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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]

In RAN2#99bis, it was agreed to have an offline email discussion on the IMU measurements.
· [99bis#58][LTE/Positioning] Measurements for IMU positioning (Intel)
	To identify the needed measurements to support IMU positioning, with goal of producing a consensus TP if possible.
Deadline: for February meeting
This paper describes the measurements that can be supported for IMU positioning. The expected outcome is to identify and arrive at a consensus on the needed measurements to support IMU positioning.

2.	Measurements
2.1 Measurements for IMU sensors based positioning 
In [2] it is proposed that IMU measurements can either be used in Hybrid mode along with other positioning methods or used exclusively to measure and compute the displacement (for example, when primary positioning method like GPS is lost). Similar observations are made in [3] wherein it is proposed to compute the acceleration, velocity or displacement using the measurements from IMU sensors in conjunction with measurements from other positioning methods (like OTDOA, GNSS, WiFi, BT etc). 
Similar observation on hybrid positioning are made in [7] where it is noted that IMU measurements can complement GPS/OTDOA measurements. However it was proposed as an FFS on whether the UE should send the raw-measurements or processed measurements. Additionally [7] proposes as an FFS on the reporting periodicity and duration for the IMU measurements.
An UE can be operating in three different modes, namely, UE-Assisted, UE-Based and Standalone mode.
2.1.1 UE Assisted Mode
· In [2], in case of UE assisted mode, it is proposed to report either raw measurements from IMU sensors like accelerometer, gyroscope, magnetometer or to report result data (comprising of velocity, orientation and relative displacement). 
· Option 1: When raw measurements are reported it is observed that (10 to 24) * 3 bits for accelerometer, (15 to 18) * 3 bits for Gyroscope and 16 * 3 bits for magnetometer are required per measurement report. Cumulatively this results in 123 – 174 bits per report. The periodicity of reporting is proposed as 80 ms.
· Option 2: When result data (comprising of velocity, orientation and relative displacement) is reported, it is observed that (10+10+8) bits for velocity, 10 bits for orientation and 8*3 bits for relative position need to be reported. Which results in 62 bits per measurement report. The periodicity of reporting is proposed at 1s. It is also noted from [5] that the periodicity of measurement reporting in case of option 1 should be roughly 10 times as that of option 2. Hence [2] recommends to support option 2 for UE assisted mode. This option is also described under “UE- based mode” section of the current document. Hence please refer to the section “UE-based mode” for continuation of discussion on this aspect.

· In [3], in case of UE assisted mode, it is proposed to report the IMU measurements as measured in UE bound co-ordinate system (i.e. Inertial Frame). This proposal is similar to “option 1” from [2] as described above. This includes the raw measurements from accelerometer, gyroscope and magnetometer sensors along with the timestamp of measurements. In order to describe the signalling rate (or reporting size) for Raw IMU measurements, the contribution [3] in-turn refers to [4] wherein it is noted that the IMU data rate would be 10.8 kbyte/s with the maximum sampling rate for accelerometer, magnetometer and gyroscope being 400Hz, 100 Hz and 400 Hz respectively. The computation assumes 4 bytes for the raw measurements for each axis for each of the sensors (i.e. 12 bytes per sensor measurement).

Question 1: Companies are requested to express their views on signalling the raw measurements (i.e. option 1 from [2]) for Accelerometer, Gyroscope, and Magnetometer along the x, y and z-axis in the Inertial Frame (i.e. UE Bound co-ordinates) along with the timestamp of measurement.
	Company name
	Comments/Suggestions

	Qualcomm
	It hasn’t been defined in e.g. [2] what “raw measurements” are, and how the “time stamp” for these measurements is derived (e.g., if IMU measurements are made at 1000 Hz, it seems the time at sender and receiver need to be highly accurate). In addition, none of the contributions cited above provided an evaluation of the benefits of “raw measurements”. For example, it hasn’t been described what an E-SMLC should or could do with these “raw measurements”. 
Our understanding of “raw measurements” is described in [8] and in R1-1718160, and with this understanding we consider reporting of “raw measurements” as both, non-feasible and non-useful. 

	Ericsson
	The meaning of “raw measurements” and “UE-assisted IMU positioning” needs to be made more clear. For example, from 36.305, we have 
Thus, an operation in which measurements are provided by the UE to the E-SMLC to be used in the computation of a position estimate is described as “UE-assisted” (and could also be called “E-SMLC-based”), while one in which the UE computes its own position is described as “UE-based. 
We propose the following definitions: 
Raw IMU measurements – measurements directly from the IMU in UE-bound coordinate system, which can have a sampling rate of several 100 Hz.
Processed IMU measurements – any processing of the raw IMU measurements to filter, down-sample, fuse the raw measurements, possibly also aligning with an earth-bounded coordinate system
UE-assisted mode – a mode where the UE provides measurements to the location server that can be used to estimate the UE position. This includes raw IMU measurements but also processed IMU measurements restricted to acceleration and velocity. 
UE-based mode – a mode where the UE provides relative position information to the location server. For the IMU sensor measurements, this includes one or a sequence of relative displacements in relation to a reference position.
Given the definitions, we are not in favour of reporting of raw IMU measurements simply because it implies extensive data and the benefits on the location server side are unclear.
However, we are in favour of processed IMU measurements, with the following different report content:
· statistical properties of the IMU measurements over a time window. The exact scope of the statistics needs to be defined, but it seems relevant to consider indicators of movements, either for periodical or event-driven reporting
· a sequence of time-stamped velocity vectors in an earth bounded coordinate system
· a sequence of time-stamped accelerometer vectors in an earth bounded coordinate system


	Intel
	Intel agrees with Ericsson on the meaning of Raw measurements and processed IMU measurements. 
Since the raw measurements are sampled at a higher rate, reporting these measurements would entail sending raw accelerometer and/or gyroscope and/or magnetometer measurements at a higher rate which would result in higher signaling. 
Additionally, the raw measurements would require all the processing to be done in the location server which might result in higher processing load at the location server.
Hence sending raw measurements may not be optimal. We prefer sending processed IMU measurements instead of raw IMU measurements to the location server.

	Fraunhofer IIS
	Option 2 is preferred: 
Angular velocity, acceleration and magnetic force in inertial frame are only of limited use as navigational state, especially when the raw data (including biases, which will accumulate errors over time) are transmitted. Internal filtering is (already available in many UEs or easily to be implemented) can achieve good results for states of actual interest (1 D - orientation, velocity, and displacement), so that redundant information is filtered out by the UE before transmission. 
It should be noted that depending on the used IMU sensor the quality of the measurements varies greatly. Additional bits should be reserved for quality estimates, e.g. expressed by variances for estimated velocity, orientation and relative displacement. These qualities depend on the IMU sensor quality and the used algorithms and models for calculating velocity, orientation and relative displacement. The quality estimates are needed to enable the evaluation of the received information in the E-SMLC, e.g. for information fusion error models. 
If Option 2 is used, there is no need to report velocity, orientation and relative displacement all in 3-D coordinates. The azimuth information (orientation) is already in the velocity vector.
Instead, only a 10 bits absolute velocity and a 10*3 bits orientation can be reported. Then, a 3-D motion is observed.
Alternatively, in order to observe a 2-D motion, only a 10 bits absolute velocity and a 10 bit (horizontal azimuth) orientation can be reported as a minimum.

	ZTE
	We think the result data should always be the priority option to report as long as the UE is capable to do so, similar opinion was also proposed in[3] by many other companies.

	SONY
	We do support the reporting of raw sensor measurement data, and support the comment from Ericsson, that the data obviously is to be used for positioning estimation calculation.
All the different variants, UE based, UE assisted etc, and agree for the raw data case, it could be called E-SMLC based.
The reporting rate as well as sampling rate should be configurable.



Summary of Question 1:
6 companies participated in the discussion and expressed the following opinion:
· One company thinks raw measurements are not useful and feasible
· Four companies have similar observation and additionally see an overhead in signalling raw IMU measurements and hence prefer option 2 as described in Question 3. 
· One company thinks that UE should report the raw measurements and supports the idea that IMU should be used in computing the measurements.
As majority of the companies think that either the raw measurements are not useful or they substantially increase the signalling, it is agreed that UE shall not signal the raw IMU measurements and hence the following proposal is being made.
Proposal 1: Due to substantial signalling and lack of utility of raw IMU measurements, it is proposed that UE shall not signal the raw IMU measurements 
Question 2: Companies are requested to express their views on the appropriate periodicity of measurement report as well as number of measurements per report while reporting the raw measurements in Inertial Frame.
	Company name
	Comments/Suggestions

	Qualcomm
	See above.

	Ericsson
	Given the varieties of UE mobility and sensor capabilities the periodicity shall be configurable. Also, both event-triggered and periodical reporting shall be considered, as well as the combination of event-triggered periodic reporting, for example where an IMU-driven event triggers periodic reporting of positioning information.

	Intel
	We do not prefer reporting raw IMU measurements. Hence the reporting periodicity and measurements per report with respect to raw IMU measurements is not relevant. 

	Fraunhofer IIS
	We share Ericsson’s view on configurability, as the required reporting pattern is dependent on the scenario. As an estimate, a periodicity of ~ 50Hz should be enough to capture all but the most dynamic scenarios. The periodicity should be higher than 30 Hz to enable e.g. detection of steps of a pedestrian.

	ZTE
	The use cases and necessity of raw data reporting should be clarified first.

	SONY
	We agree that both the periodicity as well as the content of each report should be configurable, including raw data measurements, if that is a preference from the network. There might be scenarios, which is outside the scope of 3GPP, where .e.g. raw data might be needed to calculate both trajectory of the UE as well as history path tracking.



Summary of Question 2:
6 companies participated in the discussion and expressed the following opinion:
· One company thinks raw measurements are not useful and feasible.
· Three companies would like the periodicity for raw measurement should be configurable.
· One company thinks the question is not relevant as they do not support this option.
· One company is not clear on the use case and necessity of raw IMU measurements.
As majority of the companies do not support signalling raw IMU measurements (please refer to the summary of Question 1), Question 2 may not be of any further interest. Hence Question 2 shall be dropped and no proposals shall be made.
2.1.2 UE Based Mode
· In [2] no measurements are proposed to be reported as a part of UE based mode. UE shall only indicate that IMU sensors were used to compute the position of the UE.
· The contribution [3] proposes to report pre-processed sensor measurements in UE based mode. UE shall process the raw measurements and convert them from UE bound co-ordinates (i.e. inertial frame) to earth-bound co-ordinates (i.e. earth-centered-earth fixed frame). UE shall report these pre-processed measurements in the form of either acceleration, velocity or displacement along with the timestamp of measurements/pre-processing computation.
· Acceleration measurements: In order to report the acceleration in earth bound co-ordinate system, [3] proposed to add a new acceleration description in 23.032.
· Velocity measurements: In order to report the velocity, [3] proposes to use the existing velocity description from 23.032.
· Displacement measurements: In order to report the displacement, [3] proposes to use the existing displacement description from 23.032
Question 3: Companies are requested to express their views on signalling the earth-centred-earth-fixed measurements (i.e. earth bound co-ordinates) for acceleration, velocity and displacement along x-axis, y-axis and z-axis along with the timestamp.
	Company name
	Comments/Suggestions

	Qualcomm
	We consider acceleration, velocity, and displacement reporting not being specific to IMUs. However, we agree that these quantities could be derived using IMUs and therefore, it appears sensible to add an appropriate entry to the locationSource field in LPP. However, the term “IMU” appears not appropriate for this, since these motion measurements would be obtained from an INS.
Although velocity and acceleration could be included in a single measurement report, it appears that displacement reporting is only sensible for periodic reporting. If this is proposed (i.e., periodic reporting), it should be clarified if (and how) the periodic reports are delivered to the LCS client, or if this feature is only considered between UE and E-SMLC. 

	Ericsson
	With the definition proposed above, the UE-based reporting for IMUs only concerns relative positioning, which in case of the IMU corresponds to a sequence of time-stamped displacements in relation to a reference position. The reference position can either be explicit as a stated position, or implicit as a reference time associated to the reference position.
One typical use could be to track objects moving into a tunnel, where the location information sent right before entering the tunnel (e.g. via UE-based GNSS, UE-assisted OTDOA, etc) is used as the reference position, and subsequent reports from the UE only contains relative displacements.

	Intel
	Processed IMU measurements in the form of acceleration, velocity and displacement should result in relatively less signaling compared to raw IMU measurements. Hence we support signaling acceleration, velocity and displacement to the location server. 
In UE assisted mode the UE can signal the acceleration and velocity 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.
In case of UE based mode, for periodic and event-triggered reporting, the UE can additionally 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.

	Fraunhofer IIS
	We agree, raw measurements should be processed and converted to ECEF, otherwise it is necessary to transmit the rotation information, e.g. as quaternions, from sensor-/body-frame to ECEF in addition to the sensor data.

	ZTE
	We agrees to report the result data but did not distinguish whether it is UE bound or earth-centred. Both choice are fine but whether the UE-assisted and UE-based mode should be defined by this point should be discussed. No matter what kind of  result the UE provide, UE-centred or earth-centred, it’s just a kind of auxiliary information in hybrid positioning.We still insist that the two mode should be decided by where the primary position method take place, which should be the same as where the final position was got. 

	SONY
	If the UE is reporting raw data, no IMU calculation is needed in the UE, neither is there a need to consider any earth or body co-ordinate system, i.e. no processing capacity is needed to compute the sensor output, other than possibly forwarding the sensor raw data over the LPP protocol



Summary of Question 3:
6 companies participated in the discussion and expressed the following opinion:
· Five companies agree that UE should send processed measurements and not raw measurements
· One company believes that UE should signal acceleration, velocity and displacement. But these measurements need not be linked to IMU measurements and can come from other sources.
· Two companies believe the UE should signal acceleration, velocity and displacement as computed using the IMU sensors.
· One company believes that the UE should signal velocity, orientation and displacement.
· One company believes that it is sufficient to signal velocity and orientation.
· One company re-iterated its opinion on reporting raw IMU measurements in response to this question. 
As majority of the companies think that UE should signal the processed measurements in the form of acceleration, velocity and displacement, the following is proposed:
Proposal 2: UE shall signal acceleration, velocity, displacement and timestamp to the location server. These measurements can be computed either using IMU sensors or from other sources like OTDOA. Since TS 36.355 already supports signalling of velocity and timestamp, additional signalling shall be defined for acceleration and displacement
There is no agreement on which one of the processed measurements from proposal 2 (i.e. acceleration, velocity and displacement) shall be signalled during UE assisted mode and UE based mode.
· One company thinks that acceleration and velocity should be signalled in UE assisted mode and relative displacement should be signalled in UE based mode.
· One company thinks that acceleration and velocity should be signalled in UE assisted mode whereas acceleration, velocity and displacement should be signalled in UE based mode.
· One company thinks UE assisted or UE based mode should be dependent on the primary positioning method. But it did not provide the details on the measurements that need to be signalled in each of these modes.
Open Issue 1: The type of processed measurements (i.e. acceleration, velocity and displacement) that needs to be signalled in UE assisted mode and in UE based mode need further discussion.
 
Question 4: Companies are requested to express their views on the appropriate periodicity of measurement report as well as number of measurements per report while reporting earth-centred-earth-fixed measurements for acceleration, velocity and displacement.
	Company name
	Comments/Suggestions

	Qualcomm
	We do not think that there is a need for additional periodic reporting values in LPP. We also consider periodic reporting between UE and E-SMLC of limited use. E.g., it has been just recently made optional in LPP and GCF, since no industry interest. Periodic reporting (e.g., as part of a deferred location request (TS 23.271)) does not require periodic LPP reporting. If there are now new use cases, they should be described. 

	Ericsson
	For periodic and event-triggered relative displacements, there are clear use cases from tracking objects when other positioning methods temporarily are unavailable. The displacements can be determined using a combination of the discussed sensor measurements, where the IMU and barometer can be used to estimate relative positions in meter in an earth-bounded coordinate system, and where an indoor/outdoor change detecting sensor can be used to indicate the probability that the device has changed its environment from outdoor to indoor or vice versa.

	Intel
	Currently LPP supports periodic reporting every 1 second. In order to efficiently utilize the processed measurements and to compute user position to a higher accuracy especially in high mobility scenarios, the measurements may need to be reported at a higher frequency. Along with the current reporting interval of 1 second, the configuration should support periodic reporting every 250ms and 500ms. We propose sending one report within each periodic reporting interval containing the acceleration & velocity (in case of UE assisted mode) and additionally relative displacement with respect to a reference position (in case of UE based mode).
Regarding the usefulness of periodic reporting we agree with Ericsson that, in case the primary positioning method is temporarily unavailable due to various reasons (ex: UE moving through a tunnel), it is beneficial to have the measurements from other sources like IMU in-order to continue to estimate the UE position.

	Fraunhofer IIS
	Periodicity of velocity and displacement depends on the used algorithms and models. If simple integration over time is used, velocity and position drifts are high due to sensor noise, so the periodicity must be higher. 
If a model with boundary conditions is used, like e.g. pedestrian motion models, velocity and position drifts are much lower and a periodicity of 1 Hz should be enough. Hence, the used model for estimating velocity and position should be reported together with quality estimates, e.g. expressed by variances for estimated velocity and displacement.

	SONY
	We agree with the Intel view and also think that the reporting interval may depend on availability of primary reporting method, accuracy requirements and potentially UE velocity.



Summary of Question 4:
5 companies participated in the discussion and expressed the following opinion:
· One company indicated that there is no need for additional signalling needed to indicate the periodicity
· One company justified the need for periodic reporting but did not indicate its preference for periodicity.
· One company thinks that in addition to the current periodic reporting of 1 sec there should be support for 250 ms and 500 ms.
· One company supports the idea to increase the periodic reporting frequency and thinks that the reporting interval should depend on factors like primary reporting method, accuracy requirements and UE velocity.
· One company thinks that the periodicity of 1 Hz (i.e. every second) is sufficient. 
Since there is no agreement on the periodicity of reporting. This is an open item.
Open Issue 2: The periodicity of signalling acceleration, velocity and displacement by the UE needs further discussion. 

2.1.3 Standalone Mode
· Measurement need not be reported as a part of Standalone mode.

2.2 Measurements for “Movement Model” based positioning
Contribution [6] proposes to introduce the concept of movement model. UE shall use the IMU measurements to detect the UE motion state. For example, if the user is walking then the UE figures out that it is in pedestrian mode. Once it is detected that the UE is in pedestrian mode, the steps count and step length is estimated using the IMU measurements. 
The measurements to be reported to the server is not explicitly mentioned in [6] and needs to be clarified (i.e. would it be just the movement model or the measurements like step count and step length as well).
Question 5: Companies are requested to express their views on appropriate signalling that is necessary for the support of UE movement model 

	Company name
	Comments/Suggestions

	Qualcomm
	In general, we agree that the motion state can reliably be determined from low cost IMUs. E.g., this has already been evaluated in OMA and added to LPPe. However, the general use case of motion state information reporting to an E-SMLC has not been described and evaluated. For example, the reliability and accuracy of different motion state models and the use of historic motion state data for a particular user has not been looked at.

	Ericsson
	The statistical IMU measurement properties were also discussed as part of the UE-assisted measurements above. We see benefits from using the IMU to trigger start and stop of periodic measurements from the UE. For example, with a reasonably reliable movement detector, reports can be triggered from objects when mobility has been initiated. It is more difficult to use a stationarity indicator in the same way based only on the IMU, since objects moving at constant velocity could indicate stationarity.

	Intel
	We believe this topic needs further discussion in order to identify the necessary measurements to support movement model. Hence we suggest that this topic be taken up as a separate discussion.

	Fraunhofer IIS
	Signaling of movement type: The type of movement (e.g. walking pedestrian, driving automobile, stationary device) is classified in the UE, using available sensor and device information and a state-machine based transition model. Then, a movement model identifier is transmitted to the E-SMLC, together with a set of model-relevant parameters (e.g. number of steps in time interval for the pedestrian or 1-D velocity and heading for the driving automobile). In the location server, the localization filter corresponding to the movement model is employed, using the transmitted parameter set to extract information relevant for positioning. 32 bits, with some movement models requiring significantly less (e.g. number of steps/time interval), need to be reported.
Signaling of quality of movement type detection can be performed with one of the following options:
Option 1: When communication is established, the UE transmits a device identifier (which only needs to be transmitted once). Using this identifier it can be looked up in a table what kind of sensors are available on the device and what is the quality of these sensors. A 20 bit device identifier (one time) is needed. 
Option 2:  A quality estimate (e.g. the error variance) is calculated in the UE and transmitted together with the parameter sets. A drawback is here that the estimation of the quality is done by the UE and can be of weak quality. If not accurately estimated, this strongly effects information fusion results at the location server.
Periodicity: As the filter components that require a high sampling interval are executed in the UE (e.g. step detection for pedestrians) and, for most movements in consideration, the state is mostly constant for time intervals of a few seconds, 1 Hz is sufficient.

	SONY
	Agree with Intel that this should be discussed separately. Dead reckoning is what IMU can be used for when primary positioning methods is temporarily an available.


Summary of Question 5:
5 companies participated in the discussion and expressed the following opinion:
· 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.
Since the exact measurements that need to be signalled have not been agreed by all the companies and the current email discussion may not be able to cover the movement model concept in its entirety, the following is proposed
Proposal 3: The measurements and the signalling needed to support UE movement model shall be taken up as a separate discussion.  

2.3 Measurement for OTDOA based positioning
In [8] it is observed that during a positioning session of 20 seconds, a 100 Hz IMU sensor would generate about 2000 samples, each having at least 6 (float or double) values. Measurement reporting rate would be higher if these measurements are signalled. Typical output rates of IMUs could be between 100 and 1,000 Hz. 
It is also noted in [8] that each IMU sensor might have its own output errors like biases, axis misalignments, noise, and quantization errors. Hence [8] believes that reporting raw measurements to server may not be prudent and UE should convert the measurements into motion measurements like device velocity, acceleration or displacement. Additionally contribution [8] notes that the IMU measurements should be converted from Inertial frame to earth-centered-earth fixed frame in-order to be used in hybrid mode along with measurements from GNSS or OTDOA. 
Contribution [8] provides a proposal to signal the UE velocity, acceleration and change in location along with OTDOA measurements. It describes the proposed signalling IEs and proposes that LPP shall be Enhanced to enable a UE to provide information to an E-SMLC concerning movement of a UE during an OTDOA location session. Include the following information in the IE OTDOA SignalMeasurementInformation in LPP:
· timestamp for each TOA measurement used by the UE to determine RSTD;
· time source used by a UE for TOA measurements; 
· motion measurements (in form of device velocity, acceleration and location change) for each timestamp

Question 65: Companies are requested to express their views on signalling the movement of UE during an OTDOA session. UE shall signal the motion measurements (i.e. device velocity, acceleration, location change) along with the timestamp as well as time source used for measurements. 

	Company name
	Comments/Suggestions

	Qualcomm
	This should be Question 6?
Although, the motion measurements could in principle be reported separately, it seems preferable to report them together with other positioning measurements (e.g., RSTDs) since there is a tight coupling between the individual positioning measurements (e.g., TOAs for RSTDs) and motion measurements (e.g., velocity, acceleration). 
We believe that this is also per agreement from RAN2#98: “Only support hybrid positioning for IMU as mentioned in WID scope”.
We also believe that this is one application of IMUs worth including in Rel-15.

	Ericsson
	The term “hybrid” can be defined as (Merriam-Webster):
“something heterogeneous in origin or composition” with heterogeneous defined as:
“consisting of dissimilar or diverse ingredients or constituents”
We therefore, considers the IMU scope of the WID to comprise:
· using IMU data together with data from other positioning methods without restrictions to when and how these are reported or processed
· using IMU data to trigger other positioning methods and associated measurements
It is clear that given the definition of hybrid above that motion measurements can be reported with location information associated with other positioning measurements either in the same reports/messages or in separate messages, where the separation can be in time.
Since one of the use cases of IMU measurements is to provide information when other positioning methods are unavailable, it is therefore important to allow separated measurements, as well as aligned and combined measurements. From a sensor fusion perspective, both types of reporting configurations can naturally be handled.

	Intel
	Limiting the signaling of acceleration/velocity/displacement information to OTDOA may not completely cover all use cases. For example the UE might be moving through a region where there is temporary failure in computing OTDOA measurements. This may invalidate reporting acceleration and velocity information as well which could become vital in estimating the user position and could have been computed using IMU. 
Moreover network need not request OTDOA measurements in all use cases (for example Network initiated GNSS only MSA). In such a use case the UE may fail to report the acceleration, velocity and displacement values which can still be computed and reported using IMU measurements.
Additionally there could be some form factors that may not have modem and support, say, SUPL over WiFi even in this case the UE may fail to report the acceleration, velocity and displacement due to non-availability of OTDOA even though it can compute acceleration, velocity and displacement using IMU.
Hence we believe it would be beneficial to decouple the reporting of acceleration, velocity or relative displacement from a specific positioning method.

	Fraunhofer IIS
	During OTDOA sessions, providing the E-SMLC with IMU derived information helps to compensate the error resulting from UE movement. We agree with the proposal in [8] that it is useful to provide the derived IMU measurements as movement information. A common timestamp for the movement information and RSTD measurements is needed but this does not necessarily mean that this information can only be reported along with the UE TOA measurements.

	SONY
	In principle agree with Ericsson and Intel, but in case OTDOA is used a primary positioning method, this should be used to get the fix point to relate the IMU/sensor based measurements



Summary of Question 6:
5 companies participated in the discussion and expressed the following opinion:
· One company thinks that even though motion measurements (i.e. acceleration, velocity & displacement) can be reported separately it thinks that these measurements should be coupled with measurement from a specific positioning method (ex: OTDOA) 
· Three companies think that the motion measurements (i.e. acceleration, velocity & displacement) need not be coupled with a specific positioning method.
· One company agrees that motion measurements need not be coupled with a specific positioning method but thinks that if OTDOA is used as primary positioning method then the position computed using OTDOA measurements should be used to relate the IMU/sensor measurements. 
Since majority of the companies think that the reporting of motion measurements should not be couple with a specific positioning method and since proposal 2 already captures the fact that motion measurements shall be reported for all positioning methods there is no need to have any additional proposals.

4.	Summary and Proposals
Based on the discussion above, with respect to raw measurements, one proposal is made as described below:

Proposal 1: Due to substantial signalling and lack of utility of raw IMU measurements, it is proposed that UE shall not signal the raw IMU measurements
With respect to processed measurements, one proposal is made which is described below:
Proposal 2: UE shall signal acceleration, velocity, displacement and timestamp to the location server. These measurements can be computed either using IMU sensors or from other sources like OTDOA. Since TS 36.355 already supports signalling of velocity and timestamp, additional signalling shall be defined for acceleration and displacement
There are two open items with respect to processed measurements as noted below:
Open Issue 1: The type of processed measurements (i.e. acceleration, velocity and displacement) that needs to be signalled in UE assisted mode and in UE based mode need further discussion.
Open Issue 2: The periodicity of signalling acceleration, velocity and displacement by the UE needs further discussion. 
With respect to movement model based positioning, one proposal is made as described below:
Proposal 3: The measurements and the signalling needed to support UE movement model shall be taken up as a separate discussion.  
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