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1
Introduction
One of the issues for 4C-HSDPA relates to the design of HS-SCCH. In [1], it is agreed that each carrier has its own HS-SCCH. Furthermore, in [2] it is argued that the total number of HS-SCCH monitored by a UE in 3 and 4-carrier HSDPA operation should be decided using the same principles as used in Rel-8. In this contribution, we follow these guidelines and propose that UE monitors a total of 9 and 12 HS-SCCH for 3 and 4-carrier HSDPA operation respectively.  

2   
Number of HS-SCCH codes monitored at the UE in DC-HSDPA operation


When in DC-HSDPA operation, the UE is required to monitor:

·    In total a maximum of 6 HS-SCCH across carriers plus one HS-SCCH on anchor carrier for enhanced serving cell change

·    Maximum of 4 HS-SCCH per carrier

In [3], results were provided that showed some increase in blocking probability when number of HS-SCCHs monitored by DC-HSDPA UE is reduced from four. At the time, it was agreed that the degradation due to increased HS-SCCH blocking might be too significant to allow lowering the number of HS-SCCH to be monitored to less than three. On the other hand, UE complexity concerns mandated relaxing the total number of HS-SCCHs to be monitored. A compromise was reached at maximum of 6 HS-SCCHs to be monitored in total across carriers, plus one on anchor carrier for enhanced serving cell change.

3 
Number of HS-SCCH codes monitored at the UE in 3 and 4-carrier HSDPA operation

When considering a UE in 3 and 4-carrier HSDPA operation, similar questions can be raised as to whether there is a saving in UE complexity if smaller number of HS-SCCH is monitored in total across carriers, but at the same time not increasing the HS-SCCH blocking probabilities significantly. 

Figures 1-7 show the probability of a TTI being blocked when UE monitors different number of HS-SCCH per carrier and for different number of HS-SCCH configured. Here, each UE is assigned to monitor M HS-SCCHs out of N HS-SCCH configured, randomly. A random subset of X, X ≤ N, UE’s are scheduled for transmission every TTI. The Y-axis shows the blocking probability per TTI, i.e., probability that at least one of the UE’s scheduled for transmission in a TTI will get blocked because all of its monitored HS-SCCH are being used to schedule other UE’s in the same TTI. For example, with M=1, N=7, X=3, blocking probability is equal to 1-(6/7)*(5/7) = 0.39, which corresponds to the second step on the blue curve in Figure 4.

 As can be seen, the blocking probabilities increases significantly when the number of HS-SCCH monitored is reduced from four to two or lower. However, blocking probability stays within acceptable levels when number the HS-SCCH monitored per carrier is 3 or higher. 

It is safe to assume processing power of a 3 and 4-carrier HSDPA capable UE to grow linearly with the number of carriers. Also, in view of the increase in HS-SCCH blocking when UE monitors less than three HS-SCCHs, we propose  that a UE should monitor, in total, a maximum of 9 and 12 HS-SCCHs in 3 and 4-carrier HSDPA operation respectively. Furthermore, UE should be required to monitor a maximum of 4 HS-SCCH per carrier and an additional HS-SCCH on anchor carrier for enhanced serving cell change. This is a direct extension to the HS-SCCH monitoring requirement for DC-HSDPA UE.
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4 

Conclusions
It is shown that there is a significant increase in HS-SCCH blocking probability if the number of HS-SCCH monitored by a UE is equal to two or less.  On the other hand, monitoring three HS-SCCH per carrier provides acceptable performance in terms of HS-SCCH blocking, simultaneously providing some relaxation in UE complexity from monitoring too many HS-SCCHs in total. Thus, we propose that a 3 and 4-carrier UE should monitor in total a maximum of 9 and 12 HS-SCCHs across carriers respectively. Furthermore, the requirement to monitoring a maximum of 4 HS-SCCH per carrier and an additional HS-SCCH on anchor carrier for enhanced serving cell change should be kept as before. This is a direct extension to the HS-SCCH monitoring requirement for DC-HSDPA UE.

Proposal: UE in 3 and 4-carrier HSDPA operation shall monitor a maximum of 9 and 12 HS-SCCHs in total across carriers respectively, with a maximum of 4 HS-SCCH per carrier, plus one HS-SCCH on anchor carrier for enhanced serving cell change.  
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Figure 4: HS-SCCH blocking probability with 7 HS-SCCH configured





Figure 5: HS-SCCH blocking probability with 8 HS-SCCH configured





Figure 6: HS-SCCH blocking probability with 9 HS-SCCH configured





Figure 7: HS-SCCH blocking probability with 10 HS-SCCH configured





Figure 2: HS-SCCH blocking probability with 5 HS-SCCH configured





Figure 3: HS-SCCH blocking probability with 6 HS-SCCH configured





Figure 1: HS-SCCH blocking probability with 4 HS-SCCH configured








