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Introduction
RAN2 concluded the study on RAN-centric data collection and utilization for LTE and NR in [1] and a corresponding work item was agreed during RAN #84. The work item description includes sensor data collection as captured in the following objective [2]: 
	· Support of MDT features for identified use cases, including coverage optimization, QoS verification via MDT, indoor MDT improvement, location information reporting, and sensor data collection [RAN2, RAN3]
· Specification of Logged MDT for both RRC_IDLE and RRC_INACTIVE UEs [RAN2, RAN3, RAN4] 
· Specification of Immediate MDT for RRC_CONNECTED UEs[RAN2, RAN3]
· Specification of reporting e.g. RLF and accessibility measurements [RAN2, RAN4] 
· Specification of MDT for standalone, NR-DC and EN-DC scenario including CU-DU split architecture [RAN2, RAN3]
· NOTE: NE-DC and NGEN-DC scenarios may be supported if the specifications above cover those without any additional stage 3 specification effort, but W1 specification work for MDT is not included in this WID.



During the study item phase, sensor data collection was found beneficial for both mobility robustness optimization (MRO) and minimization of drive tests (MDT) [3]: 
	To support MRO for NR, UE RLF report should also be supported in NR. The following information should be included in UE RLF Report: 
· […]
· Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g. digital compass, gyroscope as well as barometer, etc.). 
· UE speed state (low, mid, high) detected by UE as part of speed-based scaling procedure.
[…]
[bookmark: _Toc14821277]5.7.2.4	Use case: Sensor data collection
In addition to location and time information, UE orientation in a global coordinate system can be collected in MDT if the information is available. No additional measurement is required.
[…]
The procedures of LTE MDT are the baseline of NR MDT.
· In addition to location and time information, following sensor information can be collected if available:
· The uncompensated barometric pressure measurement if available can be included in the MDT report.
· NR MDT measurements can be tagged with information fields informing the network about UE speed.
· NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system.



In this contribution, we present our views on the incorporation of three specific sensors, namely, digital compass, gyroscope, and accelerometer for the use cases of MDT and MRO to inform the network about UE speed and UE orientation. Data driven network automation is a key component of fifth generation software defined networks  and standards support is crucial to enable such increased automation right within the radio access network.
Gyroscope and digital compass / UE orientation 
NR can inherit the general reporting and logging procedures of NR. However, what is reported and logged for NR requires further consideration. Since the introduction of MDT and MRO into LTE, several things have changed. For one, 3GPP has specified a completely new air interface, namely, 5G NR. At the same time, the device ecosystem has dramatically changed. When LTE MDT was specified, the only sensor predominant in handheld devices that was leveraged was the global navigation satellite system (GNSS) receiver. However, for the last five to ten years, popular smartphones have been equipped with accelerometers, compasses, gyroscopes, and barometers to name a few. Originally, these were primarily targeted at video game applications, although nowadays they see a wide variety of use cases spanning from health and fitness to augmented and virtual reality. 
Data from these sensors not only enhance the user experience, they can also be leveraged in RAN-centric data collection in general, and for MDT and MRO in particular. LTE MDT measurements are logged together with two parameters, a time stamp and a location stamp. For NR, leveraging the compass and gyroscope, in addition to time and location, the device orientation can be logged and reported to the network. This allows the network to not only infer when and where a measurement was taken but in addition, the network can conclude from where the energy that was measured is originating. 
In LTE systems, the common signals and channels are not beamformed. More precisely, the beamforming is standard transparent and thus, any beamforming applied to common channels and signals avoids narrow beams. For example, LTE systems may employ semi-static beamforming of common signals and channels for the purpose of cell shaping and cell breathing, e.g., to optimize energy savings or load balancing in the network. While information on the orientation of a device when performing an MDT/MRO measurement could be useful in these scenarios, it is most beneficial in systems that use narrow pencil beams to transmit common signals and channels such as the 5G NR system. In NR, synchronization signals, broadcast channels, and common channels transmitting system information and paging messages are beamswept using a multitude of beams. A UE may probe said multitude of beams using either omni-directional antennas or, alternatively, using beamsweeping of receive beams to further improve the link budget. Regardless of the UE implementation, in addition to the actual measurement, a UE decodes a corresponding beam index carried in the MIB on the PBCH which correlates the measured quantity with a beam at the base station. 
Using narrow pencil beams has the benefit of improved link budget which is important in millimeter wave based systems which generally enjoy larger bandwidths and thus experience significantly larger noise floors. However, since narrow beams cannot cover an entire sector or cell, beamsweeping is required which transmits identical information on different beams into different spatial directions. Therefore, beamsweeping comes at the expense of increased overhead and thus optimization of the beamsweeping procedure is important to operators. 
By allowing UEs to not only report when and where a measurement was taken, but also from where energy was (or was not) received, the beamsweeping operation can be improved at the network. This is somewhat similar the LTE MDT, although there, due to omni-directional nature of common signals and channels, the “from where” information was less relevant. 
In particular, the UE can use sensor data, e.g., from a compass and gyroscope, to record its orientation in a global three-dimensional coordinate system that is known to both the UE and the network. For example, such a three-dimensional coordinate system can be constructed from the GNSS coordinates together with the compass direction in degrees and elevation information. More precisely, the UE first takes the measurement in a local coordinate system, e.g., defined by three axes along the width, height, and depth of the handset and then uses the gyroscope and compass to translate the local coordinate system into the global one. 
In fact, such technologies are already implemented in today’s smartphones where a user’s location on a map is not only indicated by an isotropic point but rather by an arrow signifying the orientation of the device, e.g., ^ assuming the user is facing North. 
From an MDT/MRO perspective, instead of simply telling the network “there is weak reception here”, the UE can now inform the base station that “there is weak reception here and I am measuring from this direction.” This information can be highly valuable in deciding whether new base stations are required or, alternatively, whether the beamsweeping operation at an existing base station can be optimized to provide better coverage at the UE’s location. 
Proposal 1: In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system
Accelerometer / UE speed
The aforementioned sensors can furthermore be used to obtain information on the speed of the user. For example, modern smartphones already inform the user about the speed at which they are moving, e.g., in mapping applications. Just like device orientation, the speed of a user when the measurement was taken is valuable information for the purpose of network optimization. We thus propose that in addition to location and time information, NR MDT/MRO measurements can be tagged with information fields informing the network about UE speed. This would not need to be very precise and a coarse categorization into {stationary, pedestrian, vehicular, high speed} would suffice. Specifically, accelerometers convert physical motion and vibration into electrical current patterns. These current patterns can be sampled and categorized to a number of mobility states. For example:   
1. Stationary
Steady state current

2. Pedestrian
Walking results in a relatively smooth, slow and regular current pattern (low frequency sine wave) and does not typically include sharp, rapid and irregular patterns indicative of vibration. It can easily be differentiated from locomotion in automobiles, high speed trains or aircrafts.

3. Vehicular
Bumps and turns will cause sharp and irregular changes in current (irregular spikes) accompanied by some rapid and regular changes indicating the presence of vibration (mid frequency sine wave). Vehicular speed does typically not have a smooth or regular pattern and is easily differentiated from pedestrian locomotion.  
4. High speed (train or aircraft)
Rapid and regular changes in current (high frequency sine wave) indicate the presence of vibration at relatively high speeds. Trains often have sharp and regular changes as the wheels cross rail seams (regular spikes). High speed trains and aircrafts do not typically exhibit sharp and irregular changes in current (potholes) and are easily differentiated from vehicular and pedestrian locomotion.

Proposal 2: In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE speed
All of the above measurements should support both logged and immediate reporting. For example, UE velocity information can be helpful in optimizing a UE’s CSI reporting and MIMO configuration while in connected mode.
Proposal 3: All MDT measurement quantities can be reported using both logged and immediate MDT
Conclusion
RAN-centric data collection can be used for many purposes and optimizations. In this contribution we focused on two parameters, UE speed and UE device orientation, and their applicability to minimization of drive tests (MDT). The following is proposed:
Proposal 1: In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system
Proposal 2: In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE speed
Proposal 3: All MDT measurement quantities can be reported using both logged and immediate MDT
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