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1. Introduction
3GPP has approved the WI [1] on support for Inertial Measurement Unit (IMU) based positioning for LTE. The WI is described below.

· Specify support for IMU positioning:
· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]

The email discussion [99bis#58] on measurements for IMU positioning [4] included to address the topic of measurements for movement model based positioning. It concluded to propose:
· Proposal 3: The measurements and the signalling needed to support UE movement model shall be taken up as a separate discussion.
In RAN2#101, it was agreed to have an offline email discussion on support of the movement model.
· [101#80][LTE/Positioning] UE movement model (Fraunhofer)
	To progress the signalling and measurements needed to support the UE movement model.
Deadline: Thursday 2018-03-29

The aim of this discussion is to identify the role of movement models in positioning. The expected outcome is to identify and arrive at a consensus on this role and to possibly prepare for further discussions.
2. 	Discussion on movement models
The introduction of movement models for processing raw IMU data has been proposed in [2] and [3], together with some ideas for the handling in LTE positioning. 
The topic was discussed in the email discussion [99bis#58]. Here, the views of companies were the following as summarized in [4]:

· Three companies think that the reporting of motion state information has not been discussed in detail. Hence the exact measurements that need to be signalled needs further discussion.
· One company finds the knowledge of motion state as being important in order to start/stop reporting periodic IMU measurements. However the company does not indicate if the motion state itself should be signalled to the location server.
· One company describes the parameters (i.e. movement identifier as well as movement parameters) that can be signalled by the UE as a part of “movement model” reporting.
In addition to that one company is of the opinion that the general use case of motion-state reporting has not been described and evaluated.

During RAN2#101, the topic was taken up briefly with an initial discussion on whether motion measurements can be separated from a particular positioning method or not [6].

Signalling of movement model / motion state information is already present in LPPe [5]. 

For terminology, in the following, the term “motion state” describes the way an object of interest moves, while an actual “movement model” is used to evaluate obtained information based on the assumption that the object has a certain motion state.

Contributions [2] and [3] highlight the impact of filtering IMU data using movement models.
Question 1: Companies are requested to outline their views on benefits or drawbacks for the application of movement models for processing raw IMU measurements.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	As shown with an example [2] and in several scientific literature (e.g. [7]) movement modelling plays an important role in IMU based positioning. Additionally, it has been proven that IMUs are well suited to determine the motion state of an object. The models, if detected correctly, provide additional information that can greatly enhance positioning results. Normally, IMU is used for hybrid schemes to support other positioning methods.  However, in some motion states like a walking pedestrian, IMU data can be even used as a single sensor for obtaining a meaningful relative positioning result. 

	ZTE
	Actually because of the quality of the sensors in the UEs may not be that good, the error is kind of big for IMU positioning especially as the distance goes longer.So any methods that can decrease the error should be encouraged, of course including the moving model.Measured against the benefits it can brought, the drawback of more overhead is not important.

	Ericsson
	We agree that providing the motion state and related measurements can increase the positioning accuracy,  for example provide the step counter value when the motion state is pedestrian. Statistics of IMU raw measurements should also be supported when the device is not capable in finding the motion state, for example cheap devices that has no such capabilities.  There should also be supporting to trigger IMU data based on the motion state, or switch of motion state. 





[2], [3], [4] and [6] mention the impact of movement models on positioning.

Summary of Question 1:
3 companies participated in the discussion and expressed the following opinion:
·  All companies agree that movement models (to determine motion states) are useful and increase the positioning accuracy.
· One company thinks that the benefits of motion states justify the signalling overhead.
· One company thinks that providing motion state information can result in obtaining meaningful relative positioning results.
· One company suggests that IMU raw measurements statistics, i.e. IMU quality measures, should be supported when the device is not capable of finding its motion state.
· One company suggests triggering IMU data based on the motion state information.

All companies agree that the motion states provide useful information to enhance the positioning performance. Rapporteur’s comment: Proposals regarding signalling or triggering the measurements can be handled within the signalling sections below; hence the following proposal is being made.
Proposal 1: The signalling of motion state information is beneficial and should be considered.


Question 2: Companies are requested to outline their views on use cases for the application of movement models for positioning in general.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	Movement models can be used as additional information in positioning systems that provides constraints and prediction models, e.g. for Bayesian tracking filters. This way, the estimation accuracy of states like position, velocity and attitude/orientation can be increased. In addition, a second use case is obtaining better relative positioning estimates like in the walking pedestrian example mentioned above.

	ZTE
	We think there have already been much study about the pedestrian case, and a lot of products and apps have done a good job about it, so at least this use case should be included.

	Ericsson
	Motion models can improve the accuracy as shown in [2],[3]. 



Summary of Question 2:
All 3 companies agree that the use of movement models for positioning accuracy enhancement is a well-studied field. 
One company points out that movement models play a role in hybrid positioning schemes when prediction models may be used in (Bayesian filters).
Observation 1: The main use case for the application of movement models for positioning in general is the resulting enhanced positioning accuracy.
In the chairman notes [6] the discussion is mentioned whether motion state information is to be linked to a specific positioning method.
Question 3: Companies are requested to outline their views if any information about the motion state should be linked to a specific positioning method or if it should be signalled independently.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	As motion state information plays an auxiliary role in positioning, it is preferable to consider it as separate information. This information can then be reported independently along with different supported positioning methods.

	ZTE
	We prefer it to be signaled independently.

	Ericsson
	The motion state should be part of the common IE in LPP, and not linked to any positioning method. 



Summary of Question 3:
All 3 companies agree the motion state information should be signalled independently. 
Proposal 2: Motion state information should be signalled independently and not linked to specific positioning methods.

Contribution [3] proposed to represent multiple estimated motion states together with associated probabilities to handle estimation ambiguity. (Remark: LPPe [5] introduces multiple possible motion states with uncertainty values.)

Question 4: Companies are requested to outline their views on how motion state estimation ambiguity can be handled.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	We propose that multiple motion states, coupled with an associated probability are signaled to capture estimation ambiguity. In addition, the information source that estimated the motion state should be assigned a reliability measure, so that motion state estimates from multiple sources can be fused according to their quality. 

	ZTE
	Estimation ambiguity can be handled by adding more states with probabilities

	Ericsson
	The motion states should first be defined before discussing the details of ambiguity. 



Summary of Question 4:
3 companies participated in the discussion on handling the ambiguity in the motion state information, and expressed the following opinion:
· Two companies believe that multiple plausible motion states should be coupled with an associated probability.  
· One company thinks that reliability measures needs to be assigned to motion states. 
· One company suggests to first defining the motion states before discussion on handling the ambiguity.
Proposal 3:  One approach suggests to couple multiple plausible motion states with associated probabilities to handle motion state information ambiguity. In addition to the information ambiguity the list of possible motion states of an UE needs to be defined need to be studied further. 
Contribution [3] mentioned that motion state information has uses apart from positioning.
Question 5: Companies are requested to outline their views if there are use cases for information about motion states apart from positioning.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	Motion state information can provide additional information for applications for example about the road traffic state (e.g. a dangerous situation is more likely to happen if there are pedestrians moving on a highway). 
For the measurement procedure, depending on the type of movement, the rate of transmission for positioning information can be adapted (e.g. if an object is known to be stationary, positioning information is not required at a high rate). This is notably relevant for IoT devices by tracking their motion states.
With the knowledge of motion states it is furthermore possible to group UEs with similar motion states into clusters.

	ZTE
	We think that there are additional uses for movement models

	Ericsson
	The use cases besides positioning are not reasonable to discuss in this work item. 



Summary of Question 5:
3 companies participated in the discussion and expressed the following opinion:
· Two companies think additional use-cases apart from positioning can benefit  from the motion state information
· One company mentioned that other use cases apart from positioning are not reasonable in this work item.
Rapporteur’s comment: Additional benefits apart from positioning from having motion state information can be expected but is beyond the scope of this WI.

The issue of triggering measurements such as IMU data based on the motion state information (type of movement, change of motion states) is raised by two companies in questions 1 and 5.  
Proposal 4:  Supporting triggered measurements based on the motion state information need to be studied further. 


OMA LPPe [5] provides an ASN-1 implementation of the use and transmission of motion state information. For LPP, the implementation in the protocols is open for discussion.

Question 6: Companies are requested to outline their views on how movement models and motion states can be implemented with respect to protocols and what the impact on LPP would be.

	Company name
	Comments/Suggestions

	Fraunhofer IIS
	We propose the following options:
1. The movement model is used to calculate displacement, velocity and/or attitude in the UE. Additional signalling would include the motion state identifiers, associated probabilities, and quality measures.

2. Optionally, instead of displacement, velocity and/or attitude, the movement model identifier is transmitted together with movement model parameters (e.g. step count, step length and step direction for a walking pedestrian). This way, the least amount of data (or, more precisely, the minimum amount of data required for using the movement model) has to be transmitted, but a corresponding movement model must be executable in the E-SMLC that can calculate the required physical states (displacement, velocity and/or attitude). The amount of required data over LPP in this option are likely minimized compared to option 1 as this scheme could be regarded as a compression method for displacement, velocity and/or attitude. However a generic definition for the signalling required is not trivial and requires further study. Nevertheless, only using option 2 for the most used movement models can also be considered as an option.


	Ericsson
	1. When the movement model is translated to a displacement. The UE should signal the quality of the reported displacement together with what sensors used to estimate the location. The motion state could optionally be included. 
1. The motion model parameters could be sent via LPP together with associated measurements. The different motions states need to be further discussed including evaluations of the reporting size of each motion state.




Summary of Question 6:
2 companies participated in the discussion and expressed the following opinion:
· One company proposed either to signal the motion state identifiers, probabilities, and quality measures for the calculated displacement, velocity and/or attitude (Alt.1) or to signal movement model parameters based on the identified model (Alt.2). 
· One company proposes to signal the quality of the reported displacement measurements. The motion state can optionally be included.
· One company indicated that further discussions are needed to evaluate the reporting size when motion model parameters are signalled over LPP.
Proposal 5: IMU based measurements resulting in the signalling over LPP of displacement, velocity and acceleration may optionally be accompanied by motion state information, i.e. one detected motion state or several plausible motion states associated with probabilities as well as quality indicators.

Rapporteur’s comment: The alternative of signalling detailed specific parameters of individual movement models (e.g. steps of a pedestrian model) needs further study and can be seen as a second step open to be proposed for subsequent work items.

3. 	Summary of email discussion

Discussion on Question 1: On the benefits or drawbacks for the application of movement models for processing raw IMU measurements.
· All companies agree that motion states provide useful information to enhance the positioning performance. 

Discussion on Question 2: Views on use cases for the application of movement models for positioning in general.
· All companies agree that the use of movement models for positioning accuracy enhancement is a well-studied field. 
Discussion on Question 3: Views if any information about the motion state should be linked to a specific positioning method or if it should be signalled independently.
· All companies agree the motion state information should be signalled independently. 
Discussion on Question 4: Views on how motion state estimation ambiguity can be handled.
· 3 companies participated in the discussion on handling the ambiguity in the motion state information, and expressed the following opinion:
· Two companies believe that multiple motion states should be coupled with an associated probability.  
· One company thinks that reliability measures needs to be assigned to motion states. 
· One company suggests to first defining the motion states before discussion on handling the ambiguity.
Discussion on Question 5: Views if there are use cases for information about motion states apart from positioning.

· 3 companies participated in the discussion and expressed the following opinion:
· Two companies think additional use-cases apart from positioning can benefit  from the motion state information
· One company mentioned that other use cases apart from positioning are not reasonable in this work item.
Rapporteur’s comment: Additional benefits apart from positioning from having motion state information can be expected but is beyond the scope of this WI.

Discussion on Question 6: How movement models and motion states can be implemented with respect to protocols and what the impact on LPP would be?
· 2 companies participated in the discussion and expressed the following opinion:
· One company proposed either to signal the motion state identifier, probabilities, and quality measures for the calculated displacement, velocity and/or attitude (Alt.1); or to signal movement model parameters based on the identified model (Alt.2).
· One company proposes to signal the quality of the reported displacement measurements. The motion state can optionally be included.
· One company indicated that the further discussions are needed to evaluate the reporting size for the LPP signalling.
Rapporteur’s comment: The alternative of signalling detailed specific parameters of individual movement models (e.g. steps of a pedestrian model) needs further study and can be seen as a second step open to be proposed for subsequent work items.
4. Proposed way forward

Based on the above discussion, the following proposals and observations are made on considering movement models:

Proposal 1: The signalling of motion state information is beneficial and should be considered.

Observation 1: The main use case for the application of movement models for positioning in general is the resulting enhanced positioning accuracy 

The following proposal is made on whether movement model information should be signalled independently or linked to specific positioning scheme:

Proposal 2: Motion state information should be signalled independently and not linked to specific positioning methods.
On the signalling of motion state information following proposals have been made:
Proposal 3:  One approach suggests to couple multiple plausible motion states with associated probabilities to handle motion state information ambiguity. In addition to the information ambiguity the list of possible motion states of an UE needs to be defined need to be studied further. 
Proposal 4:  Supporting triggered measurements based on the motion state information need to be studied further. 
Proposal 5: IMU based measurements resulting in the signalling over LPP of displacement, velocity and acceleration may optionally be accompanied by motion state information, i.e. one detected motion state or several plausible motion states associated with probabilities as well as quality indicators. 
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