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Summary

This proposal is for an enhanced video-packet transmission of scalable extension of H.264/AVC (H.264 SVC) over 3GPP LTE systems with Internet (TCP/IP) protocols using cross-layer approach. The frames (or sub-layers) of H.264 SVC have a priority order from their dependency due to hierarchical structure. Internet Protocol (IP) can support differentiation indication through Type of service (ToS) in IPv4 or Traffic Class bits in IPv6 headers. MAC layer in LTE has several different QoS classes defined by QoS class identifier (QCI) or Allocation Retention Priority (ARP). It is useful if there is a QoS mapping among those parameters for cross-layer interaction.  
1.
Introduction

Video transmission over mobile and wireless networks is prevailed but adaptive video streaming techniques are necessary to get reasonable quality from current available bit rate in the networks and communication systems. For these adaptive video streaming, several scalable video standards have been proposed in standards. The H.264 SVC is one of latest video standards and can provide different kinds of scalability upon available bit rate. The sub-layers of H.264 SVC have different priorities from their dependency orders. Packet video is assumed to be encapsulated in TCP/IP protocols. The underlined transmission system is limited to 3GPP LTE in this proposal. Under these backgrounds, the QoS mapping among H.264 SVC sub-streams, IP packetization, LTE QoS classes is discussed in this proposal. The QoS mapping among data in different layers can enhance the video quality at end user, if the mapping is media-aware.
2.
Discussion
The QoS mapping for a H.264 SVC stream over LTE system can be involved in three layers mainly. First, a H.264 SVC stream can be divided into sub-layers in terms of spatial (D), temporal (T), quality (Q) scalabilities which decide dependencies among frames. A frame is represented as follows.
(D, T, Q) = (d, t, q) where∀ d, t, q= 0, 1, 2 , ∙∙∙∙∙∙
A frame with higher value, e.g. (1,1,0),  in each scalability requires a frame with lower value, e.g., (1,0,0) for decoding.  
Generally, we can combine these three dependencies as one metric L ( = d+t+q ) in order to use a combined priority at media-data level. The frame with lower value of L has a priority over the frame with a higher value of L. If L is equal, we can set a priority with the order of T, Q, and D because the video quality gain from a certain amount of bit rate is increased with the order of T, Q, and D.  The metric L is one-to-one mapped with the ‘priority_id (6 bits)’ in Network Abstraction Layer (NAL) extension header in H.264 SVC.   
The following figure is an example to show dependency among frames (i.e., sub-layers) in H.264 SVC.
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Fig.1 An example of dependency among frames in H.264 SVC. 
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Secondly, a sub-stream, which is series of frame in Fig.1, can be mapping into next underlined layer (i.e., network layer (IP)). In IPv4 (or IPv6) header, there is a type of service (ToS) byte in IPv4 and a traffic class byte in IPv6. Parts of the byte are assigned as precedence bits (3 bits) to distinguish among different priority data from upper layer. So a frame with (d, t, q) or L values is mapped into one of the precedence bits.

Third, 3GPP LTE system defines different QoS classes defined by QoS class identifier (QCI) or Allocation Retention Priority (ARP).  The QoS classes identified by QCI differentiate the service quality in terms of delay and packet error/loss rate (PER). PER is more matched with the dependency of video frames than delay attribute. The ARP also provides priority order decreasing from 1 to 15.  Then we can summarize our suggestion as an example of QoS mapping in Table 1.   
Table 1. An example of QoS mapping

	H.264 SVC

Sub-layers (d,t,q), L
	NAL extension

“priority_id’ 
	IPv4/IPv6 Precedence
(note 1)
	3GPP LTE

	
	
	
	QCI 
(note 2)
	ARP
(note 3)

	(0,0,0), L=0
	0
	111 (highest)
	QCI 5 (PER=10-6 , 100ms)
	2

	(0,1,0), (0,0,1), 1 
	1
	110
	4 (PER=10-6 , 300ms)
	3

	(1,0,0), 1
	2
	101
	6 (PER=10-6 , 300ms)
	4

	(0,1,1), (0,2,0), 2
	3
	100
	8 (PER=10-6 , 300ms)
	5

	(1,0,1), (1,1,0), 2
	4
	011
	9 (PER=10-6 , 300ms)
	6

	(0,2,1), (1,2,0), 3
	5
	010
	3 (PER=10-3 , 50ms)
	8

	(1,1,1), 3
	6
	001
	7 (PER=10-3 , 100ms)
	9

	(1,2,1), (1,1,2), 4
	7
	000
(lowest)
	2 (PER=10-3 , 150ms)
	10

	….
	….
	
	1 (PER=10-2 , 100ms)
	….



Note 1) IP precedence has 3 bit only.  If more differentiation is needed, other bits can be used.



Note 2) Upon given requirements of PER and delay, PER is considered first for QCI priority and then delay attribute is




 counted next. 

Note 3) The priorities of ARP numbered 1, 7, 12 and 13 are reserved for service provider or emergency use. 
The first column of Table 1 can be flexible and the number of sub-layers in H.264 SVC depends on the partition numbers and the values of (d, t, q)max .
This proposal is done with a kind of cross-layer approach including video layer (H.264 SVC), transport layer (IP), and link layer.  
3.
Conclusion

This document suggests a QoS mapping among H.264 SVC video frames, IP ToS, and 3GPP QCI (or ARP). These kinds of QoS mapping with cross-layer approach can enhance the video quality of end user. 
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