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1. Introduction
[bookmark: _Ref421460494]In RAN1 #92bis meeting, we have the following RAN1 agreement as:
Agreement:
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 paper, we propose to design an extended NPRS sequence with simple modification with consideration of its backward compatibility with the legacy NPRS.
2. Legacy Rel-14 NPRS 
From 10.2.6A.1 of TS 36.211, the NPRS sequence is generated based on Gold sequence over wide bandwidth. As shown in Figure 1, the wideband PRS and narrowband PRS (NPRS) for NB-IoT in LTE Rel-14 is illustrated. The design of NB-IoT NPRS to follow the same scrambling structure as PRS was to facilitate reuse of PRS waveform by NB-IoT UEs.
[image: ]
(a) Wideband PRS
[image: ]
(b) Narrowband PRS
Figure 1 Wideband PRS vs. NPRS


The NPRS sequence  is defined by [1]





where  is the slot number within a radio frame,  is the OFDM symbol number within the slot. The pseudo-random sequence  is initialised with





at the start of each OFDM symbol where  equals  unless configured by higher layers and where 
Figure 2 illustrates a PRB with a mapping pattern of in-band NPRS for one and two PBCH antenna ports. The first 3 symbols are used for PDCCH. The CRS REs are punctured in the NPRS pattern. There will be some increase in # of REs in guardband/standalone deployment. But in general, NB-IoT utilizes only 14 to 28 resource elements for in-band / guardband / standalone, whereas LTE utilizes 1400 resource elements if operating at 20MHz. Less NPRS REs makes it more difficult for the NB-IoT UE to calculate the appropriate gain for the PRS measurements. 

[image: ]
Figure 2 Inband NPRS with NPBCH
Furthermore, the NPRS over one PRB is only the truncated Gold sequence with much shorter length. The poor cross-correlation property due to the short length also makes the NB-IoT UEs vulnerable to detecting false peaks from colliding PRS. In a subframe configured for NPRS transmission, the starting positions of the OFDM symbol with NPRS uses the initial seed for PRS sequence changes every symbol, but reset every radio frame, which is not enough averaging to suppress the false peaks even after observing a large number of NPRS subframes, as the false peak magnitude decreases with the length L of the PRS sequence approximately by 1/sqrt(L).
3. Proposed NPRS enhancement
3.1 New NPRS with long sequence
In order to improve the RSTD accuracy of NPRS, we propose to increase effective PRS sequence length in NPRS transmission. If the long NPRS sequence across different radio frame, a false peak position from the poor cross correlation in certain NPRS sequence pair can be suppressed by averaging over a large number of different PRS sequence pairs to achieve higher PRS sequence diversity across time. We consider the backward compatible configurations, as the first part of the sequence is the same as the legacy NPRS.
Proposal1: Confirm the working assumption
· The new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration 

In previous RAN1 meeting, we have two possible alternatives to extend effective length of NPRS:
Alt1: modify the initialization seed  [2]
The legacy scrambling sequence use the slot number, reset every radio frame (or every 20th slot). In order to increase the effective length, we use an extended slot number that resets every radio frames of  ( is the number of subframes for enhanced NPRS, configured by higher layer) to allow larger set of PRS sequences across time for each NB-IoT cell. For example, by using the extended slot number that resets every 160 subframes, , the total number of PRS sequences used for RSTD measurement can be increased from 80 to 1280 when UE measures 160 or more number of NPRS subframes at each NPRS occasion. The pseudo-random sequence  is defined in clause 7.2 [1]. The pseudo-random sequence generator shall be initialised with [2]


In Rel-14, the  was introduced with new  instead of the PCIDs to avoid the PCI collision. In Alt1, the part related to   is not changed. For the time information, when NPRS of multiple cells collide at the same subframe with same  , each cell still has unique NPRS sequence and there will be no ambiguity by taking 31-bit LSB of . 


Alt2: modify the resource mapping  [3]




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 [4], it was proposed to change the mapping as .  However, the network can configure max 5 carriers for NPRS within the system bandwidth. The selected 5 carriers for NPRS in the frequency domain at the same time will result in repetition of partial new NPRS sequences by using the proposed mapping, which will limit the performance improvement.

Considering the possibility of multi-carrier NPRS, we slightly prefer Alt1 to increase the effective NPRS length. 
Proposal 2: Design the enhanced NPRS sequence by modifying the initialization seed as

Proposal 3: Agree the TP for TS36.211 in Appendix.

3.2 Configuration for enhanced NPRS
In order to be backward compatible with the wideband PRS, eNB could fall back to the legacy PRS sequence at the NPRS occasion colliding with wideband PRS occasion. Legacy NB-IoT UEs who do not understand/support the new NPRS sequence periodicity shall still be supported. The ‘new’ UEs may optionally receive both legacy and new NPRS configurations. Similar with the parameters in NPRS-Info-r14, we should define ,  and for enhanced-NPRS-Info-r14 as well.
· : new NPRS periodicity
· : new NPRS starting subframe offset
· : new NPRS duration in terms of subframes satisfying


Figure 3 illustrates the legacy NPRS and new NPRS. Note that the UE is not expected to be configured with overlapped NPRS between the NPRS configured by NPRS-Info-r14 and that of enhanced-NPRS-Info-r14.
[image: ]
Figure 3 New NPRS backward compatible with legacy NPRS

Proposal 4: Send in LS to RAN2 about the configuration of enhanced NPRS.

4. Performance evaluation
In this section, we evaluate the performance of the proposed new NPRS by modifying the initialization seed as in Alt1 in Sect. 3.1 assuming AWGN and fading channels, respetively.
4.1.1 AWGN
Figure 4 shows the CDF of RSTD error by using NPRS with different length under AWGN channel. It is shown that 10Ts ~ 20Ts of the accuracy improvement can be achieved both in normal and enhanced coverage scenarios by allowing up to 160ms NPRS with 16 different PRS sequence sets across radio frames, i.e., using the extended slot number that resets every 16 radio frames. A substantial gain is observed from increasing the scrambling sequence length, especially from 10ms to 40ms. Further increasing to 160ms provides further marginal gains.
     [image: ]
(a) Normal coverage (neighbor cell1 on left, neighbor cell2 on right)
[image: ]
(b) Enhanced coverage (neighbor cell1 on left, neighbor cell2 on right)
Figure 4 CDF of RSTD measurement accuracy of colliding PRS scenario (AWGN) 
4.1.2 Fading
RSTD measurement accuracy in the fading channel depends not only on the cross-correlation property across different cells but also on the individual fading channel realization from each cell. Figure 5 shows the CDF of the RSTD measurement accuracy in EPA1 fading channel for different NPRS cell IDs for normal coverage scenarios. It is shown that the amount of RSTD measurement accuracy degradation in the fading channel varies across different cell ID tuples. For the cell ID tuples of (0,132,12) and (0,162,12), the colliding PRS configuration is shown to suffer from up to 15Ts of the RSTD accuracy loss compared to the non-colliding scenario, which can be fully recovered by increasing the set of NPRS sequences used across radio frames (ever 80ms). 
[image: ][image: ]
(a) Cell_IDs = (0,6,12)                                                                  (b) Cell_IDs = (0,132,12)
[image: ]
(c) Cell_IDs = (0,162,12)
Figure 5. CDF of RSTD measurement accuracy of colliding PRS scenario in normal coverage (EPA1)

Similar simulation is also shown in Figure 6 for EPA5 fading channel under different coverage levels. It is shown that in both coverage levels, increasing the set of NPRS sequences used across radio frames, denoted as “new” with length of 80ms, can provide a superior RSTD measurement accuracy performance. 
[image: ]
(a) Cell_IDs = (0,132,12)
[image: ]
(b) Cell_IDs = (0,162,12)
Figure 6. CDF of RSTD measurement accuracy of colliding PRS scenario 
in normal/enhanced coverage (EPA5)
Observation:
· Proposed NPRS sequence by increasing the scrambling sequence length achieves substantial gain both in AWGN and Fading channels. 

5. Conclusion
In this paper, we investigated the RSTD performance by using the legacy NPRS sequence. Based on the following observations, we propose to consider the NPRS improvement for Rel-14 NB-IoT UEs.
Proposal1: Confirm the working assumption
· The new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration 
Proposal 2: Design the enhanced NPRS sequence by modifying the initialization seed as

Proposal 3: Agree the TP for TS36.211 in Appendix.
Proposal 4: Send in LS to RAN2 about the configuration of enhanced NPRS.
Based on performance evaluation:
Observation:
· Proposed NPRS sequence by increasing the scrambling sequence length achieves substantial gain both in AWGN and Fading channels. 

References
[1] TS36.211
[2] R1-1804896, “On NPRS performance,” Qualcomm, 3GPP TSG-RAN1 #92bis
[3] R1-1804167, “On NPRS performance,” Ericsson, 3GPP TSG-RAN1 #92bis


Appendix: Text Proposal for TS 36.211
10.2.6A	Narrowband positioning reference signal (NPRS)
< Unchanged parts are omitted >
[bookmark: _Toc454818080]10.2.6A.1	Sequence generation
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. If NPRS-Info-r14 is configured by higher layer, theThe pseudo-random sequence generator shall be initialised with

at the start of each OFDM symbol where  equals  unless configured by higher layers and where  
If enhanced-NPRS-Info-r14 is configured by higher layer, the pseudo-random sequence generator shall be initialised with

at the start of each OFDM symbol where   is the higher layer configured subframe number of enhanced NPRS duration,  equals  unless configured by higher layers and where 

10.2.6A.2	Mapping to resource elements



On a NB-IoT DL carrier configured for NPRS transmission, an NB-IoT UE can assume NPRSs are transmitted in DL subframes configured by all higher layer parameters nprsBitmap, the NB-IoT carrier-specific subframe configuration period  the NB-IoT-carrier-specific starting subframe offset  and the number of consecutive downlink subframes  where NPRS shall be transmitted. 



-	If ,  and  are not configured for an NB-IoT downlink carrier configured for NPRS transmission, an NB-IoT UE shall assume NPRSs are transmitted in downlink subframes configured by higher layer parameter nprsBitmap. 



-	If nprsBitmap is not configured for an NB-IoT downlink carrier configured for NPRS transmission, an NB-IoT UE shall assume NPRSs are transmitted in downlink subframes configured by the higher layer parameters ,  and .
-	If the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to in-band, the higher layer parameters nprsBitmap shall be configured.





-	If ,  and  are configured, the NPRS instances in the first subframe of the  downlink subframes, shall satisfy .
If higher layer parameter nprsBitmap is not configured, resource elements in OFDM symbols 5 and 6 in each slot shall not be used for transmission of NPRS.
The UE is not expected to be configured with overlapped NPRS between the NPRS configured by NPRS-Info-r14 and that of enhanced-NPRS-Info-r14.
< Unchanged parts are omitted >
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