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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the revised WID [1], objectives on narrowband positioning are listed as follows:
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact
· UTDOA positioning is supported under the following conditions:
· It uses an existing NB-IoT transmission
· It can be used by Rel-13 UEs
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1
· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification

In this contribution, the reuse of existing signals for NB-IoT downlink positioning is discussed.
[bookmark: _Ref462753129]Comparison of existing signals for downlink positioning
By reusing existing signals for downlink narrowband positioning, the implementation of baseband processing can be kept almost unchanged for NB-IoT UE, which helps maintain the low UE complexity. In Rel-13 NB-IoT, there are several signals and channels which could be reused for downlink positioning, such as NPSS, NSSS and NRS. Those signals will be studied in the rest of the paper.
1.1 Evaluation aspects
To evaluate the suitability of an existing NB-IoT downlink signal for positioning, the following aspects should be considered.
1) NB-IoT UE should be able to uniquely identify each of multiple cells to be measured.
2) Better performance is expected for a signal with a higher density of occupied REs.
3) In case coarse timing is already obtained by NB-IoT UE, processing complexity of measurement for positioning can be reduced if the positioning signal is more concentrated in the time-domain.
1.2 Identification of measured cells
In Rel-13 NB-IoT, a single waveform is used for NPSS to reduce the complexity of timing synchronization, which is implemented by sliding cross-correlation between received signal and each local waveform. However, it means that NPSS is not able to identify different cells.
In contrast, NSSS for different cells consists of Zadoff-Chu sequences with different roots, which are then covered by different Hadamard sequence. Due to the good cross-correlation property between NSSS sequences, different PCIDs can be reliably distinguished with NSSS.
The pseudo-random sequence for NRS is generated based on PCID, which means different NRS sequence is used by different cells. However, the cross-correlation property between pseudo-random sequences is not as good as that between NSSS sequences, especially considering short sequences with the length of 12 are used for NRS. However, the allocation of time-frequency resource for NRS is different among six cells with different values of PCID modulo 6, which helps, to some extent, identify different cells with NRS.
Generally speaking, NSSS and NRS can both identify different cells, while NPSS cannot due to the single sequence design.
1.3 Density of available resources
There are two and one subframes allocated to NPSS and NSSS every 20 ms, respectively. In each subframe carrying a synchronization signal, 11 symbols are used with 12 subcarriers per symbol. Consequently, the number of available REs is 132 per subframe for NPSS and NSSS. 
For NRS, the number of available REs depends on the number of ports and the valid subframe configuration if presented. The minimum number of available REs is calculated assuming subframes other than #0/4/5/9 indicated as invalid in-band, while the maximum number can be obtained with all subframes indicated as valid.
The numbers of available REs every 20 ms for NPSS, NSSS and NRS are listed in Table 1. According to Table 1, it is seen that NPSS has the largest number of available REs in most cases.
[bookmark: _Ref461957497]Table 1  Number of available REs for NPSS/NSSS/NRS in 20ms period
	
	NPSS
	NSSS
	1-port NRS
	2-port NRS

	Available REs in 20ms period
	242
	132
	40 ~ 136
	80 ~ 272



1.4 Distribution of allocated resources
For NPSS and NSSS, signal transmission is concentrated in two and one subframes every 20 ms, respectively. The concentrated distribution of allocated resources helps reduce the processing complexity for NB-IoT UE with extended and extreme coverage level.
NRS only occupies a few REs in valid downlink subframe. Moreover, NRS exists only in a certain set of subframes, including valid DL subframes, and although this will typically be the majority of DL subframes, it nevertheless depends on configuration and to change it requires system information updates for valid subframe configurations. In case of already-good configurations, UEs with good coverage can finish positioning measurements quickly. But for UEs in extended and extreme coverage conditions, to achieve similar positioning performance, more subframes should be processed, which will increase the power consumption of UE.
1.5 Summary
According to the above analysis, three aspects of suitability of NPSS, NSSS and NRS for NB-IoT downlink positioning are summarized in Table 2. The most important requirement is that multiple cells should be able to be reliably distinguished for the calculations of time differences of arrival (TDOA). Consequently, NPSS is not a good choice for positioning signal. The cross-correlation properties of NRS are not as good as NSSS. On the other hand, NRS configurations are not particularly designed with positioning in mind, meaning that positioning based on NRS would tend to drive otherwise-unnecessary cell SI re-configurations. In conclusion, NSSS is more appropriate for NB-IoT downlink positioning. If further improvement for positioning accuracy is expected, NRS can be additionally considered.
Table 2	Summary of evaluations for NPSS/NSSS/NRS
	
	NPSS
	NSSS
	NRS

	Identification of multiple cells
	Poor
	Good
	Medium

	Number of available REs
	Most
	Medium
	Medium, can be small

	Concentrated transmission
	Yes
	Yes
	No



Observation 1: For OTDOA based NB-IoT positioning, if reusing existing NB-IoT signals, NSSS is better than NPSS or NRS.
Discussions of reusing NSSS for downlink positioning
According to the analysis in section 2, NSSS is more suitable for downlink positioning compared to other existing signals. However, there are still some concerns on reusing NSSS as the downlink positioning signal.
1.6 Non-configurable positioning latency performance
The period of NSSS is fixed as 20 ms, which cannot be changed according to the requirement of positioning. The latency performance can hardly be improved if only NSSS is used for NB-IoT downlink positioning. It may be a problem for some applications requiring the support of high mobility (e.g., logistics tracing). If it takes a long time to finish the RSTD measurement, UE may already move tens of meters away from the location where positioning triggered. In this case, poor positioning accuracy is expected. The problem also exists for other existing signals, such as NPSS and NRS.
1.7 Inter-cell interference impact on positioning
Though NSSS has been designed with good cross-correlation property between different cells, which is the key to good synchronization performance, the inter-cell interference may still be a problem for the performance of RSTD measurement due to the near-far effect. For downlink positioning, UE has to measure downlink positioning signals from several neighboring cells. As shown in Figure 1, the power of signal from serving cell may be much higher than the power of signals from neighboring cells, especially for the UEs located in the middle of serving cell. Near-far effect is a serious problem for the measurements of downlink positioning. 
[image: ]
[bookmark: _Ref462755525]Figure 1. Interference scenario in the downlink positioning
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Link-level simulations have been done to evaluate the impact of inter-cell interference on the performance of ToA estimation, in which NSSS is compared with the NPRS proposed in [2]. Simulation assumptions are listed in Table A.1. In the simulations, it is assumed that the NSSS or NPRS subframe of victim cell is aligned with the NSSS or NPRS subframe of aggressive cell. As shown in Figure 2, the performance of ToA estimation by using NSSS is obviously worse than that by using NPRS.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Observation 2: NSSS is more sensitive to inter-cell interference than NPRS proposed in [2].
The inter-cell interference can be partially mitigated by some coordination between eNBs. For example, in LTE the PRS can be muted. The positioning signals from different cells are assigned to different time resources (e.g., different subframe per frame). Meanwhile, some cells will not allocate any transmissions on the time resources carrying positioning signals from other cells. However, muting cannot be applied to NSSS, NPSS and NRS, as they are all common signals for a NB-IoT cell to work normally.
[image: 2016-09-30_084808][image: 2016-09-30_084440]
[bookmark: _Ref462924308]Figure 2  ToA estimation error of neighboring cell (SIR = 0 dB and -10dB) of NSSS and the NPRS design in [2].
1.8 Support of multiple NB-IoT carrier deployments
An NB-IoT network can be deployed with multiple carriers. However, it is hard to implement downlink positioning with NSSS and NPSSS, as synchronization signals only appear on anchor carriers. For practical cases, it is more efficient to deploy only one anchor carrier with several non-anchor carriers.
According to the above analysis, it is seen that reusing existing signals for NB-IoT downlink positioning is not the preferred choice. A new, properly designed downlink positioning signal may provide performance improvement and flexibility of satisfying different requirements of performance e.g., latency and mobility.
Observation 3: NSSS has drawbacks for downlink positioning in terms of support for configurable positioning latency performance, inter-cell interference impact on positioning, and support of multiple NB-IoT carrier deployment.
Proposal 1: New positioning signal should be introduced for OTDOA in NB-IoT.
Conclusion
In this contribution, reusing existing signals for NB-IoT downlink positioning is discussed. Based on the analysis, we have the following observations and proposals:
Observation 1: For OTDOA based NB-IoT positioning, if reusing existing NB-IoT signals, NSSS is better than NPSS or NRS.
Observation 2: NSSS is more sensitive to inter-cell interference than NPRS proposed in [2].
Observation 3: NSSS has drawbacks for downlink positioning in terms of support for configurable positioning latency performance, inter-cell interference impact on positioning, and support of multiple NB-IoT carrier deployment.
Proposal 1: New positioning signal should be introduced for OTDOA in NB-IoT.
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Annex
Table A.1. Simulation assumptions
	Cell layout
	Two cells with ISD of 1.732km, where the one is the victim cell while the other is the aggressive cell.

	Cell ID
	[0, 3]

	NB-IoT deployment mode
	In-band, assuming 3 OFDM symbols in LTE PDCCH region and 2-port LTE CRS.

	Channel model
	EPA-1Hz

	Frequency offset
	50Hz

	SNR for victim cell
	-2.6dB

	[bookmark: OLE_LINK44]Signal-to-Interference Ratio (i.e. Rx power ratio of victim cell to aggressive cell)
	[bookmark: _GoBack]0 dB, -10 dB

	Positioning reference signal
	Opt1: NSSS;
Opt2: The proposed NPRS with 10log10(6) dB power boosting, transmitted in one subframe per 10ms.

	Measurement time
	[bookmark: OLE_LINK69]2.4s for NSSS, where 120 subframes are used.
1.2s for new NPRS, where 120 subframes are used.
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