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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document is intended to gather all information in order to compare the solutions and gains vs. complexity, and draw a conclusion on way forward.

This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.

The purpose of this TR is to help 3GPP TSG RAN WG2 define, describe and improve the support for gaming using HSDPA/HSUPA (HS-DSCH/E-DCH), focusing on minimizing delay and the service interruption time in case of handover.  The latency of radio, core network, and terminals should be included in this TR with evaluations of the various complexity issues affecting both real time gaming (such as RT Shooting and RT auto racing) and less than real time gaming (such as chess and other less demanding gaming).  Inclusion of 2 way RT gaming plus 2 way synchronized voice should also be included in this TR.  All evaluations shall include complexity analysis and any end-user complexities and relevant issues.
The activity involved in this TR involves both Radio Access and has impacts that include Radio Access Network and Mobile Equipment.

This TR is intended to work in conjunction with other WI’s that are currently employed in reducing the latency of the radio network.
The conclusion of this work item shall be CR’s that will be presented to RAN WG2 and other WG’s 

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

 [1]
3GPP TD R2-061495: “LS on Real Time Gaming Requirements”
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

<defined term>: <definition>.
Editor’s note:  Items 3.1.1 and 3.1.2, below, are directly from the OMA LS to RAN - (T-doc RP-060532
Gaming over HSDPA networks (OMA Game Services WG))
[3.1.1) Latency: The time requirement of message transmission from one terminal to another.

- Latency means the time delay from one network, link, and equipment to another. It is affected by network circuit, equipment, and server’s burden which the network consists of.

In the mobile device environment, latency is decided by the distance of each terminal, the time delay of network hardware and the processing powers of terminal. 

The latency mainly occurs in the wireless section between mobile device and the base station and the management section of network message in mobile device.

- Because the increase of network message is proportional to operation of it, the performance bottleneck may be occurred by the network transmission more than its network processing capacity. This could cause the increase of latency.
The increase of game data transmission is proportional to the probability of data loss. This data loss could cause the increase of latency.

If the fragment occurs for the large amount of game data transmission, the fragmentation and de-fragmentation waste computing time and each fragment transmission make more several transmissions. That could cause the increase of latency.

3.1.2) Throughput: The amount of data transmission capacity per unit time

- Throughput is defined as the capacity of information transmission. It is expressed the maximum amount of data transmission capacity per unit time. Generally, the notation of throughput is bps (bits per second) or BPS (bytes per second).

- The game elements which influence throughput are the number of objects, the size of packet, and the frequency of packet, etc.

-  If the number of objects is n, the frequency and the amount of transmission are proportional to n2. Then it increase throughput which is proportional to the amount of transmission. If each fragment includes header, the required throughput increase more.

- The overhead to compute the transmission of data increase in proportion to be increased game data transmission frequency. The data transmissions more than the computing power of device causes the bottleneck of efficiency. That induces the decrease of throughput.
Performance Elements

The performance can be influenced by game data transmission unit and game data frequency for game and by MTU and data loss probability for network.

a.) Game data transmission unit: the amount of data per one unit transmission.

As the size of game data increase, latency increases and throughput decreases by fragmentation, retransmission per fragment, reordering, and de-fragmentation overhead.

b.) Game data transmission frequency: the frequency of data transmission for game.

As the frequency of game data transmission increase, latency increases and throughput decreases by fragmentation, retransmission per fragment, reordering, and de-fragmentation overhead.

c.) MTU(Maximum Transmission Unit): the maximum data transmission unit without division of it.

MTU means the maximum data transmission unit without division of it. Smaller MTU can make more often fragmentation. Latency increase and throughput decrease by that.

d.) Reliability: The proportion of successful data transmission from starting point to destination.

If proportion of data loss or damage is less, it means high reliability. Lower reliability makes more retransmission and more de-fragmentation. Latency increase and throughput decrease by that.]

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:
Editor’s note: Generally accepted definitions in the gaming community- 
· MMORPG:  


Massively-Multiplayer Online Role-Playing Game                    
· FPS: 




First-person shooter 

· Action, Sports: 

Sports Action Games 

· Board, Puzzle: 

Puzzle Board Games 

· RTS: 




Real Time Strategy Games 

4
Introduction

At 3GPP TSG RAN #30 (December 2005, RP-050871 WI on Gaming was approved with R2 having the primary responsibility.
HSDPA and HSUPA are very important features for operators to carry efficient multimedia services in conjunction with IMS. Gaming is an increasingly important application that requires better performance to satisfy the user expectation. There is a need to enhance the support for gaming, e.g. to focus on minimizing of delay and the service interruption time in case of handover. 

The suggestion has been made to evaluate how gaming can be supported with current technology and what exactly are the shortcomings compared to the requirements. Many issues may not be understood in detail. Based on this concept, the WI should identify areas that contain potential for improvement and if technology enhancements are needed, they should be described in detail, benefits and performance should be evaluated and the impacts on the specifications and working groups should be made clear. One way forward would be to have a look at performance (or lack there-of) on a per feature basis.
(Ed note: from OMA LS RP-060532)

Some of the data below is based on premium mobile games currently being deployed in Asian markets. 
5
Background Mobile Gaming 
5.1


Gaming applications 
(Ed note: from OMA LS RP-060532)
The network property for game genre

Network game processes with synchronizing the context shared by multiple network nodes. The way of sharing context and synchronizing is different for each game. But generally, the network properties for each game genre can be described below.

	game genre
	frequency of data transmission
	size of game data 
	remark

	MMORPG
	300ms ~ 500ms
	64byte ~ 1KB
	The time to transmit data is not regular, and the data frequency is higher from client to sever transmission than from server to client.

	FPS
	50ms ~ 200ms
	64byte ~ 256byte
	The data transmission occurs comparatively at regular intervals.

	Action, Sports
	50ms ~ 100ms
	64byte ~ 256byte
	Quick response of data transmission with smallest latency is demanded.

	Board/Puzzle
	Over 500ms
	32byte ~ 1KB
	A lot of data transmission is not demanded, but it is sensitive to data loss.

	RTS
	50ms ~ 100ms
	32byte ~ 1KB
	A lot of data transmission frequency is demanded, most data are broadcasted to each network node.


The elements of network performance for game genre.

According to the above, the elements of network performance for game genre are as follow:

	game genre
	maximum latency
	minimum throughput
	MTU
	reliability

	MMORPG
	300ms ~ 500ms
	32Kbps
	over 256Bytes
	Middle

	FPS
	Under 150ms
	16Kbps
	64Bytes
	Middle

	Action, Sports
	50ms ~ 200ms
	8Kbps
	64Bytes
	High

	Board/Puzzle
	Over 1000ms
	16Kbps
	32Bytes
	High

	RTS
	100ms ~ 300ms
	16Kbps
	64Bytes
	High


The amount of used network measurements for game genre

- The amount of used network measurements per game genre is as follow:

	Game Name
	Send/Receive
	Avg. Packets/sec.
	Avg. Packet

size (bytes)
	Avg. data size

transferred (bytes/sec)

	Special Force (FPS)
	Send
	7.1
	76
	546.8

	
	Receive
	7.1
	521
	3247

	Tantra (MMORPG)
	Send
	12.6
	1391
	16590

	
	Receive
	7.8
	60.7
	479.85

	KartRider (Racing/Action)
	Send
	43.17
	171.84
	7419

	
	Receive
	41.9
	176.6
	7408

	StarCraft (RTS)
	Send
	11.89
	62.14
	738.8

	
	Receive
	11.93
	61.77
	737.24


5.1.1 
Real Time First Person Shooter

5.1.2

Other Real Time Games

5.1.3

Non-Real Time Games

5.2


Traffic Characteristics

6
Requirements 

(Editor’s note: we refer the related requirement in TR25.xxx)
Required round trip time (RTT) based on the communications model (Peer to Peer & Client-Server) 

Required RTT based on a hybrid model in which part of the game is implemented with the Client-Server model and the remaining part with the Peer-to-Peer model.

Required End to End Delay

Transferred peak and average data rates and probable required band width in each case.

SA1 has produced a CR to TS 22.105 which provides more accurate values for End-user Performance Expectations on realtime gaming. 

Table 1 of TS 22.105 thus will contain the following values for gaming:

	Medium
	Application
	Degree of symmetry
	Data rate
	End-to-end One-way

Delay
	Delay

Variation within a call
	Information loss

	Data
	realtime games
	Two-way
	< 60 kb/s


	< 75 msec preferred

	N.A
	< 3% FER preferred,

< 5% FER limit 


It should be noted, that these values are considered the most demanding ones with respect to delay requirements (e.g. supporting First Person Shooter games). Other types of games may require higher or lower data rates and more or less information loss but can tolerate longer end-to-end delay.

We also believe, that from End-user point of view no distinction of the communications model (Peer to Peer & Client-Server) needs to be made.
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