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1. Introduction 
In [1] some important aspects of the HS-SCCH and HS-DPCCH design for Dual-Cell HSDPA operation were discussed. In RAN1#53bis, the question emerged as to how many HS-SCCHs need to be monitored by each dual-cell-capable UE. It was agreed that a UE must be able to monitor:
· Carrier #1: max 4 HS-SCCHs +1 for HS cell change enhancements

· Carrier #2: max 4 HS-SCCHs

· In total: max [4-8] HS-SCCHs +1 for HS cell change enhancements

Rel-5 HSDPA requires UEs to be capable of monitoring up to 4 HS-SCCHs on a single carrier, except in the case of consecutive TTIs being scheduled for the same UE, when only 1 HS-SCCH needs to be monitored. Further flexibility has alerady been introduced in Rel-8, with the removal of the latter restriction so that 4 HS-SCCHs need to be monitored in every subframe. 
In order to progress the outstanding decision on the total number of HS-SCCHs, in this paper we investigate the blocking probability (i.e. the probability that a packet cannot be scheduled because there is no control channel available) for different numbers of monitored HS-SCCHs in total across the two carriers. In principle it is desirable from the point of view of UE complexity to avoid requiring the UE to monitor more HS-SCCHs than are necessary from a scheduling perspective. This is particularly the case when considering future possible extensions of dual-cell operation, where larger numbers of carriers might be involved and it is important to avoid the number of HS-SCCHs to be monitored increasing linearly with the number of carriers. 
2. Analysis of number of monitored HS-SCCHs
We consider here the effect of monitoring different numbers of HS-SCCHs on the blocking probability – i.e. the probability that an HS-DSCH packet to be transmitted to a UE in a given subframe cannot be scheduled due to all of the HS-SCCHs in the monitored set for that UE being in use for other UEs. It is assumed that the limiting factor on the number of UEs which can be simultaneously scheduled is the number of configured HS-SCCH codes. 
Figure 1 shows the blocking probability for a total of 8 active UEs, with 4 HS-SCCHs configured per carrier. Each UE can be scheduled for transmission on one or both carriers in each subframe. On each carrier, the active UEs monitor either 4, 2 or 1 of the configured HS-SCCHs – i.e. a total of either 8, 4 or 2 HS-SCCHs across the two carriers. 

The traffic loading is shown on the x-axis, normalised to the average number of packets transmitted per subframe per configured HS-SCCH. We assume that a maximum of one packet to be scheduled per subframe arrives randomly for each UE and packet arrival and scheduling is uncorrelated between the carriers.
Similar results are shown in Figure 2 for a case of 100 active UEs, again with 4 HS-SCCHs configured per carrier. 
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Figure 1: Blocking probability for 8 active dual-cell UEs and 4 configured HS-SCCHs per carrier
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Figure 2: Blocking probability for 100 active dual-cell UEs and 4 configured HS-SCCHs per carrier
3. Conclusions

It can be seen that there is an increase in the blocking probability as the number of monitored HS-SCCHs per carrier is reduced. For example, UEs if the total number of monitored HS-SCCHs is kept at 4 when the second carrier is introduced, at an average traffic loading of 0.5 packets transmitted per configured HS-SCCH, the blocking probability increases from 7% to 15% in the case of 8 active UEs, and from 4% to 12% in the case of 100 active UEs. 
The significance of these levels of blocking probability should be considered in the light of the 2ms scheduling interval. 

When adding a second carrier a choice could be made between:-

(a) An increase in UE complexity required to monitor additional control channels on a second carrier (to keep blocking probability at its current value).

(b) Keeping the UE complexity for HS-SCCH decoding the same as for Rel7 and reducing the number of control channels monitored per carrier (at the expense of some increase in blocking probability).    
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