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In RAN#72, a new work item on enhancements of NB-IoT was approved. According to the WID [1], objectives on the positioning are listed as follows:
Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
Positioning:
Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
In this contribution, the reference signal for NB-IoT downlink positioning will be discussed.
Discussion on designing new RS for downlink positioning
In LTE, PRS is defined for OTDOA, e.g. to improve the hearability of neighbor cells and shorten the delay of measurement. For NB-IoT downlink positioning, it may also be thought valuable to define a narrowband positioning specific reference signal (called NPRS in below context). However, it should be noted that there are some differences between LTE and NB-IoT.
· Firstly, the system bandwidth of LTE is up to 20 MHz while that of NB-IoT is just 180 kHz. As the system bandwidth is much narrower, NB-IoT has to provide resources several times more than LTE for NPRS transmission, if the same positioning accuracy is required. Moreover, these resources have to be provided from the time domain which means a long-duration transmission for NPRS.
· Secondly, UEs in extended and extreme coverage are supported by NB-IoT. To support downlink positioning for these UEs, it requires more resources to be provided for NPRS to achieve a successful positioning.
From the above analysis, it can be expected that the transmission of NPRS will be quite long in NB-IoT. The system throughput will be reduced because resources should be provided for NPRS transmission in multiple cells. Another concern is the impact from the NPRS to the data transmission of Rel-13 UEs. If there is no coordination mechanism, the performance of data transmission of Rel-13 UE will be damaged seriously as they know nothing about the NPRS. Valid subframe pattern configuration is an available mechanism to reduce such impact, e.g. the subframes occupied by the NPRS can be indicated as invalid subframes. However, it should be noted that the positioning service is a burst service, and the valid subframe pattern configuration is signaled in system information. Therefore, once the positioning service for any UE is started or terminated by network, all cells to be or being measured will reset the valid subframe pattern configuration and signal it through the system information update procedure, which may cause frequent system information modification. To avoid frequent system information modification, downlink subframes can be reserved for NPRS and indicated as invalid subframe permanently, no matter positioning services occur or not. However, when there is no positioning service needed, these resources will be wasted.
In general, for NB-IoT downlink positioning, in case new RS is designed, it will have an impact on the system throughput and Rel-13 UE’s transmission.
Observation 1: For NB-IoT downlink positioning, if a new positioning RS is designed, it will have impacts on the system throughput and Rel-13 UEs’ performance.
Discussion on reusing existing signals for downlink positioning
Reusing existing signals for downlink positioning for NB-IoT means the ultra-low UE cost and complexity can be maintained as much as possible. In Rel-13 NB-IoT, there are several signals and channels may be reused for downlink positioning, such as NPSS, NSSS and NRS. Before analyzing and comparing those signals for downlink positioning, several factors which should be considered for the RS design for downlink positioning are shown.
3.1	Evaluation aspects
To evaluate whether a signal is proper for downlink positioning for NB-IoT, following aspects should be considered.
1) From the signal, it should be possible for UE to identify each of multiple cells to be measured.
2) Better performance can be expected from a signal that has more REs available.
3) If the signal is more concentrated in the time-domain, the processing complexity will be reduced for UEs in extended and extreme coverage conditions in case the coarse timing of RS is known by UE, e.g. through synchronization procedure or networking signaling.
3.2	Comparison of NPSS/NSSS/NRS
The number of available REs for NPSS, NSSS, and NRS in 20ms period is listed in Table 1. For NRS, the number of available REs depends on the number of ports and the valid subframe configuration (if present) indicated in SIB1-NB. For 1-port and 2-port NRS, the maximum number of available REs will be used if all subframes are indicated valid. But if subframes other than #0/4/5/9 are indicated invalid, the minimum number of available REs will be used for NRS. From Table 1, it can be found that NPSS has the largest number of available REs in most cases.
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



In Rel-13 NB-IoT, a single waveform has been designed for NPSS, so different cells cannot reliably or easily be differentiated by NPSS. On the other hand, NSSS is constructed from ZC sequence, Hadamard sequence and phase shift sequence, where the ZC sequence and the Hadamard sequence used for a cell is related to its PCID. Due to the good cross-correlation property of sequence design, different cells can be differentiated by NSSS easily. NRS is a modulated pseudo-random sequence generated based on PCID, which means different cells can be distinguished by NRS. However, it should be noted that the cross-correlation property of pseudo-random sequence is worse than that of sequences designed for NSSS, therefore NSSS will perform better than NRS.
For NPSS and NSSS, the transmission is concentrated in two and one subframe respectively in 20ms period, which can help reduce the processing complexity for UEs in extended and extreme coverage conditions. 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 potential system information updates. 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 processing complexity in UE. According to the above analysis, uses of NPSS/NSSS/NRS for positioning are summarized in Table 2.
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 for reducing complexity
	Yes
	Yes
	No



It is crucial that multiple cells can be reliably distinguished to provide enough time differences for good positioning, so NPSS is not suitable. NRS cross-correlation properties are not as good as NSSS, and NRS configurations are not particularly designed with positioning in mind, meaning that positioning based on NRS would tend to drive otherwise-unnecessary cell re-configurations. It can be concluded that NSSS is the appropriate choice for downlink positioning for NB-IoT. If further improvements in positioning accuracy are needed, NRS can be additionally considered.
Proposal 2: For considering OTDOA NB-IoT positioning, assume use of existing NB-IoT signals, of at least NSSS to be used for positioning measurement. NRS can be additionally included if improvements in measurement accuracy are needed.
Conclusion
In this contribution, we discuss the reference signal for NB-IoT downlink positioning. Based on the analysis, we propose the following:
Observation 1: For NB-IoT downlink positioning, if a new RS is designed, it will have impacts on the system throughput and Rel-13 UEs’ performance.
Proposal 2: For considering OTDOA NB-IoT positioning, assume use of existing NB-IoT signals of at least NSSS to be used for positioning measurement. NRS can be additionally included if improvements in measurement accuracy are needed.
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