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1.
Introduction
One feature which has not been discussed yet in detail is Positioning. We think that support of Positioning for NB-IoT is beneficial considering all the potential use-cases of NB-IoT devices. However, in order to make a decision on the support of Positioning for NB-IoT we need to discuss the implications that the feature has to UE and network.

Therefore, this contribution provides a brief overview of the positioning methods which are specified for LTE up to Rel-13, and LPP which is used as protocol for exchanging positioning related information between UE and network.  Based on this overview, different aspects are further discussed regarding the support of Positioning for NB-IoT.
2.
Discussion
2.1
Positioning methods 

The positioning methods that are specified for LTE up to Rel-13 [1] to determine the location of a UE, are shown in Table 1 below. In detail, Table 1 shows which methods are supported in which positioning modes (UE-based, UE-assisted etc.) and whether the concerned method is also supported in LTE U-plane using SUPL (Secure User-Plane Location Protocol) as defined by OMA.
Table 1: Supported versions of UE positioning methods [1]
	Method
	UE-based
	UE-assisted, 
E-SMLC-based
	eNB-assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes

(UE-based and UE-assisted)

	Downlink
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	Barometric
	No
	Yes
	No
	No
	No

	WLAN
	No
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS
	No
	Yes
	No
	No
	No


For further reference, the following points provide a brief description of the positioning methods.

· A-GNSS refers to assisted Global Navigation Satellite System, and examples of GNSS include GPS, Galileo, GLONASS amd BeiDou (BDS). A-GNSS can be supported for the modes UE-based, UE-assisted and standalone (not shown in Table 1) as well.
· UE-based: The UE performs the positioning measurements and calculates its own location. The network may provide assistance data to the UE to assist positioning measurements.
· UE-assisted: The UE performs the positioning measurements and sends these measurements to the network (E-SMLC = Enhanced Serving Mobile Location Centre), i.e. the location server, where the position calculation takes place. The network may provide assistance data to the UE to assist or enable positioning measurements.
· “Standalone”: autonomous mode, where the UE performs the positioning measurements and calculates its own location w/o any network assistance.
· The accuracy of location estimation that can be achieved using A-GNSS is < 10m.
· Downlink refers to OTDOA (Observed Time Difference Of Arrival). OTDOA is only supported in UE-assisted mode and relies on RSTD (Reference Signal Time Difference) measurement between a neighbour cell and a reference cell. The RSTD measurements can be based on the cell‘s CRS (Cell-specific Reference Signal) or PRS (Positioning Reference Signal). In practice using PRS is recommended due to the fact that using CRS may lead to significant performance degradation as CRS is transmitted with less power compared to PRS and there are no performance requirements specified by RAN4 for RSTD measurements using CRS.
· The accuracy of location estimation that can be achieved using PRS-based OTDOA in macro-cell deployments depends on the channel and PRS-bandwidth. For instance, the 3GPP accuracy requirements on OTDOA in AWGN is 50m for 10MHz and beyond, 60m for bandwidths between 5MHz and 10MHz, and 150m for less than 5MHz.
· E-CID (Enhanced Cell-ID) refers to the positioning method where the UE location within a cell is estimated based on measurements provided by UE or eNB. In the former case the measurements provided by UE may include RSRP, RSRQ, UE Rx – Tx time difference. In the latter case the measurements provided by eNB may include AoA (Angle of Arrival) + TA (Timing Advance) type 2. E-CID is only supported for the modes UE-assisted or eNB-assisted.
· The accuracy of location estimation that can be achieved using E-CID in macro-cell deployments is appr. few 100m.
· Uplink refers to e.g. U-TDOA (Uplink Time Difference Of Arrival) where the UE position is estimated based on timing measurements of SRS (Sounding Reference Signals) taken at different LMUs (Location Measurement Unit), along with knowledge of the geographical coordinates of the LMUs. U-TDOA is only supported in LMU/E-SMLC-based mode, i.e. the network performs the positioning measurements and calculates the location of the UE w/o any UE assistance.
· In Rel-13 the methods Barometric pressure, WLAN, Bluetooth and TBS (Terrestrial Beacon System) were introduced to meet FCC’s new E911 Indoor Location requirements of 50m Horizontal accuracy and 3m Vertical accuracy (floor level). All the new indoor positioning methods can be supported only for the modes UE-assisted (w/o network assistance) and standalone (not shown in Table 1). 
2.2
LTE Positioning Protocol (LPP) 

Positioning related information includes amongst other UE positioning capability information, UE location information (in case of standalone and UE-based modes), signal measurements performed by UE (in case of UE-assisted mode) and assistance data to be provided by network (in case of UE-assisted and UE-based modes).

In LTE, the exchange of the positioning related information between UE and network is done using LPP (LTE Positioning Protocol) [2]. LPP allows the exchange of the positioning related information over C-plane or U-plane (embedded in SUPL as defined by OMA). If LPP is used in C-plane, the positioning related information is exchanged between UE and the location server (E-SMLC) as LPP PDUs. In detail, the LPP PDUs are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., S1-AP over the S1-MME interface, NAS/RRC over the Uu interface). For instance, on RRC the LPP PDUs are carried as NAS PDUs piggybacked in RRC messages such as DLInformationTransfer or ULInformationTransfer message. 

LPP was designed agnostic to the underlying LTE RAT (i.e. LPP signaling is transparent to the eNB), and in a modular and extensible approach to facilitate the addition of new methods and extension of existing methods in the future. Due to this it looks reasonable to re-use LPP for NB-IoT if positioning support is deemed necessary for NB-IoT. Alternatively, RRC could be used for exchanging the positioning related information between UE and network, however this would involve the eNB in the positioning method and thus require changes to RRC specification for introducing new procedures and signalling to support positioning methods.
However, it should be noted that using LPP in C-plane requires an RRC signalling connection and the exchange of a number of LPP messages. In Figure 1 an exemplary LPP message flow for an E-SMLC-initiated positioning is shown, and each message requires certain amount of signalling. For instance, transfer of assistance data (per LPP Provide Assistance Data, step 6) and signal measurements (per LPP Provide Location Information, step 7) can require up to several kBytes. On the other hand, transfer of location information calculated by UE (per LPP Provide Location Information, step 7) requires appr. 20 bytes.

[image: image1]
Figure 1: Exemplary LPP message flow for an E-SMLC-initiated positioning 
2.3
Aspects to consider for positioning support in NB-IoT
The following +list provides different aspects to consider if positioning support is deemed necessary for NB-IoT:
1. What are the revelant scenarios for positioning, e.g. i) outdoor and indoor; or ii) indoor only? In our opinion both outdoor and indoor scenarios are relevant for positioning in NB-IoT.
2. Which positioning modes should be supported in view of limitations of data capacity over the air? Should e.g. standalone/autonomous modes (on UE and network side) preferred over UE-assisted/UE-based methods? These questions cannot be easily answered and depend amongst other on the candidate methods. At least it can be stated that any methods which require the transfer of signal measurements and assistance data require the UE to stay longer or more frequent in connected mode what would affect the UE power consumption. 
3. What are the accuaracy requirements in terms of UE location? We think that the accuracy of UE location that can be achieved using any of the methods specified for LTE should be taken as reference requirements.
4. Which positioning methods should be supported? Referring to the overview given in section 2.1 our understanding of their applicability for NB-IoT is as follows:
· A-GNSS may be supported for the modes UE-based, UE-assisted and standalone, however, it should be noted that it would affect form factor, cost and power consumption of the UE. Furthermore, it would work mainly in outdoor scenarios.
· For outdoor and indoor scenarios OTDOA, E-CID and U-TDOA may be supported if UE/eNB measurements and reference signals (in DL and UL) are defined in NB-IoT which can be used for these methods.  
· The FCC’s new E911 Indoor Location requirements do not apply for NB-IoT due to the fact that voice and emergency calls are not supported in NB-IoT. As result, the methods Barometric pressure, WLAN, Bluetooth and TBS do not necessarily need to be supported as well.
5. For methods which require the exchange of positioning related information between UE and network, which protocol should be used in C-plane, i.e. LPP vs RRC? If LPP is used then the complexity for UE and network is low as it does not rquire changes in RRC to handle positioning. Especially if positioning methods requiring assistance data should be supported then it is better to use LPP as the procedures and signalling are already specified there. On the other hand, if only standalone or methods without network assistance should be supported then use of RRC may be an option.
Proposal: To discuss the aspects addressed in section 2.3 and to decide whether and to which extent positioning should be supported for NB-IoT in Rel-13. 
3.
Summary and conclusion
In this contribution we provided a brief overview of the positioning methods which are specified for LTE up to Rel-13, and LPP which is used as protocol for exchanging positioning related information between UE and network.  Based on this overview, different aspects were further discussed regarding the support of Positioning for NB-IoT and following proposal was made:
Proposal: To discuss the aspects addressed in section 2.3 and to decide whether and to which extent positioning should be supported for NB-IoT in Rel-13. 
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