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1 Introduction
3GPP SA4 has started a work item on VR Streaming [1] support in PSS and MBMS, including streaming optimizations. In this contribution, we propose updated results for the viewport-dependent streaming solutions as well as alignment with the OMAF format.
2 Viewport-dependent Streaming
Fig.1 shows an example of producing the viewport-dependent VR content. It consists of the following three steps: 
1) partitioning of the High Resolution (HR) ERP video, 
2) down-sampling and rotating of the full ERP in low resolution (LR), 
3) packing the HR and the LR videos side-by-side with a guard interval separating the two. The tree steps are depicted in Fig. 1-(a), Fig. 1-(b), Fig. 1-(c), respectively. 
In the Fig. 1-(a), the ERR video content is vertically partitioned into 8 overlapping partitions, each of which covers 8 contains the HR part of the EQR content. In this embodiment, under condition of 360 degree for the whole EQR width, each EQR partition covers the 135 degrees horizontal field of view. The shift between two successive partitions is set to be 45 degrees. In the Fig. 1-(b), the full ERP video is down-sampled and rotated by 90 degrees clockwise to produce the LR rotated ERP content. In the Fig. 1-(c), each of the 8 HR partitions is packed side-by-side with the rotated LR to produce the frame-packed video. 
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(a) Partitioning of HR EQR video step
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(b) Downsampling-90 degree rotating step
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(c) Packaging HR partition and LR ERP 
Fig. 1 Packaging for Viewport-dependent VR Streaming
The 8 resulting videos are described as separate disjoint DASH AdaptationSets. The receiver will only have to fetch a single video from only 1 of the 8 AdaptationSets at any point of time. Depending on the targeted HMD characteristics, the shift between two consecutive HR partitions may need to be changed (e.g. an HMD of 100 degrees horizontal field of view would result in 35 degrees shift). 
The overlap and the side-by-side packing of HR and LR achieve the following benefits:
· A single video stream and a single decoder is used at any point of time and provides a coverage of the full 360 degrees
· Synchronization between the LR and HR videos is guaranteed through the usage of a single video 
· The current viewport is always covered by a single HR partition irrespective of the viewing direction
· An LR representation is always available to cover for sudden viewport changes and up until the corresponding HR video is received.
· The shader will only use texels from either the HR or the LR video data, thus preventing any distortion that would result from mixing the two at rendering.
OMAF [2] RegionWisePackingStruct can be used to signal the packaging described above.
The num_regions can be set as 2, and the high resolution partition can be represented as one region using RectRegionPacking(0) and down sampled-rotated region can be represented as another region using RectRegionPacking(1), respectively. 
In each RectRegionPacking for the first and second regions, the packed_reg_top[i] and packed_reg_left[i] are used to indicate the top-left corner of the packed picture, and the packed_reg_width[i] and packed_reg_height[i] are used to indicate the ith width and height of the i-th packed region, wherein i is equal to 0 and 1, respectively. 
Assuming that the width and height of the original ERP projected content width and height are equal to 3840 and 1920, respectively, each partition width and height are equal to 1440 and 1920, respectively. The down-sampled rotated width and height are equal to 960 and 1920, respectively.
The packed_reg_top[0] and packed_reg_left[0] can be set to 0 and 0, respectively, and the packed_reg_width[0] and packed_reg_height[0] can be set to the 1440 and 1920, respectively, to indicate the top-left coordinate and width and height of the high resolution partition region in the packed picture. Similarly, the packed_reg_top[1] and packed_reg_left[1] can be set to 0 and 1440, respectively, and the packed_reg_width[1] and packed_reg_height[1] can be set to the 960 and 1920, respectively, to indicate that of the rotated low resolution whole ERP region in the packed picture. The transform_type[1] can be set to 5 to denote the rotation by 90 degrees (counter-clockwise). 
In the same RectRegionPacking for the first and the second projected regions, the proj_reg_width[i] and proj_reg_height[i] are used to specify the width and the height of the i-th projected region, and  proj_reg_top[i] and proj_reg_left[i] are used to specify the top sample row and the left-most sample column, respectively, of the i-th projected region. In the stream containing the Partition 0, the proj_reg_top[0] and proj_reg_left[0] can be set to the 0 and 0 and the proj_reg_width[0] and proj_reg_height[0] can be set to 1440 and 1920, respectively to indicate the corresponding top-left coordinate and the width and height of the region in the projected picture. The proj_reg_top[1] and proj_reg_left[1] can be set to the 0 and 0. The proj_reg_width[1] and proj_reg_height[1] can be set to 3840 and 1920, respectively, to indicate that of the rotated low resolution whole ERP region in projected picture.
The eight versions of the viewport-dependent frame packed OMAF content are encoded independently using AVC or HEVC to produce the representations, each of which will cover a range of viewing directions. Because of the independency in the encoding process, the encoding can be carried out in parallel by deploying multiple encoders. The encoded bitstreams are encapsulated as ISO BMFF track files. 
In the receiver side, no additional extension is needed to the ISO BMFF demuxer, in order to parse and decode the frame-packed OMAF content. In order to render the frame-packed OMAF content correctly, the coverage information from the Representation to the ERP region needs to be available at the renderer.
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Fig. 2 Multiple ISO BMFF bitstream creation for omnidirectional video streaming based on viewport-dependent packaging and encoding
[bookmark: _Ref490493118][bookmark: _Toc490866671]Finally, to provide omnidirectional video streaming based on the viewport-dependent packaging and encoding, only a single ISOBMFF bitstream needs to be delivered to the client at a time and according to the user’s current viewing direction. As the user changes the viewing direction, a different ISOBMFF bitstream can be streamed to the client which may operate in a client-driven or server-driven mode, as is the case in DASH or PSS respectively. To appropriately select and render the omnidirectional video, omnidirectional media encapsulation and signaling is needed which are defined in clause 8 of OMAF [2] for omnidirectional media encapsulation and signaling in DASH.
3 Evaluation of the AVC viewport dependent baseline media profile with packed streaming
3.1 Experimental setup
In the experiment, the MPEG 4K (3840x1920) test video sequences are used for evaluation. 
For the proposed viewport-dependent VR profile, the experimental conditions are set as follows.

1) Partition 4K ERP into 12 overlapping partitions with 30 degree shift
2) Generate 12 frame packed versions and encode them at 10 different bitrate steps starting from 2Mbps using x265
3) Decode and split HR (High Resolution) from LR(Low Resolution), and rotate back the LR
4) Upscale HR partition and LR rotated down-sampled ERP to 8K
5) Upscale 4K ERP to 8K ERP using the same upscaling configuration
6) Calculate PSNR and W-PSNR using the 8K original video sequence as reference for the up-scaled HR partition, up-scaled LR ERP, and for the up-scaled 4K ERP as used in the viewport independent VR streaming
7) Calculate the composite PSNR and W-PSNR for HR+LR as follows 



		

where  and  denotes the PSNR and  of the up-scaled partition i and  and  denotes that of the up-scaled low resolution ERP and  denotes the probability of presenting the high resolution partition, respectively. 
3.2 Experimental results
The PSNR results of the Harbor and KiteLite video sequences are shown in Fig 2 and Fig. 3, respectively. In the PSNR results the viewport-dependent streaming and ERP are plotted with five operation points. The results show that the viewport-dependent streaming outperforms the ERP for all of the operation points for the two reported sequences.

Fig. 2 PSNR results of the viewport-dependent streaming with packaging for Harbor sequence


Fig. 3 PSNR results of the viewport-dependent streaming with packaging for KiteFlite sequence

The WS-PSNR [2] results of the Harbor and KiteLite video sequences are shown in Fig 4 and Fig. 5, respectively. In the PSNR results, the viewport-dependent streaming and ERP are plotted at five operation points. The results show that the viewport-dependent streaming outperforms the ERP in terms of the WS-PSNR for all of the operation points and the two reported sequences.


Fig. 4 WS-PSNR results of the viewport-dependent streaming with packaging for Harbor sequence


Fig. 5 WS-PSNR results of the viewport-dependent streaming with packaging for KiteFlite sequence
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