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Introduction
This paper discusses power saving enhancements for a particular RedCap use case – video applications.
Discussion
In the RedCap SID [1], video surveillance is listed as one of the motivating use cases. Besides that, we see additional video-related use cases that take advantage of what RedCap can offer. For example:
· Some high-end wearables start to offer video calls. We expect this trend will grow and involve more devices;
· Drones or vloggers (e.g. using goPro cameras) stream videos of living actions or events. A similar type of application is body-cam wore by police, security or military personale. 
One commonality among the above applications is that they are battery powered and hence power sensitive. And RedCap UEs are a good fit (e.g. in term of cost-to-performance ratio) for those applications.
Observation 1. There are growing number of streaming video applications running on battery-powered devices, in market segments targeted by RedCap UEs.  
However, the current DRX procedure and configuration have some shortcoming in supporting video applications. We discuss two such issues in the following. 
DRX cycle for video traffic
Video traffic is known to be period, because video frames are generated continuously with a fixed period. Typical frame rates are 30 or 60 frames per second, which correspond to inter-frame interval of 33.33 or 16.66 msec, respectively.
To save power, network needs to configure UE’s DRX cycle to match the inter-frame intervals of video traffic. However, as one may see, none of the above inter-frame intervals are supported in the current configurable values of DRX cycles. If the nearest DRX cycle supported by the current spec is used (e.g. 32ms and 20ms), UE may either wakeup early or later than a new frame starts. That’s not power efficient. 
If we introduce new values of DRX cycle to the spec by rounding those inter-frame intervals to the nearest symbol, the rounding error can accumulate over time and eventually result in a large gap between the start of a DRX cycle and a video frame. For example, it takes about only 20 frames for the error to add up to one slot. Therefore, the starting offset of a DRX cycle needs to be adjusted overtime to compensate the rounding errors.
Proposal 1. Introduce new DRX cycles to better support inter-frame intervals in video traffic.
Proposal 2. Study methods to periodically update DRX starting offset, to compensate the discrepancy between DRX cycle and inter-frame intervals in video traffic.  
Early termination of DRX active time by UE
When transmitting/receiving streaming video traffic, UE needs to be able to sleep between video frames to save power. Otherwise, UE has to stay DRX active all the time. Given the relatively short inter-frame intervals of video traffic, being able to terminate DRX active time quickly and efficiently between two video frames thus is the key to save power.
In current DRX procedure, there are two ways to terminate DRX active time: either network sends UE a DRX MAC CE or by DRX inactivity timer. However, neither is efficient for video traffic. 
First, to send DRX MAC CE, network needs to know when UE has finished a video frame. As one may know, because of compression and adaptive encoding is widely used in video applications, length of each video frame varies in time and is hard to predict by looking at packet-level statistics. Therefore, there is no easy way for gNB to know, with a high confidence, when a video frame ends so that it can send a DRX MAC CE. 
Observation 2. It is difficult for gNB to know when a video frame ends, for it to send a DRX MAC CE.
How to configure the right length of DRX inactivity timer is also challenging. First, because of the relatively short inter-frame interval of video traffic, DRX inactivity timer has to be short. However, it cannot be shorter than typical scheduling gaps. On a FR1 carrier, this gap can be around 10ms. If inter-frame interval is 33.33 msec (i.e. video is 30 frame per sec), since a video frame on avg takes ~15 msec to finish (actual number varies depend on link throughput and video resolution), a 10 msec DRX inactivity timer does not leave much time for UE to sleep (i.e. sleep time = 33.33-15-10=8.33 msec), and UE can have only shallow sleep between frames. 
Observation 3. Even with a short DRX inactivity timer, UE would not be able to have much sleep between two video frames. 
However, UE can have assistance from application-layer on when a video frame ends. If UE can signal network when a frame ends, its DRX active time can be terminated promptly to save more power. In the example above, if the 10ms DRX inactivity timer is removed and the signaling is done by a MAC CE which requires 3ms processing time, then the amount of time that UE can sleep is 33.33-15-3x2 (see Option 1 below) = 15.33 msec. That is 48% increase in power savings.
Observation 4. Significant power savings can be achieved if UE can assist in terminating DRX active time at end of a video frame.
We think an efficient way for this signal can be a UL MAC CE from UE to gNB, to indicate its preference to terminate DRX active time. There can be different ways to implement the idea. For example:
· Option 1. UE waits for a legacy DRX MAC CE from network to terminate DRX active time. This option is simple and no further change to the legacy DRX procedure is required. But it takes more time (2x MAC CE processing time) to enter DRX off time;
· Option 2. UE starts a timer after sending its MAC CE. If UE does not receive any DL assignment for new data when this timer expires, it autonomously terminates DRX active time. Otherwise, it restarts the DRX inactivity timer. This approach potentially can be faster than Option 1 but requires new behaviors. 
Proposal 3. Study methods for UE to efficiently indicate its preference to terminate DRX active time. 
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. There are growing number of streaming video applications running on battery-powered devices, in market segments targeted by RedCap UEs.  
Proposal 1. Introduce new DRX cycles to better support inter-frame intervals in video traffic.
[bookmark: _GoBack]Proposal 2. Study methods to periodically update DRX starting offset, to compensate the discrepancy between DRX cycle and inter-frame intervals in video traffic.  
Observation 2. It is difficult for gNB to know when a video frame ends, for it to send a DRX MAC CE.
Observation 3. Even with a short DRX inactivity timer, UE would not be able to have much sleep between two video frames. 
Observation 4. Significant power savings can be achieved if UE can assist in terminating DRX active time at end of a video frame.
Proposal 3. Study methods for UE to efficiently indicate its preference to terminate DRX active time.   
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