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1 Reason for Contribution

We are discussing about “Mobile Gaming Performance Classes” in OMA GS WG these days. Specially discussing about a rough classification such as premium game, casual game, low-end game. In this situation, SK Telecom submit this input contribution to present the basis of performance classes according to device’s performance and supported functionality and to collect opinions in OMA GS WG about this suggestion.
2 Summary of Contribution
In this article we present the basis of MGPC according to device’s performance and functionality on mobile 3d games. At first we analyze existing instances such as portable game devices and SK Telecom’s GIGA specification. And then present a suggestion of MGPC.

3 Detailed Proposal
1) Background

Currently almost mobile games are developed with no special standard, and low-level APIs (e.g. OpenGL ES) used by developers are different with each game. Also they did not know whether it is possible to port a game to any device or not. In this situation, mobile game developers/publishers should invest their efforts to search information about that. 

To overcome this situation, we would introduce a classification concept based on device’s performance and functionality in mobile game. It may be a guideline on terminal development environment and device information about being able to port a developed game to any device to game developers/publishers.
In this article we analyze existing instances, and present a suggestion of MGPC based on analyzed data.
2) Analysis of existing instances

In this clause, through existing instance such as portable game devices (e.g. GBA, N-Gage, NDS, PSP) and SK Telecom’s GIGA specification, we try to group currently released games into performance classes.

The items used to classify are as follows:

Resolution, CPU, 3D acceleration method, 3D rendering performance, supporting FPU or not, 3D low-level APIs, heap memory size, video memory size, internal memory size, supporting shader or not.

Performance classes of portable game devices (e.g. GBA, N-Gage, NDS, PSP) are described in <table1>.

	
	GBA
	N-Gage
	NDS
	PSP

	Resolution
	15bits/240x160
	12bits/176x208
	18bits/256x192
	24bits/480x272

	CPU
	32bit RISC-CPU (16.78MHz) + 8bit CISC-CPU
	ARM9
	ARM9 (67MHz)+

ARM7 (33MHz)
	Two MIPS R4000 32bit core (up to 333MHz)

	3D acceleration method
	S/W
	S/W
	H/W
	H/W

	3D performance
	8K/s
	20~50K/s
	120K/s
	33M/s

	Supporting FPU
	
	
	
	O

	3D low-level API
	OpenGL Like
	OpenGL Like
	OpenGL Like
	OpenGL Like (PSGL)

	Heap Memory Size
	288KB
	
	4MB
	32MB

	Video Memory Size
	96KB
	
	656KB
	2MB

	Internal Memory Size
	
	3.4MB
	
	

	Supporting Shader
	X
	X
	X
	X

	Released date
	1Q.2003
	4Q.2003
	4Q.2004
	4Q.2004


<table1> performance classes of existing portable devices

- GBA (Game Boy Advanced)

Support 240x160(15bits color) resolution, is fitted with 32bit RISC-CPU (16.7MHz) and 8bit CISC-CPU. Support software based 3D acceleration and show the performance of 8K polygons/sec. Support OpenGL like 3D low-level APIs, 288KB heap memory and 96KB video memory.
- N-Gage

Support 176x208(12bits color) resolution, is fitted with ARM9 CPU. Support software based 3D acceleration and shows the performance of 20~50K polygons/sec. Support OpenGL like 3D low-level APIs, 3.4MB internal memory. And be able to support external memory (e.g. 32, 64, 128 and 256MB respectively).

- NDS (Nintendo DS)

Support 256x192(18bits color) resolution, is fitted with ARM9 (67MHz) and ARM7 (33MHz) CPU. Support hardware based 3D acceleration and show the performance of 120K polygons/sec. Support OpenGL like 3D low-level APIs, 4MB heap memory and 656KB video memory.

- PSP (PlayStation Portable)

Support 480x272(24bits color) resolution, is fitted with twice MIPS R4000 32bits core CPU. Support hardware based 3D acceleration and show the maximum performance of 33M polygons/sec. Support OpenGL like 3D low-level APIs, FPU, 32MB heap memory and 2MB video memory.

SK Telecom’s GIGA classes are described in <table2>.

	
	Class1
	Class2
	Class3
	Class4

	Resolution
	16bits/128x160
	16bits/QCIF
	16bits/QVGA
	16bits/QVGA

VGA External Display

	CPU
	ARM7
	ARM9
	ARM9
	ARM9

	3D acceleration method
	S/W
	S/W, QDSP
	H/W
	H/W

	3D performance
	10K/s 

(500poly x 20fps)
	20~50K/s
(2500poly x 20fps)
	150~250K/s

(12500poly x 20fps)
	1M/s

(51200poly x 20fps)

	FPU
	X
	X
	X
	O

	3D low-level API
	OpenGL Like
	OpenGL Like
	OpenGL ES 1.0 CL
	OpenGL ES 1.1C

	Max Contents Size
	512KB
	1MB
	No Limit
	No Limit

	Minimum Memory Size(Heap)
	384KB
	1.2MB
	10MB
	32MB

	Video Memory Size
	-
	-
	8MB
	16MB

	Internal Storage
	-
	-
	64M
	128M

	Shader
	X
	X
	X
	supporting in part

	Released date
	2Q.2003
	1Q.2004
	1Q.2005
	4Q.2006 (prospective)


<table2> SK Telecom’s GIGA Classes (CL: Common Lite, C: Common)

- Class1 

Games developed on ARM7 environment, using software accelerated OpenGL like 3D APIs belong to this class. The performance of 3D graphics is around 10K polygons/sec. Maximum content size is restricted to 512KB. Supports heap memory of 384KB minimum.

- Class2

Games developed on ARM9 environment, using software accelerated OpenGL like 3D APIs belong to this class. The performance of 3D graphics is 20~50K polygons/sec. Maximum content size is restricted to 1MB. Supports heap memory of 1.2MB minimum.

- Class3

Games developed on ARM9 environment, using hardware accelerated 3D APIs(OpenGL ES 1.0 Common Lite) belong to this class. The performance of 3D graphics is 150~250K polygons/sec. Maximum content size is not restricted. Supports heap memory of 10MB, video memory of 8MB and internal memory of 64MB minimum.

- Class4

Games developed on ARM9 environment, using hardware accelerated 3D APIs(OpenGL ES 1.1 Common) belong to this class. The performance of 3D graphics is 1M polygons/sec. Maximum content size is not restricted. Supports heap memory of 32MB, video memory of 16MB and internal memory of 128MB minimum.

SK Telecom’s GIGA classes are classified by device's performance and extended hardware functionality. Besides device's performance, extended hardware functionalities are used to classify games in GIGA specification. Through these functionalities we can support games which have more realities than existing one. The standard of classification used in GIGA functionality is as follow:

Motion sensor, vibration solution, 3d sound, multi-channel sound, stereo earphone/speaker, TV-OUT, Bluetooth, USB interface, external key/virtual key, external storage, various sound sources, mpeg.
Extended hardware specification of SK Telecom’s GIGA classes is described in <table3>.

	
	Class1
	Class2
	Class3
	Class4

	Motion sensor
	O
	O
	O
	M

	Vibration solution
	O
	O
	O
	M

	3D Sound
	O
	O
	O
	M

	Multi channel sound 
	O
	O
	M
	M

	Stereo earphone/speaker
	O
	O
	M
	M

	TV-OUT
	O
	O
	O
	M

	Bluetooth
	O
	O
	O
	O

	USB interface
	O
	O
	O
	M

	External key/Virtual key
	O
	O
	M
	M

	External storage
	O
	O
	O
	M

	Various sound sources 
	O
	O
	M
	M

	MPEG
	O
	O
	M
	M


<table3> Extended hardware specification of SK Telecom’s GIGA classes (O: Optional, M: Mandatory)

- Motion Sensor

The motion sensor called Gyro sensor is a device that enables you to play games by tilting the terminal up/down/left/rightward substituting for direction keys. 
- Vibration Solution

This vibration service is to provide the customers with High-Quality vibration that is excellent in Reality distinguished from the existing On-Off type simple vibration.
- 3D Sound

3D Sound is a signal processing technique to increase a reality and three-dimensional effects to the game through speaker or head phone. 

- Multi-channel sound

Multi-channel sound is to provide the customers with various sound sources at once.
- TV-OUT

It is possible to output the terminal screen on TV through cable in connection with TV.

- Bluetooth

Support a short distance network by using Bluetooth.

- USB interface

It is possible to use various USB input devices through USB interface. Such devices may include game pad, mouse, keyboard, etc. It is also possible to be mounted with other hardware additionally.  
- Hot key/Virtual Key

Hot key means an additional game key dedicated for game only. If it is not supported, virtual key can be used. it use general key and provide the customers with convenience to operate a game 

- External storage
Internal storage of terminal has its limit. So through providing external storage, users can store more games in external storage.
- Various sound sources

It is to provide the customers with various sound sources such as MP3, PCM, SMF, ADPCM, AAC/AAC+.

- MPEG

Game intro scene can be expressed with MPEG.

2-1) Analysis result
We analyzed portable game devices (such as GBA, N-Gage, NDS and PSP) and SK Telecom's GIGA standard as above. We can be got the result through this analysis as follows:

· As time passes, game devices are advanced in their performance at a uniform interval. It can be approximately classified as 4 groups.
GBA can be in the 1st class, almost 2D based casual games can belong to this class. N-Gage can be in the 2nd class, casual games and sports games are main stream, and software accelerated 3d game can belong to this class. NDS can be in the 3rd class, include below class's games, and represent somewhat improved 3d graphics performance. PSP can be in the 4th class, include below class's games, and represent advanced 3d graphics performance.

· SK telecom's GIGA class standard reflect market trends to some degree.
· Besides the classification of game performance, functionalities of device are necessary to be classified for game advancement in quality.
3) Proposed performance class
At this clause, let's look around mobile gaming performance classes proposed in this contribution. This contribution is based on analysis of existing instances. It is suggested in scope of accepting current market trends to some degree and classify games with performance and functionality further on.

3-1) Classification of class according to performance
Suggested game performance classes are described in <table4>. The standard of classification is as follows:

resolution, CPU capacity, bus speed, 3d acceleration method, 3d performance/polygon process/pixel fill rate, 2d acceleration method, 2d performance/pixel fill rate, FPU, 3d low-level API, heap memory size, video memory size.

- Resolution: the index of image precision rate, it have much influence on the gaming performance and functionality.

- CPU capacity: suggest using MIPS unit for CPU capacity because this value is more clearable than existing "CPU Clock" or "ARM series". If MIPS unit is used, we can know real CPU operation performance.
- Bus speed: bus speed between CPU and GPU, or between GPU and memory of GPU have influence on game performance. Even though the performance of CPU and GPU is very high, if the bus speed don’t come up to the capacity of CPU or GPU, the games performance can be fallen off. The game performance fall-off should be avoided by using predicted bus speed value. TI or other company related can update this value by referring to <table1> and <table4>.
- 3D acceleration method: It is needed to divide hardware or software accelerated about 3D API. Because of this method gaming performance can be distinguished from each other.
- 3D performance: It is important factor to classify gaming performance and quality. Polygon process time per second and pixel fill rate per second are used.

- 2D acceleration method: Besides 3D, it is possible to handle 2D processing using hardware acceleration. According to software or hardware processing, it have a lot of influence on gaming performance.

- 2D performance: It can be a good factor to estimate gaming performance. Pixel fill rate per second is used 

- FPU (Floating Point Unit): According as there is FPU or not, it has a lot of influence on gaming performance. If there isn’t FPU, it is possible to enhance the speed of operation by using fixed point representation system. But there are limit in fixed point representation system, it is possible to enhance the speed of operation through supporting FPU.
- 3D low-level API: It is the 3D API’s specification. It is desirable to follow OpenGL ES specification regarded as the general trend on handheld product. Every particular OpenGL ES have many characteristic, many differences in gaming performance can be came in accordance with it.
- Heap Memory Size: It has influence on the gaming performance, because the data quantity can be assigned in the game is decided by memory size supported by device.

- Video Memory Size: It also has influence on the game performance, because graphic operating time can be increased by small video memory size. It is important to select video memory size correspond to game scale.
	
	Class1
	Class2
	Class3
	Class4

	Resolution
	16bits/QCIF
	16bits/QVGA
	16bits/QVGA
	16bits/QVGA

	CPU capacity
	over 130 MIPS
	over 300 MIPS
	over 300 MIPS
	over 760 MIPS

	Bus Speed
	2Mbps
	10Mbps
	50Mbps
	over 100 Mbps

	3D acceleration method
	S/W
	H/W
	H/W
	H/W

	3D performance
/ polygon process
	20~50K/s
(2500poly x 20fps)
	150~250K/s

(12,500poly x 20fps)
	over 500K/s

(25,000poly x 20fps)
	over 1M/s

(50,000poly x 20fps)

	3D performance
/ pixel fill rate
	1M/s
	5M/s
	10M/s
	20M/s

	2D acceleration method
	S/W
	H/W
	H/W
	H/W

	2D performance
/ pixel fill rate
	1M/s
	5M/s
	10M/s
	20M/s

	FPU
	X
	X
	O
	O

	3D low-level API
	OpenGL Like
	OpenGL ES 1.0 CL
	OpenGL ES 1.1C
	OpenGL ES 1.1 C + 1.1 Extension Pack

	Heap Memory Size
	1MB
	8MB
	32MB
	64MB

	Video Memory Size
	-
	8MB
	16MB
	32MB


<table4> Suggested Mobile Gamming Performance Classes (CL: Common Lite, C: Common)

- Class1

The games on the environment of CPU’s capacity over 130 MIPS and software accelerated OpenGL like 3D APIs belong to this class. Support QCIF(16bits color) resolution, show the performance of 20~50K polygons/sec, support 1MB heap memory minimum. Almost 2D casual games belong to this class, and 3D games software accelerated

- Class2

The games on the environment of CPU’s capacity over 300 MIPS and hardware accelerated 3D API (OpenGL ES 1.0 Common Lite) belong to this class. Support QVGA(16bits color) resolution, show the performance of 150~250K polygons/sec, support 8MB heap memory and 8MB video memory minimum. The hardware accelerated games belong to this class, and there are some performance enhancement versus software based 3D graphics game.

- Class3

The games on the environment of CPU’s capacity over 300 MIPS and hardware accelerated 3D API (OpenGL ES 1.1 Common) belong to this class. Support QVGA(16bits color) resolution, show the performance of 500K polygons/sec, support 32MB heap memory and 16MB video memory minimum. The hardware accelerated games belong to this class, and there is more performance enhancement than early hardware based 3D graphics game.

- Class4
The games on the environment of CPU’s capacity over 760 MIPS and hardware accelerated 3D API (OpenGL ES 1.1 Common + 1.1 extension pack) belong to this class. Support QVGA(16bits color) resolution, show the performance of 1M polygons/sec, support 64MB heap memory and 32MB video memory minimum. When we consider resolution, the games corresponded to PSP can belong to this class.

3-2) Class specification by functionality
If the standard of functionality is included to the game class with classification of performance, it is possible to classify more detailed gaming class. Through it, it is possible to provide the customers with more real and exciting game. The standard of functionality is as follow:
Motion Sensor, vibration solution, 3D sound, multi-channel sound, stereo earphone/speaker, TV-OUT, Bluetooth, USB interface, Hot Key/Virtual Key, Internal/External Storage, various sound sources, MPEG, Shader.

Suggested class specification by functionality is described in <table5>.

	
	Class1
	Class2
	Class3
	Class4

	Motion Sensor
	O
	O
	M
	M

	Vibration Solution
	O
	O
	O
	M

	3D Sound
	O
	O
	O
	M

	Multi-channel Sound 
	O
	O
	M
	M

	Stereo earphone/speaker
	O
	O
	M
	M

	TV-OUT
	O
	O
	O
	O

	Bluetooth
	O
	O
	O
	O

	USB Interface
	O
	O
	O
	O

	Hot Key/Virtual Key
	O
	O
	O
	O

	Internal storage
	M
	M
	M
	M

	External storage
	O
	O
	M
	M

	Various Sound Sources 
	O
	M
	M
	M

	MPEG
	O
	M
	M
	M

	Shader
	O
	O
	O
	M


<table5> Suggested class specification by functionality (O: Optional, M: Mandatory)

The descriptions of functionality are as follow:

- Motion Sensor

The motion sensor called Gyro sensor is a device that enables you to play games by tilting the terminal up/down/left/rightward substituting for direction keys. 
- Vibration Solution

This vibration service is to provide the customers with High-Quality vibration that is excellent in Reality distinguished from the existing On-Off type simple vibration.
- 3D Sound

3D Sound is a signal processing technique to increase a reality and three-dimensional effects to the game through speaker or head phone. 

- Multi-channel sound

Multi-channel sound is to provide the customers with various sound sources at once.

- TV-OUT

It is possible to output the terminal screen on TV through cable in connection with TV.

- Bluetooth

Support a short distance network by using Bluetooth.

- USB interface

It is possible to use various USB input devices through USB interface. Such devices may include game pad, mouse, keyboard, etc. It is also possible to be mounted with other hardware additionally.  
- Hot key/Virtual Key

Hot key means an additional game key dedicated for game only. If it is not supported, virtual key can be used. it use general key and provide the customers with convenience to operate a game 

- Internal storage
It means terminal built-in storage. It can discuss about this size class by class.

- External storage
Internal storage of terminal has its limit. So through providing external storage, users can store more games in external storage.
- Various sound sources

It is to provide the customers with various sound sources such as MP3, PCM, SMF, ADPCM, AAC/AAC+.

- MPEG

Game intro scene can be expressed with MPEG.

- Shader 
Through vertex shader or pixel shader, it is possible to implement more realistic 3d graphics.

4 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.
5 Recommendation

- All companies in OMA GS WG can review this suggestion, and then discuss about potential problems with classification of the games and any addition of classification factors can be discussed at the Conf Call or Beijing meeting.
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