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1. Introduction

Currently we see a lot of activity in 3GPP on the topic of voice over IMS (VCC, MITe and other work-items).  We believe, that besides VoIMS applications also gaming over IP applications (GoIP) need to be considered as it can be expected that GoIP could become important for operators.
However, it seems that while performance requirements for voice are quite accurately described in TS 22.105, equivalent performance requirements for gaming are still rather crude. This is probably due to the fact, that while for voice there is sufficient research result on user perception of QoS of voice transmission (e.g. ITU-T G.114) equivalent accurate data seem to lack in the area of gaming.
The question on QoS for gaming requirements has also been asked in LS S1-060370 on “Improved support of gaming over HSDPA/EDCH” from RAN2.
Siemens has conducted some research on gaming – characteristics of games, related user behaviour and potential requirements on end-to-end latency. (References see [1],[2] and [3])
The current document presents a brief discussion on gaming characteristics and proposes some improved requirements on GoIP performance.

The related proposed CR to TS 22.105 can be found in document S1-060461.
2. Discussion on Requirements
2.1 Current requirements

The current requirements for Conversational services (TS 22.105, section 5.5) state: 
Table 1: End-user Performance Expectations - Conversational / Real-time Services

	Medium
	Application
	Degree of symmetry
	Data rate
	Key performance parameters and target values

	
	
	
	
	End-to-end One-way

Delay
	Delay

Variation within a call
	Information loss

	Audio


	Conversational voice


	Two-way
	4-25 kb/s
	<150 msec

preferred

<400 msec limit Note 1
	< 1 msec 
	< 3% FER 

	Video


	Videophone
	Two-way
	32-384 kb/s
	< 150 msec preferred

<400 msec limit

Lip-synch : < 100 msec 
	
	< 1% FER 



	Data 


	Telemetry

- two-way control
	Two-way
	<28.8 kb/s
	< 250 msec 
	N.A
	Zero

	Data
	Interactive games
	Two-way
	< 1 KB
	< 250 msec 
	N.A
	Zero

	Data
	Telnet
	Two-way

(asymmetric)
	< 1 KB
	< 250 msec 
	N.A
	Zero


Note 1: 
The overall one way delay in the mobile network (from UE to PLMN border) is approximately 100msec.

According to the table gaming requires end-to end delays of < 250 msec – which we believe is a too weak requirement, and a zero information loss – which we believe is a too strong requirement.
2.2 Categorisation of different kinds of gaming
Given the wide variety of games available, we have categorised them as follows:

· First Person Shooter (FPS) – fast user response, many online players at once, highly dynamic 
· Real Time Strategy (RTS) – slightly lower response required, slower gameplay, handful of players in a single game
· Massive Multiplayer Online Role Playing Games (MMORPG) – Persitent games, Highly variable scenarios, many hundreds of players online at once, many tens in a given situation 
· Non-real Time Games (NRTG) – e.g. Chess, backgammon, cards etc.

The following requirements could be considered adequate to describe each category:

· End-to-end delay

· Jitter

· Application packet loss 

· Data rate

2.3 Requirements for First Person Shooter games(FPS)
End-to-end delay:

Several contributions on the Internet show following E2E delays
· 50ms…100ms good gameplay

· 100ms…150ms noticeably decreased Gameplay

· 150ms…200ms significantly affected Gameplay

· >200ms „intolerable“ Gameplay
Other contributions talk about 150ms…250ms, however, the tolerability depends on the personal opinion of the player and also the game that is being played.  E.g. recent studies [2] of UT2003 have shown that E2E latencies >100ms give a quantitative impact on performance, and latencies >75ms have a perceived impact on performance.

Also an analysis of online gaming models for wireless networks [1] shows that for E2E delays >200ms the Mean Opinion Score (MOS) is almost zero – the game is unplayable – independent from packet loss.

Jitter: 

A jitter of 10ms can be expected to be critical for FPS games, however information on this matter is scarce and research is still in progress.  Fixed line gaming (over DSL for example) leads to a situation where jitter is a function of latency, and hence it is difficult to separate the two in identifying the effects.  However, in the RAN, we can expect jitter in our system to have a higher variance for a given value, which may exacerbate the problems seen in current research papers.

Packet loss:

Several contributions that we found on the Internet mention a packet loss of 3%. In our opinion this value is too high. In [1] it is shown that already 1% packet loss makes the game unplayable even if the delay is < 50ms.  However, in [2] it shows that even up to 5% packet loss has a negligible effect

Data rate:

The advertised throughput requirements range up to 56kbps (e.g. for "Star Wars: Jedi Knight 2"), and the measured rate from [2] is between 65 – 70kbps

2.4 Requirements for Real Time Strategy games (RTS)
End-to-end delay:

While several contributions expect 250ms …500ms to be acceptable, [1] shows that 300ms could be accepted if the packet loss is zero.

Jitter:

Almost no useful information on the jitter could be found. 

Packet loss:

According to [1], 1% packet loss makes the game well playable even if the delay is 150ms.

2.5 Requirements for Massive Multiplayer Online Role Playing games (MMORPG)
For MMORPG almost no information could be found. It can be assumed that the end-to-end delay requirements are similar to RTS games. Very situation dependant, worst case requirements are:
End-to-end delay:

· Latency <<350ms

Data rate:
· Examples:

· 8 – 15 Kb/s  – Eve

· 16 – 24kb/s  – Wold of Warcraft

Packet loss:

· Several packets every ms

· Packet loss 10% not a problem if latency is low, 10 – 15% packet loss @ 150ms ping is OK

2.6 Requirements for Non-real Time games (NRTG)
Non realtime games have not been investigated within this document. The target for packet loss can be assumed to be zero.

3. Summary
For the definition of QoS requirements we classified online games into four groups according to their expected delay requirements. Even within these groups the requirements for delay, jitter and packet loss are different depending on the games and on the expectations by the player. Nevertheless we found typical ranges for the requirement attributes for real time gaming.  

· Packet loss 0.1% --> 5%

· Latency (e2e) 75ms – 250ms

· Data rate (5kbps- 60kbps)

It is clear from the values above that the definition in 22.105 is considerably stricter than is necessary in terms of packet loss in most cases.  However, in terms of latency, for best performance the requirements are too low – e2e delays of 50 – 100ms are required for best performance in the games requiring the fastest response.

The surprising result is the tolerance of many games to packet loss.  However, the range of acceptable values has been seen to be as low as less than 1% and as high as 10%.

4. Proposal for requirements in TS 22.105 on interactive gaming
Given the results of our study on First Person Shooter games (FPS) is proposed to change the values in table 1 of TS 22.105, section 5.5 for End-user Performance Expectations on interactive games to the following values:

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

Delay
	Delay

Variation within a call
	Information loss

	Data
	Interactive games
	Two-way
	
< 60 kb/s
	
< 75 msec preferred
	N.A
	
< 3% FER preferred,

< 5% FER limit
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