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1. Introduction
To address the WI of Enhancements for Diverse Data Applications, one major component is to understand the traffic the system is carrying. Since gaming is expected to be one of the major sources of data traffic for smartphones, we provide our findings on a few selected games and present a few observations.
Due to the diversity of games and devices, we selected only a few popular ones and see if we could learn any common traffic characteristics from those.
2. The Games

Due to limited time and resources, we selected the following four online multi-player online games from the Android platform and we logged the traffic (using Wireshark installed on the UE) between the UE and the game server to look for patterns. All these games require frequent packets to be exchanged OTA in real-time with other human players on the Internet.
1) Project INF - a 2D shooting game where you play as a team member with other online players
2) Modern Combat 2 - a 3D first-person-shooter (FPS) military mission game where you play as a team member with other online players

3) Reckless Racing - a car racing game where you control the steering the brake of the car to race a road course with other cars, which are controlled by other online players

4) Pocket Legends - a role-playing game (RPG) where you control a character to walk around to meet other players and battle monsters
Some screenshots of the games are shown in Appendix A.
3. The Traffic
The general statisitcs are summarized in Table 1.
	Metric\Game
	Project INF (PI)
	Modern Combat 2 (MC2)
	Reckless Racing (RR)
	Pocket Legends (PL)

	Protocol used for majority of traffic
	UDP/IP
	UDP/IP
	TCP/IP
	UDP/IP

	Avg DL data rate (kbps)
	17.6
	12.5
	12
	1.9

	Avg UL data rate (kbps)
	1.3
	3.3
	6 
	0.7

	Avg DL packet size

(bytes)
	192
	81
	367
	92

	Avg UL packet size

(bytes)
	38
	27
	186
	73

	DL IAT 90%-tile (ms)
	150
	50.9
	242
	120

	UL IAT 90%-tile (ms)
	367
	69.6
	241
	212


Table 1 Statistics of Gaming Traffic
All the packet inter-arrival times were measured at the UE for both UL and DL packets.

The detailed cdf’s of the metrics are shown in the Appendix B and the following is what we observed:
· Data rate needed - a little bit larger than 1 voice call
· Avg DL data rate 1.9 – 17 kbps

· Avg UL data rate 0.7 – 6 kbps

· TCP
· Steady packet generation: 1 packet every 240 ms

· Moderate PDCCH load

· TCP packet size varies a lot (expected since TCP is doing segmentation/concatenation of app packets)

· UDP
· Small packets: tens of bytes to hundreds of bytes.

· Application packet interarrival time clusters around a few values

· Application data size clusters around a few values

· Could be heavy PDCCH loading depending on the game
As can be seem from above, all of the games we tested use UDP except Reckless Racing. In general, the games exchange small and frequent data packets to update the other side. There are two ways we envision to capture the traffic model as inputs to simulations. One way is try to fit the above data to some statistic distribution (parameterized), which will be quite time consuming. We could use the MGNM/3GPP interactive traffic model (see Annex A of [1]) with updated parameters based on the traffic patterns we observed from these games.

Alternatively, we could provide the raw data arrival and size info for each game on a spreadsheet or cvs file. If RAN2 agree to the later, we are happy to provide the raw data.

Proposal 1: to discuss whether we should attempt to fit the above data to a statistical model or just use the raw data (actual packet arrival time and size) as inputs for simulation.

4. Effect of DRX
We played the games on a commercial LTE system to develop some feel of the games. We also played the games via WiFi instead of LTE. In both cases, the user experience and the traffic patterns (at IP packet level) are quite similar. After that, we are interested if we could use DRX to save some battery power without degrading the gaming experience. We added a DRX emulator between the UE and the eNB to create the delay that would have been there had DRX been activated. Then we played the games again with the following DRX settings.
1) 100ms inactivity timer and 2s DRX cycle (this is to verify the game is indeed not playable)
2) 100ms inactivity timer and 500ms DRX cycle (this represents a typical web browsing setting)
3) 20ms inactivity timer and 50ms DRX cycle (this represents a power saving setting)
The (subjective) user experience is summarized in Table 2:

	User Experience 

	Game\DRX Setting 
	100ms inactivity timer

2s DRX cycle
	100ms inactivity timer

500ms DRX cycle
	20ms inactivity timer

50ms DRX cycle

	Pocket Legends 
	Playable but noticeable degradation 
	No observable degradation 
	No observable degradation

	Project INF 
	Non-playable 
	No observable degradation
	No observable degradation

	MC2 
	Non-playable 
	No observable degradation
	No observable degradation


Table 2 User Experience with Different DRX Settings

It can be seen from Table 2 that user epxerience suffers when the DRX cycle is too long. The reason is when there is a time gap > 100ms between two packets, the UE will enter DRX off and any subsequent DL packet will suffer up to 2s delay. Also, in the 2s case, we also saw that the user state could be delayed. For example, if our game charater is “terminated” by an opponent in the opponent’s console, we will not find out from our local UE until 2s later.

Observation 1: Inacitivity timer and DRX cycle values have great impact on user experience.

The next metric to consider is the actual energy saving (if any) during the game. As shown in Table 3, the percentage of ON Time can vary drastically between DRX setttings. For example, for MC2, the packet (UL+DL) interarrival time is in tens of ms so with 100ms inactivity timer, the UE effectively never enters DRX hence the 100% ON Time, which means the UE RF and baseband are ON all the time and this DRX setting does not provide any power saving. On the other hand, if we use a 20ms inactivity timer and 50ms DRX cycle, the ON Time (with 5ms ON Duration) is reduced to only 35%, hence a power saving of 65%.

However, for other less demanding games like PL and PI, the relative gain with shorter DRX cycle is less dramatic.

We can also see that DRX setting of 100ms inacitivity timer and 2s DRX cycle may be good for web-browsing, it is not optimal for some games.

Observation 2: Depending on the traffic pattern of the game, some DRX setting will provide much better power saving than others while still keeping the same gaming experience.
	% of ON Time with OnDuration=5ms, Warmup=0ms
Numbers in [ ] are for OnDuration=0ms and Warmup=0ms 

	Game\DRX Setting 
	100ms inactivity timer
2s DRX cycle
	100ms inactivity timer
500ms DRX cycle
	20ms inactivity timer
50ms DRX cycle

	Pocket Legends 
	Playable but noticeable degradation 
	51.2% [50.9%] 
	35.2% [25.6%] 

	Project INF 
	Non-playable 
	35.5% [35.0%] 
	35% [26.0%] 

	MC2 
	Non-playable 
	100% [100%] 
	63.7% [56.4%] 


Table 3 Percentage of ON Time

5. Proposals
In this contribution, we present some initial findings of some Android multi-player gaming traffic and also the effect of DRX. We made the following proposal and two observations.
Proposal 1: to discuss whether we should attempt to fit the above data to a statistical model or just use the raw data (actual packet arrival time and size) as inputs for simulation.

Observation 1: Inacitivity timer and DRX cycle values have great impact on user experience.

Observation 2: Depending on the traffic pattern of the game, some DRX setting will provide much better power saving than others while still keeping the same gaming experience.

6. Reference

[1] “NGMN Radio Access Performance Evaluation Methodology”, by NGMN Alliance, January 31, 2008.
7. Appendix A - Screen shots of games
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Figure 1 Project INF
[image: image2.png]



Figure 2 Modern Combat 2
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Figure 3 Reckless Racing
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Figure 4 Pocket Legends
8. Appendix B – Detailed Stats of Games

Detailed Stats of Project INF
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Figure 5 DL Data Packet Size
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Figure 5 UL Data Packet Size
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Figure 5 DL Data Packet Inter-Arrival Time
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Figure 5 UL Data Packet Inter-Arrival Time
Detailed Stats of Modern Combat 2
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Figure 5 DL Data Packet Size
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Figure 5 UL Data Packet Size
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Figure 5 DL Data Packet Inter-Arrival Time
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Figure 5 UL Data Packet Inter-Arrival Time
Detailed Stats of Reckless Racing
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Figure 5 DL Data Packet Size
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Figure 5 UL Data Packet Size
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Figure 5 DL Data Packet Inter-Arrival Time
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Figure 5 UL Data Packet Inter-Arrival Time
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