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1. [bookmark: _Ref395176429]Introduction
[bookmark: _Ref418671423]In RAN#72 (June 2016), a work item “Enhancements to NB-IoT” was approved RP-161324 [1].  One of the objectives is perform an evaluation study on the positioning enhancements for NB-IoT. This objective is 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
3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. In this contribution, the sourcing company wish to provide requirements considering business needs and infrastructure available (as well as planned).  
Release-13 NB-IoT has a positioning mechanism based on Enhanced Cell ID (E-CID). In Release-14, a further enhancement in positioning accuracy is envisaged through UTDOA or OTDOA. Below listed requirements is for the positioning evaluations under discussion.

1. [bookmark: _Toc427827352] Positioning enhancements requirements
2.1. Horizontal accuracy requirements
[bookmark: _Toc427827354][bookmark: _Toc427827357]Below, some typical envisaged NB-IoT applications and expected accuracy is listed. 
	Use case categories
	Applications
	 
	Expected accuracy

	Industrial
	 
	 
	 

	 
	Safety monitoring
	 
	50m

	 
	Machinery control
	 
	50m

	 
	Vending machines
	 
	100m

	Utilities
	 
	 
	 

	 
	Gas, water, electricity metering
	50m

	 
	Microgeneration
	 
	50 - 100m

	 
	Smart grid
	 
	50 - 100m

	Logistics
	 
	 
	 

	 
	Asset tracking (Pallets, Courier crates)
	30 - 200m

	Smart cities
	 
	 
	 

	 
	Parking sensors
	 
	30 - 50m

	 
	Waste Management
	50m

	 
	Smart lighting
	 
	50m

	Consumer & Medical
	 
	 
	 

	 
	Wearable
	 
	30 - 50m

	 
	VIP / Pet tracking
	 
	30 - 50m

	 
	White goods & appliances
	50 - 70m

	 
	Smart bicycles
	 
	50 - 70m

	Smart Buildings
	 
	 
	 

	 
	Smoke detectors
	 
	50m

	 
	Alarm systems, actuators
	50m

	 
	Home automation
	 
	50m

	Agriculture & environment
	 
	 
	 

	 
	Live stock tracking
	 
	50 - 70m

	 
	Soil, temperature sensor
	50 - 70m

	 
	Environment monitoring
	50 - 100m



It can be noted that some application have a wider range in their positioning accuracy expectations. Devices with support of GPS/GNSS are out of scope for this evaluation study – listed are expectation from native radio positioning only. These devices could be outdoor as well indoor. It is expected that the positioning accuracy is expected at all coverage levels.
Requirement (REQ-1):  It is expected that NB-IoT devices should be located around 50m horizontal accuracy.  This is applicable for outdoor / indoor and for all coverage levels.
2.2 Architecture requirements 
2.2.1 Network time synchronization
Phase and Time synchronisation are essential for providing enhanced services such as TDD, eICIC, Carrier Aggregation, Scheduling, eMBMS and location services. Performance of these important services acts as key drivers for upgrading network with network time synchronisation. This is commonly achieved through methods include GPS receivers deployed at each base station across network or using IEEE 1588v2 precision time protocol (PTP) or through other proprietary means.  Network synchronisation is not an essential for LTE operation but it enhances the services offered.  Hence, it is reasonable to assume that only some parts of our network are time-synchronised and it is possible that several regions of network operations do not have time synchronization. Owing to the immense potential for performance and service enhancements, there are plans to test and deploy time synchronization as early as 2018 on all the LTE sites.  For, NB-IoT positioning evaluations, the performance for both scenarios - with and without network time synchronization - is useful.  Any performance benefits due to time synchronization may be quantitatively highlighted.
Requirement (REQ-2): NB-IoT positioning performance comparison is needed for networks with and without time synchronization.  The performance benefits (if any) due to time synchronization should be quantitatively highlighted.
2.2.2 Location server (E-SMLC)
Location server is a physical or logical entity (e.g. E-SMLC or SUPL SLP) that manages positioning for a UE by obtaining measurements and other location information and providing assistance data to the UE to help determine this.  Only E-SMLC is relevant for this discussion and SLP is out of scope of this paper. E-SMLC manager the overall coordination and scheduling of resources required for the location determination of a UE that is attached to E-UTRAN. It calculates the final location and estimates velocity as well as the location accuracy. It interacts with the UE to exchange location information applicable to the UE-assisted and the UE-based positioning methods. It interacts with the E-UTRAN to exchange location information applicable to the network-assisted and the network-based positioning methods. The sourcing company have location servers in the form of E-SMLC and connected through 3GPP-defined interfaces.


Figure 1 UE Positioning Architecture applicable to E-UTRAN [TS 36.305]
Observation: It can be expected that E-SMLC is available in networks to perform location calculations.
[bookmark: _Toc427827355]2.2.3 Location Measurement Units (LMU)
The Location Measurement Unit (LMU) makes measurements and communicates these measurements to an E-SMLC. All positioning measurements obtained by an LMU are supplied to the E-SMLC that made the request.
LMUs could be a physical or logical entity. LMU class 1 is the LMU integrated into the base station. LMU class 2 are LMU co-sited with base station and sharing antenna with the base station. Though LMU class 1 are common, the sourcing company would like to mention that LMU features are not available in their infrastructure.  
Performance improvements (if any) due to the presence of LMU should be quantitatively explained.  Such detailed information would be justifying the investments, if needed in future.
Requirement (REQ-3): NB-IoT positioning evaluations should both study scenarios - with and without LMUs. If there are any performance improvements due to LMU, it should be quantitatively explained.
2.3 UE complexity and Location information traffic assumptions
2.3.1 UE complexity
Lower UE complexity has been one of the fundamental requirements and thus became an important characteristic of NB-IoT. It is expected that similar objective is maintained for positioning enhancements evaluations.  However, it is also reasonable to assume that there are some applications where positioning is of paramount importance and slightly higher complexity could be acceptable.  In this case, the trade-off between the complexity and positioning accuracy can be explained.
2.3.2 Location information traffic assumptions
In LPP protocol, the term “location information” applies both to an actual position estimate and to values used in computing position (e.g., radio measurements or positioning measurements).  It is delivered either in response to a request or unsolicited. The server may send a request for location information to the target, and may indicate the type of location information needed and associated QoS. In response, the target transfers location information to the server. The location information transferred should match the location information requested [2].
In general, the M2M devices are configured to report or network requesting information in big batches and this is known to cause spikes in resources used. There are mechanisms in place (e.g. incentives) to distribute such loads. For the case of location server initiating a request for location information to the target UEs, similar cautious approach is expected to avoid requesting location information in big batches. 
2.4 Protocol requirements
The LTE Positioning Protocol (LPP) is a point to point positioning protocol terminated between a target UE and a positioning server E-SMLC. LPP messages 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). 
The LTE Positioning Protocol Annex (LPPa) carries information between the eNode B and the E-SMLC. It is used to support the following positioning functions:
-	E-CID cases where assistance data or measurements are transferred from the eNode B to the E-SMLC
-	data collection from eNodeBs for support of downlink OTDOA positioning
-	retrieval of UE configuration data from the eNodeBs for support of uplink (e.g., UTDOA) positioning
[bookmark: _GoBack]The LPPa protocol is transparent to the MME. 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. It carries the LPPa PDUs over S1 interface either in UE associated mode or non-UE associated mode.
Any Release-14 positioning enhancements mechanism should consider the following protocol requirements:
· Expected to function seamlessly for both control-plane solution (DoNAS) and user-plane solution (Suspend-Resume) options.
· Protocol enhancements should not have any security constraints (independent of CN architecture options)
· Protocol should follow agreed 3GPP architecture and interfaces
· Protocol should be easy to setup (from timing perspective)
Requirement (REQ-4):  Protocols for enhanced positioning mechanisms are expected to function seamlessly for both control-plane solution (DoNAS) and user-plane solution (Suspend-Resume), without any security constraints, following agreed 3GPP architecture and should be easy to setup.
3	Summary
This document presents our requirements and assumptions for NB-IoT enhanced positioning evaluations considering business needs and infrastructure available (as well as planned).  

Requirement (REQ-1):  It is expected that NB-IoT devices should be located around 50m horizontal accuracy.  This is applicable for outdoor / indoor and for all coverage levels.
Requirement (REQ-2): NB-IoT positioning performance comparison is needed for networks with and without time synchronization.  The performance benefits (if any) due to time synchronization should be quantitatively highlighted.
Observation: It can be expected that E-SMLC is available in networks to perform location calculations.
Requirement (REQ-3): NB-IoT positioning evaluations should both study scenarios - with and without LMUs. If there are any performance improvements due to LMU, it should be quantitatively explained.
Requirement (REQ-4):  Protocols for enhanced positioning mechanisms are expected to function seamlessly for both control-plane solution (DoNAS) and user-plane solution (Suspend-Resume), without any security constraints, following agreed 3GPP architecture and should be easy to setup.
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