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Number of UEs Simultaneously Active on HSDPA Control Channels

1.0 Introduction

An analysis of state occupancy provides an insight into the spectral cost of the protocol options.  This paper examines state occupancies of UEs utilizing a HS-DSCH for typical IP data traffic.  It estimates the number of UEs simultaneously active on the HSDPA control channels.

2.0 Background

Figure 1, reproduced from [1], illustrates a typical packet data session. The focus of this analysis will be for Web browsing, however, it may be applied to FTP and email transfer as well.  The traffic is modeled as distinct sessions with a Poisson arrival process.  Each session marks a period of higher activity comprised of a number of packet calls.  The number of packet calls per session is geometrically distributed while the time between packet calls is exponentially distributed.  If the session models a Web browsing session, then the packet call models a Web page download and intermediate time models the think time used peruse the Web page.  Each packet call consists of one or more packets whose inter-arrival time and length are both exponentially distributed.  The packet inter-arrival time selected by ETSI for Web browsing is proportional to the link data-rate.  In fact, the packet inter-arrival rate is selected such that the packet call represents a nearly continuous transfer.  This last fact is useful to derive some analytical results.
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Figure 1 Illustration of a WWW browsing session.

3.0 Analytic Results

To approximate the number of simultaneous data calls, the HS-DSCH may be modeled based on a M/M/1 queue. Each backlogged user in a M/M/1 system is analogous to UE being simultaneously served on the HS-DSCH (using time division multiplexing as the dominant scheduling mode). When each packet call is viewed as an arrival event, queuing theory predicts the number of simultaneous active user, N, based on the utilization of the link [2] as:

	N
	=
	

	
	
	(1-)


where

	 =  utilization of the link.


For this analysis, the utilization of the channel describes the percentage of time the data pipe is full.  For example, a 3 Mbps shared channel utilized at 75% would transfer on average 2.25 Mbps per second. In physical terms, the utilization specifies the packet session arrival rate.  For a given utilization, the packet session arrival rate can be calculated based on the data traffic model's transfer size per session.  Figure 2 shows a plot of the analytical results.  
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Figure 2 Analytic estimate of the average number of simultaneous active UEs.

At 75% utilization there are fewer than 5 backlogged users suggesting that there will be very few simultaneously active UEs.  At 90% utilization there are still less then 20 back-logged users suggesting that even at this high load the number of simultaneous UEs will be low.  Only in the overload condition does the number of UEs increase exponentially.  Therefore, it is reasonable to assume that the efficient support for 50 simultaneous be necessary, while provisions for handling an overload condition are available.

4.0 Conclusion

This paper has examined the state occupancies of UEs utilizing a HS-DSCH for typical IP data traffic.  At 90% utilization, there are fewer than 20 simultaneously active UEs.  As a result, it is reasonable to assume that the support for 50 simultaneous will be sufficient for HSDPA provided that provisions for handling an overload condition are available.
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