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Abstract

In this proposal, information on the granularity of slices is provided.  
1 Introduction

In the current HEVC, the boundary of two consecutive slices in a coded picture does not locate inside a largest coding tree blocks (LCTB). It was reported in the previous meeting that the current design of slice might not provide a fine granularity for the slice, in terms of the size of the slice and the smallest coding units contained in each slice.
Typically, the LCTB is 64x64 and thus such a coded block can consume a larger number of bits compared to an MB in H.264/AVC, and in some extreme case, be more than 1500 bytes, which is the Maximum Transmission Unit (MTU) size of the typically used Ethernet packets. 
2 How is the MTU size relevant?
Some of the typical video applications are digital cinema, TV broadcasting, video conferencing, and video streaming.  Among the above applications, video conferencing is relevant to the MTU size. 
TV broadcasting utilizes MPEG-2 Transport Stream (TS), wherein the smallest transmission unit is transport packet (188-byte long) thus the MTU size is not relevant. Although video streaming may use RTP as a transport protocol, there is also a trend that more and more video streaming systems are based on HTTP streaming, wherein as far as the transport protocol is concerned, the smallest transmission unit is a video segment (a group of pictures, with a duration of e.g., a couple of seconds), requested by an HTTP GET.  
In video conferencing, the coded video sequence can be packetized into RTP packets and the payload of each RTP packet (with the packet header) should not exceed the MTU size, especially in an error-prone environment.  
· If the size of a slice exceeds the MTU size, it will be spitted into more than one packet in the transport level so that if any of the packets is lost, the whole slice is useless even if the other packets of the slice are successfully received. 
· If the size of a slice is smaller than the MTU size, the RTP packet might be smaller than the MTU size, thus the overhead of the packet header takes a larger portion of the packet. 
When encoding a picture into multiple slices, it is better to prevent the above two cases from happening. However, statistically speaking, if most of the slices have a size close to the MTU size, the packetization is considered efficient and error resilient. 
3 Simulation Results
As the slice granularity is more relevant to video conferencing than the other applications, the simulation is designed with the following assumptions.  In such a case, 
· Lossless coding or nearly lossless coding is not necessary, reasonable quantization is used;
· 2K (2560x1600) sequences are not typically and LCTB does not have to exceed 64x64;
Different LCTB sizes (64x64 and 32x32) are tested the sizes of all the LCTBs are studied when the sequence are coded as Intra or Inter slices. QP value in the configuration files was set to 22. 
Intra only results

For the HD sequences, the first frame was Intra coded and the sizes for all 64x64 blocks are illustrated in Fig 1 through Fig 8 for each sequence, thus the x-axis actually corresponds to the index of each block. The average size of the blocks ranges from 13% to 52% of the MTU size (set as 1500 byte in the simulation). 
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Fig 1. Kimono with slice granularity 64x64: average coded block size is 207 bytes
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Fig 2. ParkScene with slice granularity 64x64: average coded block size is 534 bytes
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Fig 3. Basketball with slice granularity 64x64: average coded block size is 252 bytes
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Fig 4. Cactus with slice granularity 64x64: average coded block size is 579 bytes
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Fig 5. BQSqure with slice granularity 64x64: average coded block size is 781 bytes
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Fig 6. Vidyo1 with slice granularity 64x64: average coded block size is 212 bytes
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Fig 7. Vidyo3 with slice granularity 64x64: average coded block size is 223 bytes
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Fig 8. Vidyo4 with slice granularity 64x64: average coded block size is 200 bytes

For the HD sequences, the first frame was Intra coded and the sizes for all 32x32 blocks are illustrated in Fig 9 through Fig 16. The average size of the blocks ranges from 3.5% to 13% of the MTU size. So, even for Intra slices, the slice granularity of 32x32 is sufficient for almost all of the sequences. 
[image: image9.wmf]0%

2%

4%

6%

8%

10%

12%

14%

Percentage of MTU Size

Kimono 1080p (32x32)


Fig 9. Kimono with slice granularity 32x32: average coded block size is 54 bytes
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Fig 10. ParkScene with slice granularity 32x32: average coded block size is 133 bytes
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Fig 11. Basketball with slice granularity 32x32: average coded block size is 63 bytes
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Fig 12. Cactus with slice granularity 32x32: average coded block size is 145 bytes
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Fig 13. BQSquare with slice granularity 32x32: average coded block size is 195 bytes
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Fig 14. Vidyo1 with slice granularity 32x32: average coded block size is 55 bytes
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Fig 15. Vidyo3 with slice granularity 32x32: average coded block size is 58 bytes
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Fig 16. Vidyo4 with slice granularity 32x32: average coded block size is 52 bytes

Inter results

When Inter pictures are considered, the coded blocks consume less bytes. In our simulation, 60 frames are tested and the statistics for the frames is listed in the decoding order. In the following plots, the “AVG Percentage of the blocks in the frame” means the average coded block size as the percentage of the MTU and “Max Percentage of the blocks in the frame” means the maximum coded block size as the percentage of the MTU. 
As shown in Fig.17 through Fig. 24, the slice granularity of 64x64 is sufficient for pictures with higher temporal level, but might not always be enough for pictures with e.g., temporal level equal to 0 and 1. 
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Fig 17. Kimono with slice granularity 64x64
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Fig 18. ParkScene with slice granularity 64x64
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Fig 19. Basketball with slice granularity 64x64
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Fig 20. Cactus with slice granularity 64x64
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Fig 21. BQSquare with slice granularity 64x64
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Fig 22. Vidyo1 with slice granularity 64x64
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Fig 23. Vidyo3 with slice granularity 64x64
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Fig 24. Vidyo4 with slice granularity 64x64
As shown in Fig.25 through Fig. 32, the slice granularity of 32x32 is sufficient for most of the pictures. 
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Fig 25. Kimono with slice granularity 32x32
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Fig 26. ParkScene with slice granularity 32x32
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Fig 27. Basketball with slice granularity 32x32
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Fig 28. Cactus with slice granularity 32x32
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Fig 29. BQSquare with slice granularity 32x32
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Fig 30. Vidyo1 with slice granularity 32x32
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Fig 31. Vidyo3 with slice granularity 32x32
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Fig 32. Vidyo4 with slice granularity 32x32

4 Conclusions
Coding a picture into multiple slices is useful when transmitting video packets in an error-prone environment through IP network. Some typical video applications, i.e., TV broadcasting and HTTP streaming are not relevant to slice granularity since the former utilizes MPEG-2 Transport Stream and the later is based on HTTP requests on video segments. Video conferencing and streaming based on RTP might be the most relevant applications. The simulation is designed assuming the above relevant applications, and the results show more efficient packetization and better error resiliency might be achieved by increasing the granularity of the slices (to make each slice with a size as close as possible to the MTU size). However, the required granularity may be picture dependent, and more specifically related to e.g., the characteristics of the video content, the slice type and the temporal level (for Inter pictures). Generally speaking, 32x32 might be sufficient for most of the sequences even when a picture is coded as Intra, and 64x64 might be sufficient for most of the Inter pictures. 
We propose to signal the slice granularity in the picture parameter set if the current granularity based on the largest CU size is considered as insufficient. 
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