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1.
Introduction
In the NB-IoT AdHoc meeting the support of positioning was discussed based on the contributions [4], [5], however no conclusions could be drawn. Even the way forward in [6] could not be agreed. In order to make a decision on the support of positioning for NB-IoT in Rel-13, an email discussion was held after the AdHoc meeting where companies were invited to provide their views of the positioning requirements for NB-IoT and how they can be supported, for details see the email discussion report in [3].
In this contribution we discuss in more detail some of the positioning requirements and solutions which were brought up during the email discussion.
2.
Discussion
2.1
Requirements
We think support of positioning in Rel-13 is beneficial considering all the potential use-cases of NB-IoT UEs. For instance, when used as smart meters in indoor and outdoor scenarios, the knowledge of the location of these devices may be useful for the network in order to accurately track the energy consumption in certain areas. On the other hand we understand that due to time constraints, we can only spend limited time on this topic for Rel-13. As consequence, our understanding is that only solutions that fulfill the following criteria should be prioritized: 
1. allow the determination of the location of the UE for the relevant scenarios (indoor/outdoor) with a sufficient level of accuracy;
2. limit the impacts to UE and network to a minimum; and 

3. allow the Rel-13 NB-IoT WI to complete in time.
Proposal 1: RAN2 to agree that for Rel-13 NB-IoT design, RAN2 will consider UE positioning solutions that fullfill the following criteria:
(1) allow the determination of the location of the UE for the relevant scenarios (indoor/outdoor) with a sufficient level of accuracy;

(2) limit the impacts to UE and network to a minimum; and 

(3) allow the Rel-13 NB-IoT WI to complete in time.
2.2
UE positioning architecture and protocols
In order to fulfil the criteria as proposed in section 2.1, it is recommended that existing framework as specified for LTE is re-used where applicable, i.e. the UE positioning architecture and protocols such as LPP, LPPa, SUPL. Figure 1 below shows the positioning architecture incl. the interfaces as specified for LTE in [1]. It supports the exchange of positioning related information over U-plane (using SUPL) and C-plane (using LPP, LPPa). A high-level overview of the entities and protocols which are part of the positioning architecture is given below:
· The SUPL specific entities are SLP (SUPL Location Platform aka SUPL server) in the network and SET (SUPL Enabled Terminal aka SUPL client) in the UE. Security over SUPL is ensured by using Transport Layer Protocol (TLS).
· In C-plane the 3GPP protocols LPP [2] and LPPa [7] are used for exchanging the positioning related information 
· in case of LPP: between the.UE and the E-SMLC (Enhanced Serving Mobile Location Centre)
· in case of LPPa: between the eNB and the E-SMLC
· The eNodeB may provide measurement results for position estimation and makes measurements of radio signals for a target UE and communicates these measurements to an E-SMLC.
· The E-SMLC manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs.
· The MME handles the requests for location services associated with a particular target UE, either from another entity (e.g., UE or E-SMLC), or by the MME itself (e.g., for an IMS emergency call).
· The LMU makes measurements and communicates these measurements to an E-SMLC.
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Figure 1: UE Positioning Architecture applicable to E-UTRAN

Proposal 2: RAN2 to agree to re-use the existing framework as specified for LTE for NB-IoT in Rel-13 where applicable, i.e. the UE positioning architecture and protocols such as LPP, LPPa, SUPL.
For C-plane, and the positioning method and mode of operation where the UE is involved (either by performing location estimates or measurements) the LPP is the candidate protocol to use for NB-IoT positioning.

· 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.
· 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.

We think that LPP can be properly used in the context of CP solution 2 that is mandatory for UE and network and where NAS security is supported. Furthermore, due to its design it is future-proof. The same applies for the UP solution 18 although its support is optional for UE and network.
For C-plane and the positioning method and mode of operation where the eNB is involved (by performing location measurements) the LPPa is the candidate protocol to use for NB-IoT positioning. Currently, LPPa supports the following positioning functions:
· E-CID Location Information Transfer to allow the eNB to exchange location information with the E-SMLC for the purpose of E-CID positioning.
· OTDOA Information Transfer to allow the eNB to exchange information with the E-SMLC for the purpose of OTDOA positioning.
· UTDOA Information Transfer to allow the eNB to exchange information with the E-SMLC for the purpose of supporting UTDOA.
· The LPPa is transparent to the MME, i.e. the MME routes the LPPa PDUs transparently based on a short Routing ID corresponding to the involved E-SMLC node over S1 interface without knowledge of the involved LPPa transaction.
2.3
UE positioning methods and modes of operation
In order to fulfil the criteria as proposed in section 2.1, we think that following methods and modes of operation should be prioritized for NB-IoT in Rel-13:
· Pure network-based Cell-ID method.

· UE-assisted E-CID using RSRP, RSRQ or UE Rx-Tx time difference measurements. 

· UE standalone GNSS although this method would most likely affect form factor, cost and power consumption of the UE. However, in view of the variety of use-cases of NB-IoT UEs, it can be left to UE implementation whether to support standalone GNSS or not based on market request.
The reasons for prioritizing the above methods and modes of operation are as follows:
· Both indoor and outdoor scenarios can be supported.

· No assistance data delivery from network to UE is needed.

· DL measurements (e.g. RSRP or RSRQ) which need to be specified in any case to allow the UE to determine the coverage level can be re-used for E-CID. This means that no additional specification efforts for support of positioning are needed.

· If eNB Timing advance type 1 measurement needs to be specified then UE Rx-Tx time difference measurements can be re-used for E-CID. This means that no additional specification efforts for support of positioning are needed.
Proposal 3: RAN2 to agree to prioritize Cell-ID, E-CID and standalone GNSS as positioning methods for NB-IoT in Rel-13.
In LTE all the positioning methods where the UE is involved (either by performing location estimates or measurements) are optional for the UE. The UE indicates the support of the different positioning methods to the network by the respective capability signalling through LPP. This leaves then the network to decide which method(s) to enable depending on its support. In view of the variety of use-cases of NB-IoT UEs, and thus different capabilities in UE and network with regards to the supported positioning methods we think that the approach in LTE should be also followed for NB-IoT.
Proposal 4: RAN2 to agree that support of E-CID and standalone GNSS is optional for the UE.
3.
Summary and conclusion
In this contribution we discussed in more detail some of the positioning requirements and solutions which were brought up during the email discussion after the NB-IoT AdHoc meeting. The following proposals are made to further progress on this topic:
Proposal 1: RAN2 to agree that for Rel-13 NB-IoT design, RAN2 will consider UE positioning solutions that fullfill the following criteria:
(1) allow the determination of the location of the UE for the relevant scenarios (indoor/outdoor) with a sufficient level of accuracy;

(2) limit the impacts to UE and network to a minimum; and 

(3) allow the Rel-13 NB-IoT WI to complete in time.
Proposal 2: RAN2 to agree to re-use the existing framework as specified for LTE for NB-IoT in Rel-13 where applicable, i.e. the UE positioning architecture and protocols such as LPP, LPPa, SUPL.
Proposal 3: RAN2 to agree to prioritize Cell-ID, E-CID and standalone GNSS as positioning methods for NB-IoT in Rel-13.

Proposal 4: RAN2 to agree that support of E-CID and standalone GNSS is optional for the UE.
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5.
Annex 

The positioning methods that are specified for LTE up to Rel-13 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
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