the density per cell according to coverage.

3 Sequence generation of 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, due to single PRB and few subframe per radio frame as indicated by the indication of part A, the number of REs for NPRS is quite small, which will degrade the quasi-orthogonality of pseudo-random sequence. Cross-correlation of NPRS in one subframe between any two cells with different PCI but same vshift is shown in Figure 3, where vshift =  
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 mod 6, and the sequence generation of NPRS follows that of PRS specified in TS36.211. 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 6 dB lower than the aggressive cell.
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Figure 3. Cross-correlation of NPRS in one subframe between two different cells with same vshift.
In order to improve sequence orthogonality, 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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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot. 
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, K defines the periodicity of sequence generation in the number of radio frames. When 
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 is equal to 147. Therefore, 
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 is set to 147, so that unique initialization seed will be used in each OFDM symbol in each period of K radio frames.
Proposal 4: SFN is introduced into the initialization seed of the sequence generator for NPRS to enhance the orthogonality properties of NPRS.
4 Conclusions
In this contribution, optimized RE pattern of NPRS for guard-band and standalone modes and sequence generation are discussed. Based on the analysis, we propose the following:
Observation 1: If all OFDM symbols in one subframe are used for NPRS, the required number of NPRS subframes will be reduced.

Proposal 1: All OFDM symbols in a positioning subframe contain NPRS for guard-band and standalone operation modes. The NPRS pattern for guard-band and standalone is as shown in Figure 1.
Proposal 2: The vertical position of the pattern in Figure 1 is cyclically offset according to 
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Proposal 3: For NPRS, it is not supported to increase the density per cell according to coverage.
Proposal 4: SFN is introduced into the initialization seed of the sequence generator for NPRS to enhance the orthogonality properties of NPRS.
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