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Introduction
[bookmark: _Ref178064866]In RAN1#92b, it was discussed in [1] and [2] that there may be potential performance issues of the current NPRS design in NB-IoT Rel-14. In RAN4 LS reply [4], RAN4 identified the performance issue of the NPRS design in Rel-14 NB-IoT in some scenarios, and RAN4 asked RAN1 to improve the design. In RAN1#92b, RAN1 made the following agreements that

“
A new NPRS sequence should be designed
· Working assumption: The new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration 

”. 

In this contribution, we further discussed the proposed designs in [1] [2], and [3]. 
Discussion
Discussion on current proposals
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 OTDOA based positioning based on the current Rel-14 NPRS sequence. 
Observation 1. [bookmark: _Ref510795385]None-backward compatible changes should be introduced with cautions, especially at this late stage. 
In [1] it is proposed that 
“
Change the Rel-14 NPRS sequence initialization to:


”.
We notice that the propose in [1] is not backward compatible at all. 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. Therefore, in order to be backward compatible, the cell needs to send two sets of non-overlapping NPRS sequences. This can be challenging if long NPRS transmission is needed to reach deep coverage. 
The solution proposed in [1] also has a 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.  
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 may have problems, 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 2. [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, in [3] a new NPRS sequence design without changing the c_init is proposed as follows. 
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 inband NPRS and proposed design in Figure 1, 2 and 3. Specifically, subframe 1 (ns=1,2) is combined 16 times for SFN = 0,1,…,15. When calculating m’ according to TS36.211 it is assumed that n’_PRB = 0 and ñ = 1. The figures indicate the max value of the cross-correlation (also denoted cross correlation gain), which relates to the tolerated power before the interfering cell peak is stronger than the desired peak. The current standard has a cross-correlation gain of -11.878 dB while the proposed design has a gain of -14.773 dB (non-coherent) and -23.627 dB (coherent) respectively. Note that coherent and non-coherent combining of the current standard produce the same results since each 16 frames generate the same NPRS.
[image: ]
[bookmark: _Ref510523772]Figure 1 Auto-correlation and cross-correlation of the current design
[image: ]
[bookmark: _Ref510523778]Figure 2 Auto/cross-correlation (coherent combining) of the proposed design

[image: ]
Figure 3 Auto/cross-correlation (non-coherent combining) of the proposed design

We further compare the cross correlation gains among a significant subset of possible pairs of NPRS sequences proposed in [1], [2] and [3].  Specifically, 180 NPRS_IDs are chosen randomly from {0,1,…,4095}, which corresponds to 16110 NPRS_ID pairs, and cross-correlation gains are calculated for each of these pairs. Combining of subframe 1 is done using same values for n’_PRB and ñ as above. For the cases where [2] produce a 32-bit initialization number, the leading bit is discarded and c_init is taken as the rest 31 bits. Results are summarized in Table 1, and Table 2 contain the NPRS_ID pairs corresponding to the worst-case gains.

Table 1 Coherent (c) and non-coherent (nc) cross correlation among 16110 randomly selected NPRS sequences pairs
	Gain [dB]
	Current (c/nc)
	Proposed c
	Proposed nc
	[2] c
	[2] nc
	[1] c
	[1] nc

	Mean
	-10.907
	-22.931
	-14.963
	-22.900
	-14.967
	-22.900
	-14.952

	Mean+st.dev
	-9.042
	-20.929
	-13.357
	-20.666
	-13.334
	-20.507
	-13.295

	Worst case
	0
	-13.704
	-6.013
	-2.843
	-2.842
	0
	0

	Best case
	-16.196
	-29.545
	-18.056
	-29.054
	-18.043
	-29.147
	-18.029



Table 2 NPRS_ID pairs corresponding to the worst-case cross-correlation gains
	Worst case 
	Current (c/nc)
	Proposed c
	Proposed nc
	[2] c
	[2] nc
	[1] c
	[1] nc

	NNPRS_ID pair
	(1846,3382)
	(63,3135)
	(753,3825)
	(1054,2590)
	(1054,2590)
	(1054,2590)
	(1054,2590)



From the evaluations, we can first observe how the current solution has 0dB correlation gain in the worst case. This is explained by that the current solution generates the same PRS symbols for two NPRS-IDs, namely ID 1846 and 3382, this further motivates the need of extending the NPRS sequences. We can also see that the designs in [1] and [2] can generate sequences with high correlation, as seen in the “worst case” row. Such high correlation is not desirable, as it may cause problems for the UE to measure the desired cell. In terms of mean, standard deviation and best case, all three proposals have very similar gains. However, the proposal given in this report outperforms the others in the worst case with more than 10 dB when doing coherent combination.
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 	None-backward compatible changes should be introduced with cautions, especially at this late stage. 
Observation 2 	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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