3GPP TSG RAN WG1 Meeting #86	R1-166173
Gothenburg, Sweden, August 22-26, 2016

Agenda Item:	7.2.11.1.2
Source:	Huawei, HiSilicon
Title:	Design of NB-IoT uplink positioning
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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,
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 signal used for NB-IoT uplink positioning will be discussed.
Discussion on the reference signal for uplink positioning
In Rel-13 NB-IoT, narrowband DM-RS and NPRACH may be used for uplink positioning. By re-using these existing physical signals or channels in Rel-14, the specification work, new UE implementation effort, and UE cost can be reduced as much as possible. 
However, both narrowband DM-RS and NPRACH have some drawbacks. The narrowband DM-RS is only transmitted together with NPUSCH, and occupies sparse time-frequency resources of one symbol per subframe/NB-slot and only in the subcarriers scheduled by DCI. From the perspective of performance, it is not suitable to be used as the reference signal for uplink positioning. For NPRACH, the transmission bandwidth including frequency hopping is restricted to be no larger than 45 kHz. The limited bandwidth is expected to have some impact on the accuracy of ToA estimation. To achieve better accuracy and power efficiency, new dedicated signal for uplink positioning can be considered. 
Proposal 1: For NB-IoT uplink positioning, it is proposed to design a new dedicated signal.
To maintain constant envelope and higher PSD of transmit signal, it is better to reuse the principle of Rel-13 NPRACH design, i.e. single-tone transmission with frequency hopping, for the new uplink positioning signal. Furthermore, the transmission bandwidth larger than NPRACH is expected to provide more accurate ToA estimation. The dedicated positioning signal can be based on single-tone hopping with larger hopping step than NPRACH in order to span the wider total bandwidth in a reasonable time. 


The basic structure of NPRACH in Rel-13 NB-IoT is re-used for the new UL positioning signal as shown in figure 1, i.e. the subcarrier spacing is 3.75 kHz and a symbol group is defined as 5 identical symbols and one CP of length of 266.7us, in order to meet the requirement of long-distance coverage. For frequency hopping, the first level single-subcarrier hopping is maintained between 1st/2nd and between 3rd/4th symbol groups, the second level 6-subcarrier hopping is maintained between 2nd/3rd symbol groups. The main difference between NPRACH and the new UL positioning signal is the pseudo-random hopping used between repetitions of 4 symbol groups. For the new signal, the range of random frequency hopping is extended to 48 subcarriers in order to achieve a transmission bandwidth using the whole PRB of 180 kHz, i.e.  is replaced with  in clause 10.1.6 of TS 36.211. For comparison, the structure of NPRACH is shown in figure 2.


Figure 1		Structure for the new signal for NB-IoT uplink positioning



Figure 2		Structure for the NPRACH in Rel-13 NB-IoT

The performance of the new positioning signal and Rel-13 NPRACH are evaluated and results can be found in [2]. Comparing the performances, it can be seen that significant gain is offered by the new UL signal design, due to the larger range of frequency hopping.
As maintaining most characteristics of NPRACH, for the new signal, it can be further considered to reuse the resource configuration defined for NPRACH with the number of subcarriers set to 48 and the number of repetitions set to 128. After indicating the resource configuration information to all LMUs, LMUs can perform the corresponding measurement and report the results to location server. Note that a type 1 LMU can be embedded in an eNB as a software-only update with no new hardware [3]. There may be one concern that the measurement accuracy in neighbor cells may be affected if some uplink transmissions appear on the same resources with the positioning signal. In our companion contribution [2], the impact of interference has been considered in the simulation, and the results show that satisfactory performance can be achieved even when the interference level is high. Certainly, if the interference level can be decreased, e.g. by some interference coordination mechanisms, the positioning accuracy will be improved.
Proposal 2: For the new uplink positioning signal, it is proposed to use a single-tone hopping scheme similar to NPRACH but with a total frequency-hopping transmission bandwidth of 180 kHz, and correspondingly larger pseudo-random frequency-hopping steps.
Conclusion
In this contribution, we discuss about the reference signal for NB-IoT uplink positioning. Based on the analysis, we propose the following:
Proposal 1: For NB-IoT uplink positioning, it is proposed to design a new dedicated signal.
Proposal 2: For the new uplink positioning signal, it is proposed to use a single-tone hopping scheme similar to NPRACH but with a total frequency-hopping transmission bandwidth of 180 kHz, and correspondingly larger pseudo-random frequency-hopping steps.
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