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

In RAN2#101, it was agreed to have an offline email discussion on the IMU measurements [2], to continue the discussion on inclusion of IMU data in LPP, which was not concluded based on previous email discussion [3]
[101#81][LTE/Positioning] Details of reporting acceleration and displacement (Sony)
	To converge on the signalling design and report content for acceleration and displacement measurements.
	Output: Report to next meeting
	Deadline:  Thursday 2018-03-29

This email discussion is structured in a way that companies are encouraged to provide inputs on the measurements that can be supported for IMU based positioning. The expected outcome is to identify and arrive at a consensus on the needed measurements to support IMU positioning, with the target to agree in a form of TP for 36.305 and 36.355.

2. Background
In [4], it is proposed depending on the use-cases and UE capability, both IMU output (processed and transformed data) should be supported and the network can configure the operation.
Almost all smartphones and tablets contain IMUs as orientation sensors. This gives a good opportunity for E-SMLC to utilize UE-assisted IMU positioning estimate for hybrid positioning with other positioning methods to enhance the precision and reliability in the location estimate or just utilize the UE-based IMU positioning estimate, when cellular and GNSS based positioning methods are limited. In [4], we have described IMU computation that utilize sensors such as accelerometer, gyroscope, and magnetometer. The IMU computation can be used for finding the orientation, velocity estimation, and pedestrian dead reckoning (PDR). Moreover, IMU raw data calculation, reporting size, and use-cases/scenarios have also been given. 
Given the above, we have the following definitions: 
· Raw IMU measurements – measurements directly from the IMU/sensor in UE-bound coordinate system, which can have a sampling rate of several 100 Hz.
· Processed IMU measurements – any processing of the raw/sensor IMU measurements to filter, down-sample, and extract statistical properties of the raw measurements, still in a UE coordinate system 
· Transformed IMU measurements – any processing of the raw IMU measurements to fuse and align with an earth-bounded coordinate system
From the main views in the email discussion, it seems that raw IMU measurements may not be handled. With respect to the IMU operation at the UE, we can consider the other two possible operations modes Figure 1 or combinations of them:

[image: ]
[bookmark: _Ref506362425]Figure 1: IMU operation with the transformed output (A) and with the processed output (B)
In Figure 1, the IMU has multiple sensors and a CPU. It is up to the implementation whether the CPU resides in IMU or re-use the existing main CPU in the UE. Figure 1A illustrates when the IMU output to be reported to the E-SMLC via LPP protocol are the transformed IMU data. It can be the UE vertical velocity, horizontal velocity, orientation/direction, etc., all in an earth-bounded coordinate system These may require relatively high CPU computation. The output accuracy also varies depending on the number/type of sensors and sensor quality. Figure 1B illustrates that the IMU provides processed IMU measurements in an UE-bounded coordinate system. Note, the processed IMU data output is not necessarily the instantaneous sensors output. It can also be based on the statistical analysis of the sensors, such as the average and variance. Producing such outputs consumes relatively low CPU computation. This type of output provides more flexibility to the E-SMLC, for example to compute both vertical and horizontal velocity or only horizontal velocity, and also to perform hybrid positioning.
In practice, the IMU in a UE can produce both processed output and transformed data output. Depending on the use-cases and UE capability, both IMU output should be supported and the network can configure the operation.
In [6], it was additionally proposed to report the displacement on top of acceleration, where displacement would be the movement of the device under a given time period.

3. Measurement representation
3.1 Transformed data 
3.1.1	Displacement 

In [6] proposals was made as CR to 36.355 on how to represent displacement. 
Question 1: Companies are requested to express their views   on how displacement should be represented? As a delta position, or as a start and end position? 
Should IMU measurements be defined as part of other specific existing positioning methods or should it be added as a more generic way as part of sensor methods. The aim is to find a uniformity and to find a consensus to capture IMU in 36.355.
 
	Company name
	Comments/Suggestions

	[bookmark: _GoBack]SONY
	Displacement information may have some benefits, but are representing a movement during a certain time period, and may require more accurate starting position than just estimating velocity. We think that displacement representation needs some further discussion, but think it can be supported if clearly defined. 

	Qualcomm
	Displacement (trajectory information) should be represented as delta-positions, and should be provided together with other positioning measurements as described in e.g., R2-1803397 and R2-1803398. For the use case elaborated in these contributions, the absolute position does not matter. In R2‑1803398 the reference position is selected as (0,0) at the time when the reference cell has been measured, and delta-positions are provided for the neighbour cell measurement times (relative to the previous measurement).

	ZTE
	To get a displacement with same accuracy by integrating the velocity,acceleration and angular information on the network side would require a much big reporting frequency(equal to the IMU sensors sample rate), and down-sampling reporting would make the result more inaccuracy, considering the sensors’ quality in the UE, the result is already rough enough and we see no reason to make the error bigger.So reporting the displacement is necessary.The other thing is that any data(displacement,velocity,acceleration) should be under certain coordinate system .Whenever they are mentioned, we should be clear which coordinate system they are in.If we can figure out which coordinate is proper to express the displacement first, this problem can be better solved.

	Ericsson
	One of the important use case of IMU is when UE enters into the tunnel and happens to lose the GPS signal. IMU sensor-based measurements should then be provided. How often and when the UE should report IMU Positioning measurement can be configured by E-SMLC and trigger condition for report generation could also be provided. UE should provide relative displacement measurements in a segment (start and end position interval).  One segment relative to previous segment end point. Delta measurement based upon this can also be deduced.
The IMU measurements to capture the displacement can be more generic so any positioning method should be able use it. It is good to avoid restriction for the use of displacement with only certain positioning method. Any new positioning method defined in future should have also the possibility to use the displacement without having the need to duplicate the displacement definitions (ASN.1).
We Should support generic approach, so any new positioning method has also the possibility to use it without the need for duplicating the behavior. The LPP structure provides the mechanism to extend sensor methods in a generic way. IMU are sensor so the LPP structure with Sensors should be preferably be used.

	Intel
	Signaling of displacement is preferred. In case of UE based mode, for periodic and event-triggered reporting, the UE can signal the relative displacement with respect to a reference position which can be used in conjunction with the position estimate computed using other positioning methods like GNSS/OTDOA/WiFi/BT. We think that the signaling for displacement as proposed in [6] is sufficient.

	Fraunhofer IIS
	Displacement should be represented as delta positions. As the role of IMUs in many positioning scenarios is in providing auxiliary positioning information to another positioning method, it should not be coupled with a specific method but rather be considered as a separate sensor available for the enhancement of multiple positioning methods.



Summary of Question 1:
All companies (6) are favourable or have no objection to support reporting of Displacement. The remaining question is how the Displacement should be represented. Also only one company definitely prefers to have the report coupled to each poisoning method.
· One company think Displacement should be reported as Delta position, as suggested in R2-1803397 and R2-1803398.
· One company think we need to decide what co-ordinate system to be used.
· Two companies think UE should provide relative displacement measurements in a segment (start and end position interval), and think that the displacement report should be reported independently and not related to a specific positioning method.
· One company think the relative displacement with respect to a reference position which can be used in conjunction with the position estimate computed using other positioning methods as in [6]
As majority of companies, and now one is against reporting of displacement the following is proposed. 
Proposal 1: The UE shall signal displacement to the location server
Then it seems not feasible to draw any conclusions and suggest an  agreement on how the displacement should be reported.
It may be more beneficial to report delta value, since less bits in the report, but it would require more work to define this delta shape for TS 23.302. If the agreement is to define new delta shapes, this should preferably be done as a specific email discussion after the Sanya meeting.
Proposal 2: RAN2 should discuss and decide whether to select A) define new delta shapes for displacement values, or B) delta values is reported as multiple positions with start and stop interval. 
Lastly, two companies prefers to report displacement in conjunction with other positioning methods, while three companies prefers a more generic approach.
Proposal 3: The reporting of displacement should be defined generically.

3.1.2 	Velocity 

In [5] proposals were made as CR to 36.355 on how to use the existing representation of velocity. 

Question 2: Companies are requested to express their views on if the current velocity representation enough.
 
	Company name
	Comments/Suggestions

	SONY
	We think that the currently representation is enough with the minor updates as proposed in [5].

	Qualcomm
	Velocity reporting is supported since 3GPP Rel-7 (end-to-end in all affected protocols) and independent of the positioning method (i.e., provided in common IEs). However, for the use case described in e.g., R2‑1803397 and R2-1803398 velocity should be reported in the navigation/TOA measurement frame (i.e., local NED coordinates). 

	ZTE
	We share the view that currently reporting is enough.

	Ericsson
	We also agree with Sony’s and ZTE’s view that current representation is enough.

	Intel
	We agree with Sony, ZTE and Ericsson that the current representation is sufficient.

	Fraunhofer IIS
	We see potential use cases where the requirements for the vertical velocity are similar to the ones for the horizontal velocity (e.g. UAVs). Therefore, we suggest increasing the resolution for the vertical velocity to the same value as for the horizontal velocity. 



Summary of Question 2:
Four companies supports the view that current report is enough, while one company think that the resolution for vertical velocity is needed. One company think the velocity should be reported in the navigation/TOA measurement frame (i.e. local NED coordinate.
As majority of companies think that current report is enough, the following is proposed. 
Proposal 4: The current report of velocity in 36.355 is sufficient according to [5]. 

3.1.3	 Acceleration 

In [5] proposals were made as CR to 36.355 on how to represent acceleration. 

Question 3 Companies are requested to express their views on if this proposal is good enough to cover the needs to represent this parameter.
 
	Company name
	Comments/Suggestions

	SONY
	We think that the proposed updates in [5] is good enough.

	Qualcomm
	The purpose of this acceleration representation and reporting is unclear. Velocity can be provided to an external LCS client. However, it is unclear what an LCS client should do with an acceleration. For the use case described in e.g., R2-1803397 and R2-1803398 acceleration/velocity or displacement is needed in the navigation frame (i.e., local NED coordinates) at the time when a TOA measurement has been made. Note, if the source of these measurements is the same (e.g., IMU), either acceleration/velocity or displacement would be needed, but not both (i.e., they provide the same information).

	ZTE
	As we said during the meeting, the only way to make reporting acceleration meaningful would be with moving model information.

	Ericsson
	Yes, Acceleration representation similar to existing velocity representation has been defined in [5] and we agree with Sony that this can be adopted. 
We should introduce this is a generic way, so that any new positioning method has also the possibility to use it without the need for duplicating the behaviour. The LPP structure provides the mechanism to extend sensor methods in a generic way. Moreover, IMUs are sensors so the LPP structure with Sensors should be preferably be used.


	Intel
	In UE assisted mode the UE can signal the acceleration measurements. Since the WI proposes hybrid positioning for IMU, these processed IMU measurements can be sent along with measurements from GNSS/OTDOA/WiFi/BT to achieve hybrid positioning in the location server. We think that the signaling for acceleration as proposed in [6] is sufficient.

	Fraunhofer IIS
	We do not necessarily see much use for the reporting of acceleration as a good velocity estimate might be able to cover all use cases.
If acceleration is reported, we agree with Ericsson’s view on the need for a generic way for the representation of acceleration. We think that the proposed updates in [5] are good enough. As a detailed point, we see potential use cases where the requirements for the vertical acceleration are similar to the ones for the horizontal acceleration. Therefore, we suggest increasing the resolution for the vertical acceleration to the same value as for the horizontal acceleration.



Summary of Question 3:
Three companies think that the proposed updates in [5] is good enough, but one company would like to increase the resolution.
One company think that signalling of acceleration unclear. 
One company would like the support of moving model to be defined. (Perhaps see separate email RAN2# 101#80 UE movement model) 
One company prefers to suggestion in [6]. 
One company think that the resolution is increased. This seems reasonable. 
As majority of companies’ think that the proposal in [5] is good enough, the following is proposed. 
Proposal 5: The proposed updates in [5] on how to represent acceleration is to be supported.
Proposal 6: RAN2 to agree on increased resolution for the vertical acceleration. Exact values can be discussed for next meeting.
3.1.4 	UE capabilities for transformed data 

In [5] and [6] proposals were made as CR to 36.355 on what type of capabilities that would be needed. 

Question 4 Companies are requested to express their views on these two proposal on which UE capability parameters that would be needed.
	Company name
	Comments/Suggestions

	SONY
	We think that the proposed capabilities in [5] are more generic. The proposal in [6] is another way to represent the same sort of capabilities are repeated and coupled to other positioning methods. We prefer the proposal in [5].

	Qualcomm
	The details of the UE capabilities depend on how a feature is introduced in LPP.  For the use case described in e.g., R2-1803397 and R2-1803398 a new entry in the OTDOA capabilities would be needed.

	ZTE
	It seems that a quite reasonable CR is ignored.As explained above, the way in R2-1801973 should be used as a basis. 

	Ericsson
	Yes, we also support generic approach, so any new positioning method has also the possibility to use it without the need for duplicating the behavior. The LPP structure provides the mechanism to extend sensor methods in a generic way. IMU are sensor so the LPP structure with Sensors should be preferably be used.

	Intel
	We think that the proposed UE capabilities in [6] are sufficient.

	Fraunhofer IIS
	We agree that IMU are sensors. We think that the proposed structure of [5] is more generic, i.e. the use of the IE structure with sensors should be preferred. With regard to detailed definition of sensors, [5] introduces a higher level of detail, e.g. by distinguishing accelerometers from gyroscopes. The definition of gyroscopes would mean to also define different types of data to be reported like in this case angular velocity. We propose to avoid this level of detail and to stay with the signaling of IMU-based displacement, velocity [and acceleration].




Summary of Question 4:
Three companies think that the proposed structure in [5] is preferred. 
One company prefers to use R2-1803397 and R2-1803398 as basis.
One company would like the way in R2-1801973 should be used as a basis.
One company prefers to suggestion in [6]. 
As majority of companies think that the proposal in {5} is good enough, the following is proposed. 
Proposal 7: The proposed updates in [5] on which UE capability parameters that would be needed is to be supported.

3.1.5 NED 

In [7] proposals was made for indication of relative location information using local NED coordinate system.
Question 5: Companies are requested to express their views on using the legacy LPP format of position coordinates or using the NED coordinate system.
	Company name
	Comments/Suggestions

	SONY
	For transformed data, we should start with using legacy LPP format, The usage of NED coordinate system may need further discussions,

	Qualcomm
	As mentioned above, for the IMU use case, motion measurements should be reported in the navigation frame (i.e, local NED coordinates). 

	ZTE
	No data could exist beyond a coordinate system at least in basic math, to which our discussion is only related.And local NED seems to be the only reasonable coordinate system that could be used.

	Ericsson
	Yes, it would be good to understand as how NED co-ordinate system could bring benefits compared to legacy LPP formats such Earth centered bounded co-ordinate system.

	Fraunhofer IIS
	In our understanding, [7] introduces the full terminology needed to represent and to transform positioning data in the three relevant different frames: body frame, local frame (NED) and global frame. It is our opinion that different contributing positioning methods from the same UE might require signaling in different coordinate systems (e.g. IMU data are only able to be obtained in a body frame, GNSS or OTDOA data are obtained in a global frame …). Coordinate transformations, however require an estimate of the attitude/orientation of the sensor w.r.t. the NED frame. 



Summary of Question 5:
Two companies prefers to use the NED coordinate system, while 3 companies would like to understand how this NED would benefit compared to legacy formats.
Open issue 1: Majority of the companies would like to understand how this NED frame would benefit compared to legacy  formats:

3.2 Processed data 
3.2.1	Processed data representation 

IoT UEs may not have the capability to support transformed data. Then, we do not get anything, unless there are some simpler representation of only processed data defined. What use cases can be considered, and what possible data representations can be considered.
Question 6: Companies are requested to express their views on how IoT devices with less capability to support transformed data should, can anyway be able to provide some processed data
	Company name
	Comments/Suggestions

	SONY
	We think that IoT devices which may be less capable in different aspects, e.g. it may not support advanced IMU functionality for transforming sensor data, should be able to report simpler processed raw data.

	Qualcomm
	This seems to depend on implementation. From LPP point of view, all positioning methods are applicable to e.g., IoT. In addition, some evaluation seems needed to determine the benefits of reporting processed data versus any requirements needed to realize these benefits – e.g. such as an ability by a UE to accurately measure and report absolute orientation and/or change in orientation.

	ZTE
	We think any time when the processed data could be reported, the displacement could be got without much computation work.So to report the displacement and velocity is enough.

	Ericsson
	CAT-M/IoT devices has been used for tracking and positioning purposes. Some of the CAT-M/IoT devices can be equipped with GPS Positioning. In order to avoid performing extra processing on the UE side, it can be useful to send simpler processed raw data to E-SMLC for post processing.

	Intel
	We think that acceleration, velocity and displacement are sufficient to meet the objectives of the WI.

	Fraunhofer IIS
	If the frame the obtained data are represented in is signaled, IoT UEs without the capabilities of transforming the data from the body frame to a global coordinate system may still provide processed data.  With IoT devices with low capabilities, use cases like obtaining a motion state (i.e. if the device is being moved or not) are also relevant.



Summary of Question 6:
Three companies have preferences of supporting IoT devices with less capability of reporting processed sensor/IMU data.
Two companies think that any of acceleration, velocity and displacement is enough.
And one company think it depends on implementation.
Since there is not a clear majority of companies that have preferences of supporting IoT devices with less capability of reporting processed sensor/IMU data, the following is proposed. 
Open issue 2: RAN2 to further discuss if, in addition to transformed IMU data, also processed IMU/sensor output data is supported to be reported.


3.2.2	UE capabilities of processed data 

In [5] proposals were made as CR to 36.355 on reporting of average and variance in“AdditionalSensors-MeasurementInformation 

Question 7: Companies are requested to express their views on what UE capability parameters that would be needed for processed data
	Company name
	Comments/Suggestions

	SONY
	We think there should be a capability for the UE/IoT device to report whether it has full support to report Transformed IMU data, or only is able to report processed data.

	Qualcomm
	See 3.1.4 above.

	ZTE
	See 3.1.4 above

	Ericsson
	Yes, IMU represents gyroscope, accelerometer and magnetometer. UE should specify what sort of IMU capability it has and similarly should be able to report the ability to provide transformed data and/or processed data.

	Intel
	Please see the section 3.2.1.

	Fraunhofer IIS
	Please see sections 3.1.4 and 3.2.1. In addition, we think that the quality of the sensor should also be signaled, as it also carries valuable information for further use in hybrid positioning schemes (and for the support of movement models).



Summary of Question 7:
Three companies have preferences of supporting IoT devices with less capability of reporting processed sensor/IMU data, though one of these companies prefers to additionally support signalling of quality.
Two companies think that any of acceleration, velocity and displacement is enough.
And one company think it depends on implementation.
Since there is not a clear majority of companies that have preferences of supporting IoT devices with less capability of reporting processed sensor/IMU data, the following is proposed. See Q6.
Open issue 3: Pending Q6

4. Measurement Criteria
Currently, the report triggering in LPP is based upon cellChange or reportingDuration. 
Question 8: Companies are requested to express their views on trigger condition of the IMU measurement, whether the above legacy trigger condition can met the trigger of IMU measurement or should it be based upon any other criteria.

	Company name
	Comments/Suggestions

	SONY
	We think the legacy trigger conditions are ok, and we have no strong view on whether additional conditions should be added like movement detection.

	Qualcomm
	Triggered reporting is only supported for E-CID. The need and applicability for other positioning methods require further studies. 

	ZTE
	We think it could be triggered reporting is OK but the use cases should be made clear first.

	Ericsson
	IMU based sensor devices may need some assistance from E-SLMC to specify when measurement should be triggered. Similar to existing legacy trigger case for ECID based upon cellChange and reportingDuration is also desired for IMU. The trigger condition based upon mobility/movement can also be a way for E-SMLC to control the amount of processed data that the UE can send. Otherwise, there can be situation where UE generates a lot of data and happens to bombard E-SMLC with massive amount of data to post process. Therefore, we suggest adding a trigger condition similar to ECID measurement reporting trigger conditions.
 

	Intel
	We think that the trigger condition can be the reporting duration. Currently the periodic reporting is 1 second. The periodic reporting can be made configurable. Along with the current reporting interval of 1 second, the configuration should support periodic reporting every 250ms and 500ms.

	Fraunhofer IIS
	We agree with ZTE that the use cases should be made clear first. As the temporal behavior and dynamics of IMU data is mainly dependent on the motion type of the UE, it is our view that it is additionally beneficial if the reporting duration could be chosen according to the classified motion state (determined e.g. using movement models) of the UE.



Summary of Question 8:
Most companies think that the legacy trigger conditions are ok, but some would like the applicability or usability to be clarified first for other methods than E-CID. The following is proposed.
Proposal 8: The legacy trigger conditions are used as basis for other positioning methods as well, starting with IMU and sensors.
5. Reporting Location Source
Currently, the location source reporting is done as below. 
LocationSource-r13 ::= BIT STRING {	a-gnss				(0),
									wlan				(1),
									bt					(2),
									tbs					(3),
									sensor				(4) } (SIZE(1..16))

-- ASN1STOP

Question 8:_Companies are requested to express their views whether the above can be extended to also use for IMU measurement reporting criteria or should any other mechanism be used to report the hybrid and IMU location sources.
	Company name
	Comments/Suggestions

	SONY
	We think LocationSource should be extended to cover IMU and/or a list of relevant sensors, le.g. accelerometer, gyroscope, magnetometer.

	Qualcomm
	The ‘sensor’ entry in the LocationSource appears sufficient. E.g., there is also no requirement for additional information on the ‘a-gnss’ method (i.e., GPS, GLONASS, etc.). The justification and use case should be provided if an extension of the LocationSource is deemed needed. 

	ZTE
	We think it should be extended to include IMU sensors.

	Ericsson
	We agree with Sony. IMU can be one of the location source for hybrid positioning method. In such case, it would be useful that IMU location source is also reported.
Please note that the current sensor signaling support in the spec is limited to Barometric Pressure Sensor. We believe that IMU is very different from Barometric sensor. Besides, for operator’s observability, it would be good to see what sort of sensors are most widely used for positioning. So, having granular location source should improve observability and identifies penetration(usage) of different sensors.

	Intel
	We think that location source already includes sensors hence the current representation is sufficient.

	Fraunhofer IIS
	We think it should be extended to include IMU sensors. Like Ericsson says, this is most useful to support hybrid positioning schemes.



Summary of Question 9:
Four of the companies think that the location source should be extended to include IMU sensors.
Two companies think the current representation is sufficient.
As majority of the companies think that the location source should be extended to include IMU sensors, the following is proposed. The exact format can be left FFS for next meeting to finalize an exact CR.
Proposal 9: The location source should be extended to include IMU sensors. 


7.	Summary and Proposals
Based on the summary above, the following proposals and open issues are captured

Proposal 1: The UE shall signal displacement to the location server
Proposal 2: RAN2 should discuss and decide whether to select A) define new delta shapes for displacement values, or B) delta values is reported as multiple positions with start and stop interval. 
Proposal 3: The reporting of displacement should be defined generically.
Proposal 4: The current report of velocity in 36.355 is enough.
Proposal 5: The proposed updates in [5] on how to represent acceleration is to be supported.
Proposal 6: RAN2 to agree on increased resolution for the vertical acceleration. Exact values can be discussed for next meeting.
Proposal 7: The proposed updates in [5] on which UE capability parameters that would be needed is to be supported.
Open issue 1: Majority of the companies would like to understand how this NED frame would benefit compared to legacy legacy formats:
Open issue 2: RAN2 to further discuss if, in addition to transformed IMU data, also processed IMU/sensor output data is supported to be reported.
Open issue 3: Pending Q6
Proposal 8: The legacy trigger conditions are used as basis for other positioning methods as well, starting with IMU and sensors.
Proposal 9: The location source should be extended to include IMU sensors.


Further;
Based on the email discussion above, proposed CR´s and LS to SA2 for this meeting may be looked at in detail and selected to be agreed or used as baseline for final modifications to support the agreements at the meeting

Then;
Please provide your company  views to the email discussions and refrain from submitting a contribution to the next meeting on the topics that have been adequately addressed by the email discussion. In cases where a particular aspect of an email discussion was not conclusive, and hence a single proposal for a way forward cannot be made, then the rapporteur should provide a proposal to discuss, identifying the key questions to be answered and the main options to select between. The email discussion report should be the only document that needs to be treated on the subject, and other tdocs on the same topic should not be necessary. 
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