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Introduction
[bookmark: _Ref421460494]3GPP TS 36.211 Release 14 introduced an OTDOA-based positioning for NB-IoT that specifies an NB-IOT UE is able to perform a location determination based on PRS transmitted on a single PRB. Underlying PRS sequence design in NB-IoT remains largely the same as wideband LTE, except for some increase in # of REs in guardband/standalone deployment. Because of using a single PRB transmission to calculate location, NB-IoT positioning generally suffers from poor accuracy due to insufficient processing gain. 
In this paper we investigate the poor RSTD performance by using Rel-14 NPRS, especially in colliding scenarios. Based on the observations, we propose to design an extended NPRS sequence with simple modification with consideration of its backward compatibility with the legacy NPRS.
1. NPRS Performance
1.1 Rel-14 NPRS for NB-IoT
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).
1.2 Performance evaluation
Table 1 compares the RSTD performance (90%-CDF of RSTD measurement accuracy [2]) in non-colliding vs. colliding NPRS scenarios for different coverage cases, respectively. Table 1(a) illustrates the colliding and non-colliding PRS scenarios for ‘normal’ coverage, e.g., (SNRserving, SNRneighbor1, SNRneighbor2)=(-6,-13,-13)dB for non-colliding, and (SNRserving, SNRneighbor1, SNRneighbor2)= (-5.45,-11.75,-11.75)dB for colliding. Table 1(b) is the case for ‘enhanced’ coverage, e.g., (SNRserving, SNRneighbor1, SNRneighbor2)=(-15,-15,-15)dB for non-colliding, (SNRserving, SNRneighbor1, SNRneighbor2)=(-14.7,-14.7,-14.7)dB. Considering that the measurement accuracy could vary by 5~10Ts [2], it will take up to 320 NPRS subframes to achieve RSTD accuracy of approximately 20Ts in normal coverage areas for non-colliding PRS scenarios.
These tables also show the vulnerability of existing NPRS sequence design to the colliding PRS scenario (due to the poor cross-correlation property).  For the same number of NPRS subframe observations and the same effective SINR conditions, colliding PRS scenario suffers from 15~20Ts worse RSTD accuracy than non-colliding PRS due to false peaks. Increasing NPRS subframes to 640ms in colliding PRS scenario still cannot provide the RSTD accuracy performance comparable to that of the non-colliding PRS scenario of the same effective SINR with NPRS subframes of 320ms.
Table 1 
(a) Normal coverage 
	PRS Config
	Number of NPRS Subframes Observed

	
	40
	80
	160
	320
	640

	Non-colliding
	37.88Ts
	24.03Ts
	17.04Ts
	12.22Ts
	8.53Ts

	Colliding
	43.94Ts
	37.01Ts
	32.75Ts
	29.57Ts
	27.14Ts


 (b) Enhanced coverage 
	PRS Config
	Number of NPRS Subframes Observed

	
	40
	80
	160
	320
	640

	Non-colliding
	314.08Ts
	54.44Ts
	33.33
	23.64Ts
	16.47Ts

	Colliding
	266.14Ts
	61.16Ts
	45.79Ts
	36.79Ts
	31.81Ts



Observation1:
· Colliding PRS scenario results in much worse RSTD measurement accuracy compared to the non-colliding PRS scenario of the same effective SINR.
· The existing NPRS sequence with 1 frame repetition is vulnerable to detecting false peaks and the RSTD measurement accuracy is substantially worse in the colliding PRS scenario.
· Increasing NPRS subframes to 640ms in colliding PRS scenario still cannot provide the RSTD accuracy performance comparable to that of the non-colliding PRS scenario of the same effective SINR with NPRS subframes of 320ms.
2. Proposed Enhancement
2.1 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.
Instead of using the slot number ns which resets every radio frame (or every 20th slot), the network can use an extended slot number that resets every K radio frames (K>1) 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 16 radio frames, , 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. Modified  for NPRS sequence is given by



where . 

Proposal1:
· Design NPRS sequence with extended effective length to reduce the impact of false peak.

For inband deployment, the NPRS could be part of the wideband PRS transmission, which does not use the new longer PRS sequence periodicity. 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. As illustrated in Figure 3, there are two options to configure the coexistence of new NPRS with legacy NPRS. 
Option 1 in Figure 3(a) configures the legacy NPRS as part of the new NPRS with longer length. The legacy NB-IoT UE is signalled to use only a fraction of NPRS occasions that employs the legacy PRS sequences, while a UE supporting the longer PRS sequence is signalled to use the entire NPRS occasion. 
Option 2 in Figure 3(b) configures the multiplexing of legacy NRPS and new NPRS in TDM manner. The legacy NB-IoT UE and the UE supporting longer PRS sequence are signalled by positioning server with different subframe offset and duration, respectively. The ‘new’ UEs may optionally receive both legacy and new NPRS configurations.
Both options rely on the UE conveying the capability of new scrambling sequence to the positioning server, based on which the positioning server adjusts the assistance information.
[image: ]
(a) Option 1
[image: ]
(b) Option 2
Figure 3 Backward compatibility with legacy NB-IoT UEs
Proposal2:
· Consider the two options for new NPRS backward compatible with legacy NPRS.
· Opt1: Configure legacy NPRS as part of new NPRS with longer length
· Opt2: Configure legacy NPRS and new NPRS in TDM manner


2.2 Performance gain
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 in 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: ]
[bookmark: _GoBack]Figure 4 Colliding NPRS in enhanced coverage

Observation2:
· Proposed NPRS sequence by increasing the scrambling sequence length from 10ms to 40ms achieves substantial gain. 
· Proposed NPRS sequence with 160ms provides ~15Ts 90-percentile RSTD accuracy improvement.
3. 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.
Observation1:
· Colliding PRS scenario results in much worse RSTD measurement accuracy compared to the non-colliding PRS scenario of the same effective SINR.
· The existing NPRS sequence with 1 frame repetition is vulnerable to detecting false peaks and the RSTD measurement accuracy is substantially worse in the colliding PRS scenario.
· Increasing NPRS subframes to 640ms in colliding PRS scenario still cannot provide the RSTD accuracy performance comparable to that of the non-colliding PRS scenario of the same effective SINR with NPRS subframes of 320ms.
Proposal1:
· Design NPRS sequence with extended effective length to reduce the impact of false peak.
Proposal2:
· Consider the two options for new NPRS backward compatible with legacy NPRS.
· Opt1: Configure legacy NPRS as part of new NPRS with longer length
· Opt2: Configure legacy NPRS and new NPRS in TDM manner

Observation2:
· Proposed NPRS sequence by increasing the scrambling sequence length from 10ms to 40ms achieves substantial gain. 
· Proposed NPRS sequence with 160ms provides ~15Ts 90-percentile RSTD accuracy improvement.
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