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1. Discussion
This document is provided for Information. 

The intention of the document is to point out that in many scenarios the UE itself can efficiently handle user-plane congestion by using some application-layer means. Such means include not only standardized methods for adaptive content delivery over a single radio access (such as DASH, HLS, etc.) but also other methods for adaptive content delivery over multiple radio accesses. Such a method for video delivery over multiple radio accesses is presented in the next section.
2. Video Delivery with UE-based Congestion Handling

2.1. Overview
The UE can determine when user-plane congestion develops on the 3GPP access and when the 3GPP access becomes not capable of supporting video delivery with sufficient quality. The UE is able to make this determination by measuring some video delivery performance metrics, such as the content retrieval rate and the content retrieval delay. The UE can then utilize these performance metrics to adapt its streaming behavior accordingly, e.g. to request video content with varying quality and/or to schedule video content retrieval over multiple radio accesses. Such adaptation mechanism in the UE can be developed in the application layer and they do not have a direct impact to 3GPP specifications. 
This clause discusses a mechanism that can be used by the UE to facilitate video delivery when user-plane congestion develops in 3GPP access. The UE responds to the user-plane congestion by scheduling video content delivery over both 3GPP and WLAN radio accesses, as shown in Fig. 1a. In essence, the UE uses the WLAN access to augment the video delivery rate when 3GPP access becomes congested. The more the determined level of congestion on the 3GPP access, the more video content is requested over the WLAN access.
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Fig. 1a: The UE requests video content on 3GPP and WLAN accesses based on the determined 3GPP congestion level.

The video delivery mechanism employed by the UE is schematically shown in Fig. 1b. The video content in the streaming server is split into a sequence of chunks, each one with a fixed playout time (typically, around 10s). The UE retrieves the video chunks over 3GPP access as long as the UE determines that the 3GPP is not congested and can provide enough bandwidth to support chunk retrieval within the deadline (denoted as D). However, when user-plane congestion develops on 3GPP access the UE determines that the chunk retrieval delay exceeds the deadline (D) and responds to this user-plane congestion by scheduling subsequent chunk retrieval on both 3GPP and WLAN access. For example, as shown in Fig. 1b, UE splits Chunk #4 into two parts: one part (bytes 1 to X) is retrieved over 3GPP access and the other part (bytes X+1 to End) is retrieved over WLAN access. This chunk retrieval on two radio accesses can be accomplished by using HTTP range requests (see the “Range: bytes=X-Y” header). 
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Fig. 1b: UE responds to user-plane congestion on 3GPP access by scheduling video delivery on WLAN access too.
2.2. Performance
This clause provides some practical results that illustrate how the above UE-based video delivery mechanism responds to user-plane congestion.  These results were taken by using the experimental setup shown in Fig. 2. The box shown near the HTTP server is a module that introduces additional packet loss and delay in the downlink direction and is used to simulate user-plane congestion on the 3GPP path.
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Fig. 2: Experimental setup.
Fig. 3 illustrates the downlink traffic rate observed by the UE over the 3GPP access (black) and over the WLAN access (red) during the video streaming session. Initially, the UE receives video chunks over 3GPP access. These chunks are received way sooner than the chunk deadline (9s in this example). However, as soon as the UE determines that user-plane congestion arises on the 3GPP access (this is determined by detecting a chunk that misses the deadline – referred as “non-compliant” chunk) the UE retrieves subsequent chunks simultaneously over 3GPP and WLAN accesses. This way, the congestion on 3GPP access can be considerably reduced as the UE schedules traffic away of 3GPP access.
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Fig. 3: When user-plane congestion is developed on 3GPP access, video delivery is conducted on both 3GPP and WLAN accesses.
Fig. 4 illustrates how the UE responds to varying level of user-plane congestion on the 3GPP access. On the left, the user-plane congestion is relatively high, thus a lot of video traffic is received over the WLAN access. As the UE detects that the user-plane congestion on the 3GPP access is progressively reduced (as the introduced Delay goes from 80ms to 10ms), it schedules less and less video traffic to arrive over the WLAN access. Eventually, all video traffic arrives on 3GPP access when the Delay becomes small enough (10ms).
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Fig. 4: UE response to decreasing level of user-plane congestion: From high congestion (left) to no congestion (right).
Fig. 5 compares video delivery when all video chunks are received by the UE on the 3GPP access only (top) versus video delivery when the UE implements the video delivery mechanism described above and responds to 3GPP user-plane congestion by scheduling some video traffic to arrive over WLAN access (bottom). As shown in the top figure, when user-plane congestion on 3GPP access develops, the streaming session stops in the UE as the 3GPP access cannot support the required bandwidth. However, as shown in the bottom figure, even when user-plane congestion arises on the 3GPP access, the UE can sustain the ongoing video streaming session by scheduling some video traffic to arrive over the WLAN access. This way, the UE quickly responds to user-plane congestion and augments the available bandwidth on the 3GPP access by using the WLAN access.
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Fig. 5: Video delivery on 3GPP access only (top) versus video delivery using both 3GPP and WLAN accesses (bottom).
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