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1. Introduction

In Rel-13, the NB-IoT was standardized for providing the support of massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and so on in 3GPP. And in order to provide further enhancements to NB-IoT to ensure flexible network deployments, in RAN#72, new WI for enhanced NB-IoT in Rel-14 has been approved to further introduce additional enhancements in addition to Rel-13 NB-IoT techniques. One of main key enhancements is the NB-IoT positioning as NB-IoT has different applications in indoor environment. The following is the key object to enable the positioning techniques in NB-IoT provided by WID [1].
Positioning:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement 

· UE Rx-Tx time difference measurement
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
· 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, we will mainly focus on discussion related to OTDOA in NB-IoT and provide further considerations assuming PRS would be used for OTDOA.
2. Discussion
2.1. OTDOA in NB-IoT
In Rel-13, the indoor positioning SI for UTRA and LTE was intensively studied in RAN1 and provide the performance evaluation of existing methods (e.g. A-GNSS, OTDOA, E-CID, UTDOA) and possible enhancements to overcome some challenges in indoor environments [2]. Based on above study for indoor positioning during Rel-13, it can be thus considered on how to adopt the potential positioning methods in NB-IoT technology. Compared to that of LTE, it is obvious that the indoor positioning in NB-IoT system would require much stringent requirements to maintain the low complexity, low power consumption, extreme coverage and massive low cost devises as seen in Table 1. Also, it is noted that the number of PRBs for positioning measurement is greatly reduced to 1 PRB (180kHz). Moreover, it may be expected that precision of 50m is basically required and of 20m is desired for outdoor scenario for positioning in NB-IoT.
Table 1: Performance requirement in NB-IoT
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In such NB-IoT deployments, which positioning techniques in narrowband would be applicable needs to be analyzed basically, in order to achieve above performance requirement in NB-IoT. Following table 2 shows some pros and cons on each of positioning techniques.
Table 2: Pros and cons between OTDOA and other positioning techniques
	
	OTDOA
	A-GNSS
	E-CID
	UTDOA

	Coverage
	Good
	Good
	High
	Good

	Pros
	Useful in dense indoor environments
	Conserves battery
	Good for indoor UEs
	Minimal additional network load

	Cons
	Needs multiple eNBs and UE capability
	Accuracy impacts in indoor environment
	Needs expensive adaptive antenna
	UL power control scheme is required


Based on brief analysis, it is observed that OTDOA could be one of the most preferred positioning techniques particularly in dense indoor environments that are very considerable scenarios in Rel-14 NB-IoT. However, except A-GNSS, it is premature that the other solutions (e.g. UTDOA) could be precluded because there could be several advantages from those such as UE power consumption, no need of UE positioning measurement and so on. Thus, further evaluations and comparisons are needed based on the requirements.
Proposal 1: It is proposed that the results and conclusions from Rel-13 indoor positioning SI in LTE can be a starting point for OTDOA in NB-IoT.
2.2. Narrowband PRS configurations for OTDOA in NB-IoT
OTDOA (Observed Time Difference Of Arrival) is a downlink positioning scheme in LTE since Rel-9. It is a multilateration method in which the UE measures the time of arrival (TOA) of PRSs received from multiple eNBs. The UE measurement for OTDOA positioning is the Reference Signal Time Difference Measurement (RSTD) between a reference cell and neighbouring cell. 
For OTDOA in NB-IoT, existing or new PRS in a narrowband (180kHz) can be used for RSTD measurement. To properly support the PRS in NB-IoT, the modified PRS configurations and potential enhancements could be required. There can be several aspects related to NB-PRS (Narrowband PRS) for OTDOA as followings:
NB-PRS patterns:
In Rel-13 NB-IoT, there are three operation modes including in-band mode, guard-band mode and standalone mode in which one operation mode among them is indicated by MIB-NB in NPBCH. It could potentially have the usage of different NB-PRS pattern(s) in a subframe for OTDOA depending on NB-IoT operation mode because the resources to allocate LTE control region and CRS can be used for NB-PRS at least in both guard-band and standalone mode. 
However, it would be desirable to design a single NB-PRS pattern regardless of NB-IoT operation modes but, additional puncturing of NB-PRS REs may be required in case of in-band mode, if the NB-PRS REs in a subframe is overlapped with LTE control region and CRS symbols at least.
One example of NB-PRS pattern modified from existing PRS pattern in a subframe when operating guard-band/standalone mode is shown in Figure 1. Accordingly, the increased NB-PRS density in a subframe can help to improve the RSTD measurement performance in this case. If UE’s estimation of TOA may be worse due to the increased side-lobe caused by longer delay spread (e.g. rich-multipath) in particular indoor environments, the different NB-PRS patterns with increased density in frequency domain could be also considered, which would result in reduction of the frequency reuse factor (6 to x).
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Figure 1: Example of modified PRS pattern for guard-band/standalone mode
In case of in-band mode, it can be discussed that either existing PRS (=LTE PRS pattern), modified PRS (=modified PRS pattern based on existing LTE PRS pattern) or new PRS pattern in a subframe is used for NB-PRS. Considering the presence of both at least LTE control region and CRS in in-band mode, we think the existing PRS pattern in a subframe is preferred with only increased density of NB-PRS in time domain than introducing new PRS pattern in a subframe if significant performance gain of positioning measurement is not found from new PRS pattern. Moreover, it has less design flexibility to introduce the new PRS pattern particularly in in-band mode due to existing LTE channel and signals, and largely reusing existing PRS pattern has the benefit of requiring little or no additional UE implementation complexity in NB-IoT. 
Proposal 2: It is proposed to discuss about the NB-PRS pattern in a subframe on whether existing PRS, modified PRS or new PRS pattern is used for NB-IoT considering the configured NB-IoT operation mode.

For frequency shift in PRS, it is currently specified to provide UEs with the reception of PRSs from multiple eNBs simultaneously by using different RE positions based on PCID (mod(PCI, 6)), and the frequency RE position is not changed across the multiple subframes in every PRS occasion. If the same approach is applied for NB-PRS as well, its potential enhancements in [2] can be considered especially for dense indoor small cell scenario such as randomization of frequency shift across multiple subframes/occasions in NB-IoT, in order to remove the static interference from the eNBs which have the same frequency RE position. Given that such enhancements will not cause significant receiver complexity increase for UEs and improve positioning measurements, it is desirable to introduce such enhancements for NB-PRS in NB-IoT.
Proposal 3: Enhancements related to the NB-PRS pattern (e.g. v_shift) can be further considered if it is desirable in terms of UE complexity and measurement accuracy.
NB-PRS subframe/occasion configuration:
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Figure 2: Configuration of NB-PRS occasion in NB-IoT
Different from using larger frequency bandwidth in LTE PRS, since the NB-PRS in NB-IoT is basically only available in one PRB, it could not provide the enough RSTD measurement reliability even with power boosting. It would be required to use at least increased density of NB-PRS in time domain for providing sufficient measurement accuracy and supporting the extreme coverage (e.g. MCL 164 dBm) as downlink signal in NB-IoT. Currently, LTE PRS occasion can have up to 6 consecutive DL subframes (1, 2, 4 or 6 DL subframes). Therefore, it could further extend to larger number of consecutive DL subframes for one NB-PRS occasion. For example, Figure 2 shows that the presence of NB-PRS occasion can be configured with a periodicity and offset value as in LTE PRS, while one NB-PRS occasion in NB-IoT could have the number of increased or existing DL consecutive subframes (“DL_subframes” in Figure 2) and repetitions of “DL_subframes”. In addition, the DL consecutive subframes should be only accommodated in the subframes where it is determined as valid PRS subframes.

This configuration of NB-PRS subframe/occasion would not significantly impact the higher layer signalling compared to that of LTE, and would provide UEs with additional flexibility and enhancements for receiving the NB-PRSs from multiple eNBs.
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Figure 3: Dynamic configuration of the number of NB-PRS subframes

The LTE PRS configurations to cells is usually static and optimized for good average performance over the network. For some useful cases (such as emergency calls and power saving modes) it may be beneficial to locally optimize the PRS configurations for an individual UE. For example, if the a-priori location of the target UE is known (serving cell), the number of NB-PRS subframes of the assistance data cells could be optimized for this particular UE (location). As seen in Figure 3, the number of PRS subframes and repetitions in a positioning occasion may temporarily be increased or decreased depending on prioritized use cases for this particular UE (location).
Proposal 4: It is proposed to firstly consider the increased density of NB-PRS in time domain based on the “number of DL consecutive subframes” and “repetitions” in a NB-PRS occasion for providing sufficient RSTD measurement accuracy.
Proposal 5: It is proposed to consider the dynamic NB-PRS subframe configurations for some useful cases (e.g. emergency calls, power saving modes and so on).
NB-PRS and LTE PRS coexistence
New or modified PRS design for NB-PRS can be introduced for in-band mode in a backward compatible manner with LTE PRS. According to the UE capabilities, it is possible that Rel-14 NB-IoT UEs would be able to measure the NB-PRS as well as LTE PRS for the purpose of improving the positioning measurement if the assistance data related to that is sent to the UEs. Depending on the network, the NB-PRS and LTE PRS occasions can be interleaved (TDM/FDM) or overlapped (partly/fully) in LTE frequency band. If network want to configure for example the NB-PRS and LTE PRS overlapped in time and frequency resource in order to less PRS overhead in a cell, flexible configuration of PRS subframe and PRB and so on, the Rel-14 NB-IoT UEs with the assistance data related to LTE PRSs can switch to receive the LTE PRSs in the overlapped PRS resources from the NB-PRS in the non-overlapped PRS resources for the positioning measurement. It could help Rel-14 NB-IoT UEs improve their positioning measurement and allow the efficient resource utilizations without a backward compatibility issue (cause legacy LTE UEs can receive LTE PRS as before). Moreover, it should be noted that the overall PRS overhead is not increase in this case. It is just to allow for more efficient PRS resource utilization for the Rel-14 NB-IoT UEs. 
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Figure 4: Coexistence of NB-PRS and LTE PRS in in-band mode

In order to realize it above for Rel-14 NB-IoT UEs, some additional signallings need to be provided by network such as LTE PCID, LTE PRS sequence (PRB-index), number of CRS antenna ports and so on.
Proposal 6: It should be discussed how to support the coexistence of NB-PRS and LTE PRS in a backward compatible manner for better PRS resource utilizations and positioning measurement in in-band mode. 
NB-PRS antenna port configuration

In Rel-13 NB-IoT, there is a linkage between NRS antenna ports and CRS antenna ports by a network signalling for providing better channel estimation using both NRS and CRS in a subframe if same PCID is indicated by NPBCH. Similarly, we can define that the antenna ports between NB-PRS and LTE PRS and/or NB-PRS and CRS are associated with same antenna port(s) for better positioning measurement in NB-IoT. If not configured, then independent antenna ports per a RS shall be assumed in the UEs. With this antenna port configurations, the UEs can use both NB-PRS and LTE PRS/CRS/DRS in same subframe or across subframes for positioning measurement, and this configuration could also improve positioning measurement together with coexistence of NB-PRS and LTE PRS above when NB-PRS and LTE PRS occasion is consecutively configured in a time domain. 
Proposal 7: It is desirable to introduce the NB-PRS antenna port configurations in order to make a linkage with LTE reference signals (e.g. LTE PRS, CRS and DRS) for improving the positioning measurement.
Overlapping between NB-PRS and other NB-IoT DL channels/signals/configurations

In Rel-13 NB-IoT, it has been specified to use the various DL channels, signals and configurations, some of which may be potentially overlapped with NB-PRS subframe configurations with a periodicity and offset value above. Considering only TDM is available to multiplex the various DL channels/signals/configurations with NB-PRS subframes and it may be difficult for the network to fully interleave NB-PRS with other DL signals due to larger number of repetitions, we thus need to discuss which one in a DL subframe would be prioritized when overlapped in same subframe. 
Basically, it is desirable that NB-PRS is not allocated in the subframe where NPBCH, NPSS, NSSS and SIB1 are transmitted. Accordingly, NB-IoT UEs would not expect to receive the NB-PRS in those subframes. In addition, it needs to consider whether DL valid subframes configured by a network would associated with NB-PRS subframes. In Figure 4, one example is to show that the NB-PRS subframes can be only configured on DL valid subframes. In a NB-PRS occasion, except the specific subframes with NPBCH, NPSS, NSSS and SIB1, the remaining subframes can be used for DL valid subframes (highlighted by green subframes) if configured and then, those DL valid subframes can be used for the NB-PRS subframes if other DL channel/signal/configuration that may have higher priority than NB-PRS transmission are not shown. 
Another option is to independently configure the NB-PRS subframes without relationship with DL valid subframe configuration. However, this option may not be aligned with the motivation of DL valid subframe configuration which could be used for reducing the UE power consumption.
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Figure 5: NB-PRS subframe configurations together with other DL channels/signals/configurations

In addition, it is also necessary to discuss on whether or not to regard to the NB-PRS subframes in the subframes where SI(s), paging, random access, SC-PTM and so on are planning to transmit. In this case, depending on the priority between them, whether or not to postpone the NB-PRS transmission could be considered. Further discussion is necessary for this aspect.
Proposal 8: It is necessary to discuss on whether or not to regard to the NB-PRS subframes when overlapped with other DL channels/signals/configurations.
NB-PRS muting configuration
LTE PRS muting was specified to reduce the PRS interference between the cells having the same (PCID mod 6). It would be important particularly for the dense indoor small cell scenarios where severe interference can be easily observed at UE side, because increase number of cells which has same frequency RE position will be shown to interfere with each other. However, a periodic muting pattern to each cell is applied in the specification, further enhancements such as new NB-PRS muting configuration or new muting patterns could be considered in order to reduce the risk of interference significantly. 
Proposal 9: Further enhancements on NB-PRS muting in NB-IoT can be considered.
3. Summary and conclusions

In this contribution, we provided our proposals on the potential NB-PRS design aspects for OTDOA in NB-IoT. The suggestions of this contribution are summarized as follows:
Proposal 1: It is proposed that the results and conclusions from Rel-13 indoor positioning SI in LTE can be a starting point for OTDOA in NB-IoT.
Proposal 2: It is proposed to discuss about the NB-PRS pattern in a subframe on whether existing PRS, modified PRS or new PRS pattern is used for NB-IoT considering the configured NB-IoT operation mode.
Proposal 3: Enhancements related to the NB-PRS pattern (e.g. v_shift) can be further considered if it is desirable in terms of UE complexity and measurement accuracy.

Proposal 4: It is proposed to firstly consider the increased density of NB-PRS in time domain based on the “number of DL consecutive subframes” and “repetitions” in a NB-PRS occasion for providing sufficient RSTD measurement accuracy.
Proposal 5: It is proposed to consider the dynamic NB-PRS subframe configurations for some useful cases (e.g. emergency calls, power saving modes and so on).
Proposal 6: It should be discussed how to support the coexistence of NB-PRS and LTE PRS in a backward compatible manner for better PRS resource utilizations and positioning measurement in in-band mode. 

Proposal 7: It is desirable to introduce the NB-PRS antenna port configurations in order to make a linkage with LTE reference signals (e.g. LTE PRS, CRS and DRS) for improving the positioning measurement.

Proposal 8: It is necessary to discuss on whether or not to regard to the NB-PRS subframes when overlapped with other DL channels/signals/configurations.

Proposal 9: Further enhancements on NB-PRS muting in NB-IoT can be considered.
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