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1. Introduction

In this contribution, we discuss potential benefit of Cross-Layer Optimization (CLO) approach in providing improved quality video service. The performance of CLO has been proven in many papers such as [3][4][5][6]. IVS is the very candidate standard to make their proposals true.  
A use case and solution for graceful quality degradation in the case of poor channel quality has been discussed and adopted in current IVS TR 26.9xx. The use case describes benefit of adaptive rate control that may somehow require low layer support in accessing information of current wireless channel quality. However in current architecture of 3GPP, such information may not be available to use by higher application layers because of functional split between Access Stratum (AS) and Non-Access Stratum (NAS). 

This contribution proposes CLO mediation module for effective control of MAC/PHY functions by application layers (e.g. MPEG application).

2. SVC and Adaptive Rate and Coding Control
In the solution proposal of adaptive rate control described in IVS TR 26.9xx (section 7.1.1.3), a method for actively adjusting transmission rate using SVC is described. The method uses buffer status report sent by client UE, therefore PSS server may remove low priority video layers and reduce transmission rate if channel quality becomes poor. However the information of receiver buffer is too slow and too uncertain to indicate the time-varying radio bearer channel quality in most situations, in particular when the path loss varies quickly or degrades seriously that upstream messages hardly reach to server in time.
In current 3GPP architecture, only the AS (Access Stratum) level protocol layers have the knowledge of channel quality that the layers optimize modulation and coding ratio according to CQI (Channel Quality Indicator) report. However the radio bearer adaptation is applied to all application data regardless of individual stream priority, and such indiscriminate treatment of all video streams may only results in unsatisfactory service in the view of user experience. If such knowledge of CQI is available in application level, the application may remove some insignificant SVC layers and reinforce error protection coding for important layers, hence essential packets may receive preferential service in poor channel quality, and it provides better user experience.
In current specification of TS 36.213 [1], a range of CQI value is defined as shown in table 1. There is other AS level information that can be utilized by applications, e.g. available bit-rate, number of MIMO antenna, etc. Such low level information may help removing unnecessary redundancy and accommodate harmonized use of resource, once available by applications.
Table 1 : 4-bit CQI Table
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


3. Proposed Mediation Model of CLO Module
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Figure 1. Cross Layer Optimization (CLO) Module. This contribution focuses on requesting the optimized CQI decision from the CLO module to the PHY layer. 
Figure 1. describes a functional architecture of CLO module of which the major role is mediating information between lower protocol layers and higher applications (e.g. MPEG). Note that the CLO module does not interfere with protocol actions of the layers, but it provides information for efficient delivery of video streams over wireless access.
The higher and lower protocol layers provide layer-specific information of their own (e.g. CQI, bit-rate, video stream structure, FEC level, etc.). The CLO module translates the information and passes it between the protocol layers. It should be possible to consistently mediate the information even when the UE switches between dual access modes (e.g 3GPP and WLAN), therefore standard set of interface needs to be defined.
Using the information collected from the protocol layers, the CLO module makes optimal decision in every feedback period (e.g. a GOP period) based on operation policy, such as FEC levels (coding ratio) of video layers, streams to discard, etc.
The proposed CLO model is also currently being discussed in MPEG MMT working group.

4. Performance Analysis of Cross Layer Optimization 
Table 2: Standardized QCI characteristics
	QCI
	Resource Type
	Priority
	Packet Delay Budget 
	Packet Error Loss

Rate 
	Example Services

	1
	
	2
	100 ms
	10-2
	Conversational Voice

	2
	GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	
	1
	100 ms
	10-6
	IMS Signalling

	6
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	9
	
	
	sharing, progressive video, etc.)

	


Typical behaviour of eNodeB and UE in time-varying channel condition is adjusting MCS (Modulation and Coding Scheme) level in order to keep up the requested QCI (QoS Class Indication) and application bit-rate. The QCI value indicates QoS characteristics (e.g Packet Loss Rate, Delay Budget, Priority) required for each category of applications (TS 23.203 [2]).  Table 2 summarizes the QCI and mapping Packet Loss Rate (PLR).

According to the QCI table, 10-6 is the PLR limit required for video service, however in some real-time multimedia service, e.g. SVC applications, the suggested PLR may be unnecessarily stringent target.

When the channel quality deteriorates, eNodeB decreases MCS level and coding rate, as shown in figure 2, in order to keep up the required level of PLR (=10-6). As a result, available bit-rate for the application, and video quality is decreased. If the application is tolerant to higher PLR, eNodeB may allocate more bandwidth by increasing MCS level, hence improves video quality.
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Figure 2. MCS decreases as UE moving out of eNodeB
Figure 3 shows the effect of PSNR improvement as MCS level and bandwidth is increased with scarifying PLR. In the figure, it is assumed that the performance is measured when UE reception power of SNR is 12dB. The horizontal axis in the graph indicates effective bitrates as increased by modulation and coding rate. The vertical axis indicates Packet Loss Ratio (PLR). The blue line curve is the summary of PSNR calculated in various MCS setting. 
The graph shows that highest PSNR (=31.9dB) can be achieved when the target PLR is about 4% (=2.3Mbps), which is far higher than PLR limit of 10-6 suggested in the QCI table. This shows that optimal point of PSNR can be reached by careful adjustment of MCS and PLR. In other words, blind enforcement of target PLR indiscriminately to any type of video service may only results in inefficient use of resource, hence application control of lower layer functions though mediation of CLO module may be an effective method for providing improved video service.
Finally, it is noted that utilizing low level CQI information may achieve better responsiveness than relying on buffer status report because the frequency of CQI report by UE may range from tens of milliseconds to hundreds of milliseconds, that once the CQI information is made available to application layers via CLO module, the applications may quickly adjust MCS level in response to fast varying channel condition. 
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Figure 3. PSNR improvement as increasing effective bit-rate and PLR. 

6. Proposal 
Based on the discussion above, we propose to include new section for Cross Layer Optimization in IVS TR 26.9xx, and define necessary functions and interfaces for CLO module which minimizes impact to existing 3GPP system. 

We propose to include following text in current IVS TR 26.9xx.

**** Start of 1st Change ****

“Since quality of service (QoS) requirements of video service are quite different from those of non-realtime data service, QoS specific to video service can be improved by top-down and bottom-up information exchange between the application layer and the MAC/PHY layers. As bottom-up information, the MAC/PHY layers may inform the application layer of the MAC/PHY parameters such as RSSI(Receiver Signal Strength Indicator), available bitrate, FER(frame error rate), etc. In addition, top-down information such as selection of CQI level also will enable service specific AMC control to satisfy service-specific QoS requirements.”  
**** End of 1st Change ****

We also propose cross layer optimization (CLO) as a solution for adaptation and graceful degradation. 
**** Start of 2nd Change ****

“The application layer can optimally adapt to the time-varying MAC/PHY condition by using on-time and precise information from the MAC/PHY layers. Then, a cross layer optimization module can calculate the optimal operation point of the MAC/PHY layer. There are multiple possible operation points even in the same MAC/PHY condition. One among them is the optimal for non-realtime data service while the other is optimal for real-time multimedia service. The CLO module can decide the optimal operation point (e.g. CQI level). By applying the decision to control of the MAC/PHY layer, QoS of multimedia service will be greatly improved.”  
    **** End of 2nd Change ****
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