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Discussion and Decision
1.  

Introduction
At RAN#73 meeting, a revised work item on "Enhancements of NB-IoT" was agreed [1]. The objectives of this work item include positioning support for NB-IoT devices. RAN WG1 is currently working on downlink OTDOA and UTDOA positioning for NB-IoT devices; in particular on defining positioning reference signals and configuration. Dependent on RAN1 agreements, support for OTDOA for NB-IoT devices may require new or modified OTDOA assistance data and measurement reports. 
In this contribution, we discuss some general aspects for support of location for NB-IoT devices in the 3GPP control plane location solution defined in 3GPP TS 36.305 [2].

2. 

Discussion
The positioning architecture applicable to positioning of a UE with E-UTRAN access is defined in 3GPP TS 36.305 [2] and shown in Figure 1 below. The MME sends a location services request to an E-SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning. For the UTDOA method, the E-SMLC processes the location services request which includes transferring configuration data to the selected LMU(s).The E-SMLC then returns the result of the location service back to the MME (e.g., a position estimate for the UE). In the case of a location service requested by an entity other than the MME (e.g. a GMLC), the MME returns the location service result to this entity.
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Figure 1: UE Positioning Architecture applicable to E-UTRAN

As already discussed at RAN2#93 [3] and mentioned in 3GPP TS 36.300 [4], the E-UTRAN positioning architecture can also be used for NB-IoT. 
Proposal 1: The E-UTRAN Positioning Architecture and Protocols are reused in NB-IoT.

The current CP location solution as defined in greater detail in 3GPP TS 23.271 [5] has some limitations on location support for NB-IoT devices, which mainly arise from power saving features such as eDRX and PSM. For example, with eDRX, the paging cycle for a UE can be as long as 2.91 hours during which a UE would be unavailable for positioning – e.g., using a Mobile Terminated Location Request (MT-LR) as defined in 3GPP TS 23.271 [5]. With PSM, a UE can be available for positioning for the duration of the periodic TAU timeout. This means that an external client who needs the current location of the device would need to wait for a long and unpredictable time for the location to become available. It seems not possible to solve this problem directly because power saving by its nature leads to a UE being unavailable for a long and unpredictable period of time. However, several indirect solutions, such as adding a deferred MT-LR location procedure for the UE available event as already defined in 3GPP TS 23.271 [5] for GSM and UMTS access would be possible. Solutions for the above limitations are outside the scope of RAN2, and would affect primarily 3GPP SA and CT working groups. RAN2 must assume that a UE can be reachable for positioning measurements whenever a location service request for a particular target device is received at the E-SMLC from the MME. I.e., as with E-UTRAN access, the NB-IoT device is assumed to be initially in connected mode and has a serving eNB assigned before beginning the positioning procedures defined in 3GPP TS 36.305 [2]. 
Observation 1:
eDRX and PSM may cause an unacceptably delayed response for an MT-LR request for a current UE location. Solutions to this problem are outside the scope of RAN2.

For the exchange of positioning capabilities, assistance data transfer, and position measurement reporting, the LTE Positioning Protocol (LPP) as specified in 3GPP TS 36.355 [6] is currently used for E-UTRAN access. LPP is terminated between a target device and a positioning server (E-SMLC in the control-plane case).  LPP can also be used as a positioning protocol for NB-IoT devices. For the access type unrelated positioning methods (e.g., some form of GNSS positioning) no changes to the LPP positioning messages and information elements are foreseen. For access type specific positioning methods (e.g., OTDOA and ECID) some changes to the positioning messages and information elements may be required, dependent on RAN1 agreements. 
Proposal 2: 
LPP is used as positioning protocol for NB-IoT devices, with positioning method specific modifications and additions dependent on RAN1 agreements.
For a UE with NB-IoT access, transmission delay and retransmission delay by a UE and eNB will be higher than for normal LTE access, leading to longer message delivery times and the need for longer end-to-end retransmit timers. For LPP messages exchanged, the E-SMLC supports retransmission of undelivered (unacknowledged) LPP messages as defined in TS 36.355 [6]. The minimum retransmission timeout is defined to be 250ms though an E-SMLC would probably use a longer timer to avoid unnecessary retransmission. In the case of NB-IoT access, the normal E-SMLC retransmission timer for E-UTRAN access may be too short leading to excessive retransmission which would place extra load on the NAS signaling connection. In addition to the longer delivery time, message size for NB-IoT may need to be constrained.
Observation 2:
For NB-IoT access, longer message delivery time and maximum message size may place limitations on support of positioning protocol interaction between a UE and a location server. 
An MME could provide an indication to an E-SMLC in an LCS-AP Location Request (as defined in TS 29.171 [7]) of the access type being used by a UE. Additional or alternative information could also be provided concerning the maximum preferred LPP message size, any constraints on message volume and an indication of the maximum message transfer delay. In the case of informing an E-SMLC that a UE has NB-IoT access, the E-SMLC could be configured by a network operator with a preferred maximum message size and worst case message transfer delay. The E-SMLC can then employ suitably long retransmission and response timers, the preferred maximum message size and limitation on the number of messages transferred. For example, the E-SMLC could limit the amount of assistance data transferred to a UE and the number of measurements requested from a UE.
Proposal 3: 
The E-SMLC is made aware of the access type being used by a UE (e.g., NB-IoT access), e.g., in a LCS-AP Location Request message. 
NB-IoT devices are likely to have limited resources (e.g. limited processing capability, limited memory and only one RF receiver chain, etc.) that may limit positioning support, particularly when the UE is performing other activities. The limitation may directly impact downlink positioning methods such as OTDOA to be defined by RAN1 for NB-IoT since downlink positioning may require a UE to tune away from a serving eNB and measure signals from other eNBs and to store the resulting measurements until transferred to E-SMLC. But the scarcity of UE resources could also impact uplink position methods such as UTDOA if later extension of this in RAN1 for NB-IoT requires additional uplink transmission from a UE. This leads to the following observation: 
Observation 3:
Limited resources in some NB-IoT devices (e.g. limited processing, memory, RF receiver chain) may limit the ability of a UE to support some positioning methods. 
UE resources are limited and possibly unavailable when the UE is in connected state due to other UE activity (e.g. SMS and data transfer). However UE resources can be maximally available while the UE is idle. To support positioning in idle mode, the UE could store the LPP location request information (and acknowledge the location request at the LPP level if an LPP acknowledgment is requested) but not perform any measurements. More than one LPP location request might be sent to and stored by the UE. When the UE next enters idle state, the UE would perform the requested measurements, return to connected state and send the requested measurements (or location estimate) back to the server. 
This procedure will need limited support from other entities. In the case of the E-SMLC, a new capability flag can be added in LPP for each position method supported by a UE for which the UE needs to be in idle state to obtain measurements. If the flag is set and the E-SMLC requests measurements (or a location estimate), the E-SMLC can indicate a longer than normal response time in order to allow enough time for the UE to go into idle state, obtain the measurements, re-enter connected state and return the measurements (or a location estimate) back to the E-SMLC. In the case of the MME, the MME can assume that any UE with NB-IoT (or possibly eMTC) access may potentially need to make location measurements while in idle state. The MME can then allow any location session to continue until some time period has expired (e.g. 2 minutes) after a UE next goes into idle state – in order to avoid aborting the location session before the UE has had time to obtain and return location measurements.

It would also be possible for a UE to explicitly indicate to an E-SMLC (e.g. using LPP) and/or to an MME (e.g. using NAS) that it needs to enter idle state in order to obtain and return requested location measurements, but such an approach will require additional signalling and signalling related impacts.
In case the entry to idle mode is delayed for a long time on the network side, the UE might run a timer and locally release the RRC signaling connection and enter idle state after some period of inactivity in the UE. If the UE has a new serving MME after returning to connected state, the previous location session would have to be aborted and location would fail. But that will have low probability as measurement times are typically 30 seconds or less with current access types. The use of idle state for UE measurements will have the effect of delaying a location response to an external client. However, such a delay should be very small in comparison to the longer delay involved in waiting for a UE to become available for location and should not be noticeable to the external client (Observation 1).
Proposal 4: 
Adapt LPP procedures and messages to support positioning measurements in idle mode. 
For better supporting positioning measurements in idle mode as well as for limiting dedicated message sizes, broadcast of assistance data would be desired. For example, if OTDOA assistance data (such as PRS configuration) would be available to the UE via broadcast, a UE could perform OTDOA measurements before entering dedicated mode. In particular for high volume location requests and/or a high density of NB-IoT UEs, broadcast of assistance data would be more efficient than point-to-point (unicast) delivery. 
Proposal 5: 
Support broadcast of positioning assistance data for NB-IoT. 
3.

Summary

In this contribution, we discussed some general aspects for support of location for NB-IoT devices in the 3GPP control plane location solution. The observations and proposals are repeated below. 
Proposal 1: 
The E-UTRAN Positioning Architecture and Protocols are reused in NB-IoT.

Observation 1:
eDRX and PSM may cause an unacceptably delayed response for an MT-LR request for a current UE location. Solutions to this problem are outside the scope of RAN2.

Proposal 2: 
LPP is used as positioning protocol for NB-IoT devices, with positioning method specific modifications and additions dependent on RAN1 agreements.
Observation 2:
For NB-IoT access, longer message delivery time and maximum message size may place limitations on support of positioning protocol interaction between a UE and a location server. 
Proposal 3: 
The E-SMLC is made aware of the access type being used by a UE (e.g., NB-IoT access), e.g., in a LCS-AP Location Request message. 
Observation 3:
Limited resources in some NB-IoT devices (e.g. limited processing, memory, RF receiver chain) may limit the ability of a UE to support some positioning methods. 
Proposal 4: 
Adapt LPP procedures and messages to support positioning measurements in idle mode. 
Proposal 5: 
Support broadcast of positioning assistance data for NB-IoT. 
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