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1. Introduction

An HTTP Web Browsing synthetic traffic model has been in use in 3GPP since around the 2003 timeframe (see for example TR 25.892).

The model is page-oriented, each page consisting of a main object, followed by a parsing time and subsequent delivery of Nd embedded objects.  Pages are separated by exponentially distributed reading times.

The main object and the embedded objects are given separate truncated log-normal distributions and the number of embedded objects conforms to a truncated Pareto distribution.

The parameters of the model are reproduced in Table 2 (Annex A).
Since the model was introduced, there has been a significant change in web page statistics (due to changes in content, web technology, publishing trends and user behaviours).  The current HTTP web browsing model of Annex A delivers a mean source rate of approximately 1.5KBytes/sec during an active session (for an assumed link rate of 5Mbps).  Observations of web traffic during 2011 suggest that this may under-estimate modern source rates, where average session rates of e.g. 5-30 KBytes/s are not uncommon.
[1] reports that average web page sizes have multiplied 7-fold since 2003 (from 93.7KBytes to 679KBytes) and that the number of objects associated with each page which has tripled since 2003 (from 25.7 to 85).  Statistics reported in [2] suggest that the average web page size (‘over the wire’) during 2010 was 320KBytes and that the mean number of GETs per page was 44.  Some have cautioned however that in both of these data sources, an empty cache is assumed when arriving at the website, hence real-world page sizes may be somewhat lower in practice if commonly visited by the user.
In contrast, the model of Appendix A exhibits a mean page size of only 46 KB and comprises on-average just 5.6 objects.  In this paper we consider the validity of the existing model.
2. Discussion
Reference [2] provides CDF percentile points for both the number of GETs per page and the number of KB per GET.  These are useful statistics which may be compared to the existing model distributions in an attempt to determine appropriate amendments.
Figure 1 shows a CDF of the number of GETs per page from the data of [2] vs. the number of objects in the existing HTTP model.  The Pareto distribution for an adjusted parameter set is also plotted in which the same alpha shape factor is retained but both the minimum value k and the maximum value for truncation are altered.  Note that in the adjusted parameter set, the minimum value k=18 is not subtracted from the final value of Nd (unlike in the existing model in which k=2 is subtracted).
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Figure 1 – Number of Objects / GETs
Reference [2] also provides a CDF of the number of KBytes associated with each GET.  This is plotted in Figure 2 along with results from some RIM-measured data and two truncated log-normal distributions (one for the existing HTTP model and an adjusted one to better match the measured data sets).
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Figure 2 – Object Sizes / Size per GET

With the revised Pareto parameters for the number of objects, and the revised parameters for the embedded object sizes, the HTTP synthetic model then delivers a mean page size of approximately 310KBytes and with a distribution that is not dissimilar to the data of [2] (Figure 3).
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Figure 3 – Page Size Distributions

Mean source rates would then be a function of the mean reading time (e.g. the following would result for an assumed 5Mbps link):

· Dpc = 30 secs, mean session rate = 10 KBytes/sec
· Dpc = 20 secs, mean session rate = 14.9 KBytes/sec

· Dpc = 15 secs, mean session rate = 20.4 KBytes/sec

Note that in this section we have retained focus on the number of embedded objects, the object sizes and the reading time, whilst other aspects of the model (main object size and parsing time) have not been considered.
3. Comparison with trace

Unfortunately, even with the revised parameters set out in section 2, the time-domain statistics of the updated HTTP model do not appear to be consistent with observed trace for web browsing and web-based user-interactive mobile device sessions.
To help illustrate this, we divide traffic generated by the model into on/off periods by use of a 1 second activity timeout.  The on periods thus comprise ‘packet calls’ (and for the HTTP synthetic model, there is then a 1-to-1 correspondence between a page and a packet call).  We do the same for 4 traffic traces taken from mobile devices.  Traces 1 & 2 were recorded during pure web browsing sessions whereas traces 3 & 4 were recorded during more general sessions of user-interactive content pull (including both web browsing and web-enabled-application traffic).  The mean session rates for the traces are listed in table 2.
Table 1 – Mean Session Rates (Downlink)

	Trace
	Mean Session Rate

	Trace 1
	21.25 KB/s

	Trace 2
	5.9 KB/s

	Trace 3
	8.9 KB/s

	Trace 4
	28.6 KB/s


Figure 4 shows the cumulative distributions of the resulting packet call volumes in which it can be seen that the revised HTTP model is not well aligned with the observed traces.  With the updated web page sizes, the model produces almost no packet calls less than 50 KB, whereas in the recorded traces, 30-60% of DL packet calls are less than 1 KB in size.
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Figure 4 – Packet Call Volume Comparisons
Figure 5 shows the mean time between the starts of successive packet calls in the traces (again assuming a 1 second timeout).  In the HTTP model (and for reasonable link rates), the page download times remain relatively small compared to the reading time, hence these values may be approximately compared against the reading time itself for the HTTP model.  This would suggest the need for reading times a little lower than this range (of 6-9 seconds) in the model, whereas use of these values would produce larger mean session rates (e.g. around 45 Kbytes/sec for a reading time of 6s - exceeding those most-commonly observed in trace), and would still not address the absence of small packet call volumes.
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Figure 5 – Mean times between packet calls (@ 1sec timeout)
4. Conclusion

This paper has considered the suitability of the existing HTTP web browsing model for evaluation work in 3GPP.  It is felt that in its current form, the model may no longer be representative of modern web browsing traffic.
Updates to the model parameters in an attempt to reflect observed increases in page sizes (and in the number of embedded objects), unfortunately do not produce a model that is aligned with observed trace.  Notably, the model does not then replicate the prevalence of small packet call volumes that are seen in the recorded traces.
This highlights the value of trace in validating the accuracy of synthetic models and in helping to identify potential over-simplifications in their abstraction of real-world behaviours.
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Annex A

	Component
	Distribution
	Parameters
	PDF

	Main object size (SM)
	Truncated Lognormal
	Mean = 10710 bytes
Std. dev. = 25032 bytes

Minimum = 100 bytes

Maximum = 2 Mbytes
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	Embedded object size (SE)
	Truncated Lognormal
	Mean = 7758 bytes
Std. dev. = 126168 bytes

Minimum = 50 bytes

Maximum = 2 Mbytes
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	Number of embedded objects per page (Nd)
	Truncated Pareto
	Mean = 5.64
Max. = 53
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Note: Subtract k from the generated random value to obtain Nd

	Reading time (Dpc)
	Exponential
	Mean = 30 sec
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	Parsing time (Tp)
	Exponential
	Mean = 0.13 sec
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Table 2: Existing HTTP Traffic Model Parameters

































� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���

















� EMBED Equation.3  ���









[image: image11.wmf](

)

35

.

8

,

37

.

1

0

,

2

2

ln

2

exp

2

1

=

m

=

s

ú

ú

û

ù

ê

ê

ë

é

³

s

m

-

-

s

p

=

x

x

x

x

f

[image: image12.wmf](

)

17

.

6

,

36

.

2

0

,

2

2

ln

2

exp

2

1

=

m

=

s

ú

ú

û

ù

ê

ê

ë

é

³

s

m

-

-

s

p

=

x

x

x

x

f

[image: image13.wmf]55

,

2

,

1

.

1

,

,

1

=

=

=

a

=

a

=

<

£

+

a

a

a

=

÷

ø

ö

ç

è

æ

m

k

m

x

m

k

f

x

m

x

k

x

k

f

x

[image: image14.wmf]033

.

0

0

,

=

l

³

l

-

l

=

x

e

x

f

x

[image: image15.wmf]69

.

7

0

,

=

l

³

l

-

l

=

x

e

x

f

x

_1053932406.unknown

_1053933961.unknown

_1053933825.unknown

_1053931978.unknown

_1053931524.unknown

