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Hitting the CCCH Wall
1. Introduction

The multiple CCCH capability of current GERAN specifications allows for as many as 4 CCCHs to be supported on a given BCCH carrier where configuring a cell to support this maximum number of CCCHs may be necessary due to AGCH capacity limitations.  This configuration may then lead to the scenario known as “hitting the CCCH wall” wherein overall system access load combined with paging load results in the AGCH capacity becoming exhausted. When this scenario is experienced one way forward is to increase the number of MS that can be addressed by an assignment sent on the AGCH. 

2. Hitting the CCCH Wall
IPA represents one way of dealing with the “hitting the CCCH wall” but is seen as only providing temporary relief in that even with a 2 fold increase in the number of MS that can be addressed within a single AGCH assignment message, the “hitting the CCCH wall” scenario can occur again as the offered load within a cell continues to increase over time. As such, OSAP has been proposed as a longer term solution because of its ability to address e.g. 6 MS within a single AGCH assignment message. 
However, concerns have been expressed over the use of OSAP due to the additional PACCH signaling it introduces wherein, after receiving an Enhanced Immediate Assignment (EIA) message on the AGCH, a MS moves to a PDTCH where PACCH signaling is used to send it an Additional TBF Information (ATI) message providing supplemental uplink packet resource information not provided by the EIA message. OSAP and IPA are therefore examined below from a PDCH utilization perspective for the case where the “hitting the CCCH wall” scenario occurs with IPA operational.
· The “hitting the CCCH wall” scenario occurs when the available AGCH capacity of 4 CCCHs is not sufficient to handle the system access load combined with paging load (i.e. increased paging load can of itself result in reduced AGCH capacity).
· Using the OSAP 6 fold improvement compared to the IPA 2 fold improvement allows for replacing a 4 CCCH configuration with IPA with a 2 CCCH configuration since only 1/3 of AGCH capacity will be needed (4/3 = 1.33 CCCHs which is then realized using 2 CCCHs).

· Compared to IPA, the OSAP solution therefore saves 2 full uplink TS from being available for RACH purposes and 2 full downlink TS from being available for BCCH/AGCG/PCH purposes. Within the context of a 52-MF each of these saved TS translates to Y PDCH radio blocks per unit time (i.e. 50 PDCH radio blocks/s). 
· For IPA each AGCH supports a load of X messages per unit time or 4X AGCH messages per unit time considering the AGCH load on all of the CCCHs combined. However, while still supporting the same quantity of MS addressed by these 4X AGCH messages (= 2*4X based on IPA AGCH bundling factor = 2), OSAP reduces the actual number of AGCH messages to 8X/6 or 1.33X using an EIA bundling factor of 6.
· For an ATI bundling factor of 3 (i.e. each ATI message addresses 3 MS) we then have (6*1.33X)/3 = 2.66X additional downlink PACCH messages per unit time resulting from the use of OSAP (i.e. PDCH utilization is reduced by 2.66X downlink radio blocks per unit time).

The net impact of using OSAP (instead of IPA) to deal with the “hitting the CCCH wall” scenario is therefore a downlink PDCH utilization gain of 2Y – 2.66X radio blocks per unit time and an uplink PDCH utilization gain of 2Y radio blocks per unit time. For a 1 second time interval we therefore have:
· For the case of 6 AGCH blocks per 51-MF we have 6*(1000/235.37) = 25.5 AGCH messages/sec (i.e. X =25.5) where each AGCH message employs an IPA bundling factor of 2. 

· Y = 50 since it represents the equivalent of using a full timeslot to send radio blocks within a 52-MF format.

· This gives a PDCH utilization gain of (2*50) – (2.66*25.5) = 32 radio blocks per second on the downlink and a PDCH utilization gain of 100 radio blocks per second on the uplink when using OSAP as shown in Table 1 below.

· If we consider the case of an ATI bundling factor of 2 (i.e. each ATI message addresses 2 MS) then we have (6*1.33X)/2 = 4X additional downlink PACCH messages per unit time. This translates into a PDCH utilization gain of (2*50) – (4*25.5) ~ 0 radio blocks per second on the downlink ( OSAP and IPA would perform the same regarding downlink PDCH utilization for the “hitting the CCCH wall” scenario. 
Table 1 – PDCH Utilization Impact of OSAP vs IPA for the “Hitting the CCCH Wall” Scenario
	EIA/ATI Bundling Factor
	IPA Bundling Factor
	Uplink PDCH Utilization Impact (radio blocks/s)
	Uplink PDCH Utilization Impact (radio blocks/s)

	5/3
	2
	+100
	100 – 6*(8X/5)/3 =  100 – 6*1.6X/3 = +18

	5/2
	2
	+100
	100 – 6*(8X/5)/2 =  100 – 6*1.6X/3 = -22

	6/3
	2
	+100
	100 – 6*(8X/6)/3 =  100 – 6*1.33X/3 = +32

	6/2
	2
	+100
	100 – 6*(8X/6)/3 =  100 – 6*1.33X/3 ~ 0


3. Conclusion
As shown in Table 1 in section 2 above, OSAP always allows for an increase in the uplink PDCH utilization when compared to the case of using IPA for the “hitting the CCCH wall” scenario.  In addition, the impact of OSAP on downlink PDCH utilization will be positive or neutral depending on the EIA/ATI bundling factor considered. As such, OSAP does not represent either a significant increase or decrease of PDCH utilization when considering possible long term solutions to the “hitting the CCCH wall” scenario.
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