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Reason for Change
It is the fourth of a series of 4 contributions. This contribution provides with the analysis of mobile cloud end-to-end efficiency. The rest 3 will describe the overview of Mobile Cloud Computing, Mobile Cloud-based OS, and Mobile Cloud-based Applications.
The 0066R02 replaces the 0066 based on discussion in the meeting.
Note: there is a technical error in creating the revision number on the portal, and thus R01 is skipped.
Impact on Backward Compatibility
No impact
Impact on Other Specifications
No other specifications are affected.
Intellectual Property Rights
Members and their Affiliates (collectively, "Members") agree to use their reasonable endeavours to inform timely the Open Mobile Alliance of Essential IPR as they become aware that the Essential IPR is related to the prepared or published Specification.  This obligation does not imply an obligation on Members to conduct IPR searches.  This duty is contained in the Open Mobile Alliance application form to which each Member's attention is drawn.  Members shall submit to the General Manager of Operations of OMA the IPR Statement and the IPR Licensing Declaration.  These forms are available from OMA or online at the OMA website at www.openmobilealliance.org.
Recommendation
We recommend that changes be accepted and incorporated into the white paper.
Detailed Change Proposal
Add Section 6.5 Mobile Cloud End-to-End Efficiency
6.5 Mobile Cloud End-to-End Efficiency
Mobile Cloud Computing has demonstrated a very promising vision for mobile users, developers, enterprises, and all other stakeholders in the mobile cloud ecosystem. However, the mobile computing environment is characterized by severe resource constraints and volatile operating conditions. In the past decade, the capabilities of mobile device have been significantly improved and evolved over the years in terms of resources and functionalities. Nevertheless, mMobile devices inherently have and will continue to have more limited resources such as processing power, memory and storage capacity, graphical capability, display size and resolution, battery, and input methods etc, compared to desktops and servers today. The mobile Internet is built upon heterogeneous infrastructure with the nature of uncertain, unpredictable and constantly changing network QoS such as available bandwidth, latency, jitter, etc. All of the resource constraints and volatile environment gives rise to the challenge of how to ensure the end-to-end efficiency in mobile cloud.
Efficiency can be defined and measured in different ways under different circumstances. In the mobile cloud environment, there are 2 types of basic end-to-end efficiency scenarios.
For consumer oriented mobile cloud applications and services, end-to-end efficiency is measured by the Quality of Experience (QoE) of end users. There are qualitative and quantitative aspects of QoE. The qualitative aspect of QoE is users’ subjective perception of the experience with the services, for example, customer friendly service flow, ease of use transaction flow and quality of audio playback and video presentation. Quantitatively, the QoE can be measured with the metrics such as:
· Probability of successful access to a service, e.g. online shopping
· Probability of successful completion of a desired task in service, e.g. a online purchase transaction
· End-to-end response time after a user interaction, e.g. responded next step after click a button
· Completion time of a task, e.g. download
For enterprise oriented mobile cloud applications and services, end-to-end efficiency is measured by the Quality of Business (QoBiz). The qualitative aspect of QoBiz includes user friendly business process flow and transaction flow, ease of collaboration among the silos in an organization, availability of essential tools that facilitates the completion of tasks, reliability of the service and the perception of the security of the service. Quantitatively, the QoBiz can be measured with the metrics such as:
· Probability of successful access to an enterprise service
· Probability of successful completion of a desired task in an enterprise service
· Completion time of handling a business task / transaction
There is always expectation to improve end-to-end efficiency in both consumer oriented and enterprise oriented mobile cloud services. Thus it is essential to understand which elements impact the performance improvement in end-to-end efficiency.
There are three major elements in the mobile cloud service – mobile device, network and cloud. Mobile user interacts with the mobile cloud service through the mobile device. The function of a mobile device is to access the mobile cloud service, present the user with the UI, and enable the user interaction with a mobile cloud service. The service access performance, user interaction performance and UI presentation performance are 3 key factors of the improving the performance on a mobile device. Those three factors are constrained by processing power, memory and storage capacity, graphical capability, display size and resolution, battery, and input methods of a mobile device.
The heterogeneous infrastructure of mobile Internet is constrained by volatile bandwidth, latency, jitter and lost packets. The adaptive cloud delivery and error handling according to volatile network condition are key technological challenges to improve the service reliability and transaction / task performance in the framework of end-to-end efficiency.
On the other hand, the cloud itself plays an essential role in terms of end-to-end efficiency since the service itself is run on the cloud, including the business logic, data and storage, and all computational intensive functions such as graphical and multimedia functions. Let us see an example of the experimental lab measurement of typical mobile cloud services. The assumptions are:
· Commercial network condition: Wi-Fi + public Internet
· Assuming the roundtrip latency of raw network between the mobile device and the cloud is 80ms under normal condition (90%)
· Cloud in lab environment without any other overhead
The experimental lab measurement of the latency of each element is shown as follows:
	Client
	Uplink Interaction
	Cloud Business Logic and Data Processing
	Downlink Delivery

	
	
	Simple (Navigation)
	Medium (Transaction)
	Highly Intensive (Graphical)
	

	30ms
	40ms
	50ms
	100ms
	300+ms
	40ms


[bookmark: _Toc293913707]Table 1: Impact on End-to-End Efficiency
The experimental lab measurement indicates that:
· The network delivery of cloud service can be optimized to be consistent with network condition, e.g. through caching, CDN, etc.
· The room of performance optimization on mobile device is very limited if any
· Mobility overhead may be the biggest challenge to performance tuning
· Battery drain is the other issue of always-on network connection
· Improving the performance at cloud is the key to address the end-to-end efficiency challenge, e.g:
· Virtualization on the cloud over heterogeneous infrastructure
· Graphical and multimedia acceleration in cloud
· When network condition changes, an adaptive error control and delivery framework at cloud is essential to ensure the delivery performance
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