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* * * First Change * * * *
4.1 Multi-modality service
Tactile and multi-modality communication services enable multi-modality interactions, combining ultra-low latency with extremely high availability, reliability and security. Tactile internet can be applied in multiple fields, including: industry, robotics and telepresence, virtual reality, augmented reality, healthcare, road traffic, serious gaming, education and culture, smart grid, etc[2]. Multi-modality can be used in combination in the service to provide complementary methods that may convey redundant information but can convey information more effectively. With the benefit of combining input from more than one sources and/or output to more than one destination, interpretation in communication services will be more accurate and faster, response can also be quicker, and the communication service will be smoother and more natural.
For a typical tactile and multi-modality communication service/application, there can be different modalities affecting the user experience, e.g.:
· Video/Audio media;
· Information perceived by sensors about the environment, e.g. brightness, temperature, humidity, etc.;
· Haptic data: can be feelings when touching a surface (e.g., pressure, texture, vibration, temperature), or kinaesthetic senses (e.g. gravity, pull forces, sense of position awareness).);
· Information which need different QoS requirement, such as C2 signal for  UAV control.
The ambient information may be further processed to generate IoT control instructions as the feedback. The haptic data, according to the physiological perception, has specific characteristics, e.g. frequency and latency, and may require adequate periodic, deterministic and reliable communication path. For example, the sampling rate of the haptic device for teleoperation systems may reach 1000 times per second and samples are typically transmitted individually hence 1000 packets per second, while the video is 60/90 frames per second. The high frequency transmission of small packets over a long distance would be a great challenge for 5G system.
Multiple modalities can be transmitted at the same time to multiple application servers for further processing in a coordinated manner, in terms of QoS coordination, traffic synchronization, power saving, etc. 
· Multiple outcomes may be generated as the feedback. In the scenario of real time remote virtual reality service, a VR user may use a plurality of independent devices to separately collect video, audio, ambient and haptic data from the person and to receive video, audio, ambient and haptic feedback from one or multiple application servers for a same VR application. In this case, an end user could wear VR glasses to receive images and sounds, and a touch glove to receive a touch sensation, a camera to collect video inputs, a microphone to collect audio inputs, multiple wearable sensors to provide haptic information and environmental information associated to the user. The real time remote virtual reality service can also be conducted between 2 VR users.
· Multiple outcomes may need to reach the distributed UEs at very same time. In the scenario of sound field reappearing, different channels of sounds are sent to the distributed sound boxes to simulate the sound from a particular direction. A small time difference may cause big direction error to impact user experience. In some cases, time difference of 1ms may cause more than 30° angle error.
· Multiple modalities may involve a big number of UEs at a long distance. In the scenario of multi-modality telepresence, tens of UEs may need synchronization for time, control signal and visual signal.   
In another scenario, the devices associated to the same tactile and multi-modality communication services may be triggered to wake up by the discovery of a Tactile and multi-modality capable user/UE in proximity. And a different group of tactile and multi-modality capable devices can serve the user as he moves.
Other scenarios that can be investigated are Industrial Manufacturing and Drones real-time applications, which require synchronous control of visual-haptic feedback. 
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