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Introduction
[bookmark: _Ref178064866]In RAN1#92, it was discussed in [1] and [2] that there may be potential performance issues of the current NPRS design in NB-IoT Rel-14. RAN4 is currently studying the performance of NPRS, and RAN4 did not identify any problems yet. Both [1] and [2] propose new NPRS designs to improve the performance of the NPRS. In this contribution, we shortly discussed the proposed designs in [1] and [2]. However, whether to introduce new NPRS designs should still depend on the results of RAN4 studies. If RAN4 identifies problem, then RAN1 can revisit the NPRS design. 
Discussion
Discussion on current proposals
As discussed in [1] and [2] that due to the NRPS search window and  shorter length of the NPRS sequence comparing to LTE PRS, the chance of having false correlation peaks of NPRS is higher than LTE PRS in some scenarios, e.g., in AWGN channel.  This problem is not so severe under some fading channels, e.g., EPA5 and EPA30 as discussed in RAN4 [3].  
Observation 1. [bookmark: _Ref510795375]Based on the currently RAN4 study, the performance of the current NPRS design is acceptable under some fading channels. 
However, as RAN4 is conducting further investigations, it is good for RAN1 to investigate this problem at the same time. If problems are identified by RAN4, RAN1 can quickly adapt the NPRS designs. 
Both [1] and [2] propose changes to the current NPRS sequence. However, since Rel-14 has been frozen for a long time, such changes may have significant impacts if there are UE vendors that are already implement OTDA based positioning based on the current Rel-14 NPRS sequence. 
Observation 2. [bookmark: _Ref510795385]None backward compatible changes should be introduced with cautions, especially at this late stage. 
In in [1] it is proposed that 
“
Change the Rel-14 NPRS sequence initialization to:


”.
We notice that the propose in [1] is totally not backward compatible. The idea behind the Rel-14 NPRS is that to maximize the synergy between the LTE PRS and NPRS. This not only makes the inband deployment easier but enables to reuse the implementations at both network and UE side. 
The solution proposed in [1] also has problem to make NPRS co-exist with PRS. As pointed out in [1], for inband deployment, the LTE PRS need to puncture the new NPRS when there is an overlap. This is not a desired situation, and the impact of such scenario was not studied in [1] at this moment.  
Furthermore, the proposed sequences in [1] do not use the rightmost bits (bit 1 to 9 from right). This creates colliding NPRS sequences in some scenarios. This is not desirable, as it increases the chance that the UE measures a wrong cell. 
The design in [2] proposed that “Design NPRS sequence with extended effective length to reduce the impact of false peak”. The NPRS design in [2] is as follows. 
“

where . 
”. 
Notice the design in [2] allows backward compatible configurations, as the first part of the sequence is the same as the legacy NPRS. However, the sequence initialization maybe have problem, since it generates c_init values larger than 31 bits. For example, consider K = 2, and value of,, the value of c_init is 2147956626, and represented by 1000 0000 0000 0111 0011 0111 1001 0010, but c_init is limited to 31 bits. 
Observation 3. [bookmark: _Ref510795398] The solution should not generate c_init values larger than 31 bits, and all generated values should be unique
 
 Proposed design 
From the above discussion, we can see the designs in both [1] and [2] have problems. Therefore, if RAN4 identifies the performance problem, we cannot directly adopt the designs proposed in [1] and [2]. Thus, in this section, we outline some new designs that can help to overcome the issues identified above. 
Recall that in TS36.211, 
“

The NPRS sequence  is defined by





where  is the slot number within a radio frame,  is the OFDM symbol number within the slot. The pseudo-random sequence  is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with





at the start of each OFDM symbol where  equals  unless configured by higher layers and where 




For an NB-IoT carrier which is configured for NPRS transmission, the reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference signal for antenna port  in slot  according to 



”.  

In Rel-14, in order to solve the PCI collision problem, new  was introduced with new  instead of the PCIDs. As  was carefully chosen, it is not desirable to modify the . Instead, we can modify the  part. This not only gives the benefits of have a backward compatible solution, but also generate longer NPRS sequences which give better correlation properties than the current NPRS. 
To be more specific, it is better to changing the mapping instead of the initialization of the sequence. That is redefine . 
The proposed solution utilize the unused symbols in the virtual 220 symbol PRS based on the SFN. The solution is shown in Figure 1 below.

 [image: ]
Figure 1: Proposed selection of symbols from 
The proposed design is based on the LTE PRS sequence and map the frequency domain sequence to the time domain. Therefore similar performance of the LTE PRS sequence can be expected, and at the same time it is backward compatible. 
We plot the normalized auto-correlation and cross-correlation of the current NPRS and proposed design in Figure 2 and Figure 3. The figures indicate the max value of the cross-correlation, which relates to the tolerated power before the interfering cell peak is stronger than the desired peak. From the cross-correlation results, we can see that the proposed design gives a more than 12 dB improvement compared to the current design. 
[image: ]
[bookmark: _Ref510523772]Figure 2 Auto-correlation and cross-correlation of the current design
[image: ]
[bookmark: _Ref510523778]Figure 3 Auto-correlation and cross-correlation of the proposed design
We further evaluate the solution by randomly selecting 180 NPRS_IDs, forming 180*(180-1)/2 combinations. The results are summarized in the table below, and the proposed solution indicates a gain of 12 dB on an average in comparison with the legacy solution when performing coherent combining. 
	Gain [dB]
	Legacy (coherent/non-coherent combining)
	Propsed
Coherent combining
	Proposed
non-coherent combining

	Mean
	10.12 dB
	22.3 dB
	13.9 dB

	Best case
	18.3 dB
	32.3 dB
	20.4 dB


Table 1: Performance with legacy and proposed method
Based on the simulation results and the observed drawbacks of [1] and [2], we propose the following:
Change resource mapping according to .

Conclusions
In this contribution, we motivate an NPRS design based on modifying the resource mapping. The contribution has the following observations and proposal. 
Observation 1 	Based on the currently RAN4 study, the performance of the current NPRS design is acceptable under some fading channels.
Observation 2 	None backward compatible changes should be introduced with cautions, especially at this late stage. 
[bookmark: _GoBack]Observation 3 	The solution should not generate c_init values larger than 31 bits, and all generated values should be unique
Proposal 1	Change resource mapping according to .
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