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1. Introduction 
In [1] the HS-DSCH packet blocking probability was investigated for different numbers of monitored HS-SCCHs per UE per carrier. This is the probability that a scheduled packet cannot be sent because there is no available control channel.
In principle the total number of monitored HS-SCCH codes could be limited to the current value of 4
, with some accompanying increase in blocking probability (but typically remaining below 20% even in the most extreme cases). 

The significance of the identified increase in blocking probability is unclear, but in this paper we consider how the blocking probability could be kept low even in spite of limiting the total number of monitored HS-SCCH codes to the current value of 4 1. 

2. Analysis of blocking probability
The analysis in [1] assumed that each HS-SCCH can only signal HS-DSCH packets transmitted on the same carrier. However, this means that a packet may be unable to be scheduled to a UE due to HS-SCCH blocking on one carrier, even though one of the monitored HS-SCCHs on the other carrier is available. 

One means to reduce the probability of HS-SCCH blocking therefore is to allow each HS-SCCH to signal HS-DSCH packets on either carrier. 
In Figure 1 and Figure 2, we show the blocking probability as a function of offered load in the same scenarios as presented in [1], for the following cases:

i) Each UE monitors a total of 4 HS-SCCHs (2 on each carrier), therefore two of the HS-SCCHs can only signal packets on the anchor carrier and the other two can only signal packets on the supplementary carrier;

ii) Each UE monitors a total of 4 HS-SCCHs (which could be on either carrier), each of which can signal packets on either 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
It can be seen that the blocking probability is significantly reduced in case (ii), indeed to a level similar to that of monitoring a total of 8 HS-SCCHs where each HS-SCCH can only signal packets on one or other carrier. 
3. HS-SCCH design

In principle, each HS-SCCH can relate to one or other carrier either semi-statically (i.e. an HS-SCCH is assigned to a carrier at the time of being configured) or dynamically (i.e. an HS-SCCH indicates in each subframe the carrier to which it relates). 
As explained in [2], semi-static assignment of HS-SCCHs to carriers can have some advantages in flexibility of code allocation, especially on the anchor carrier where more other channels have to be supported. The ability to map some HS-SCCHs to the other carrier can help to maximise the number of SF16 codes available for HS-DSCH transmission, as shown in Figure 1. 
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Figure 3: DL code allocations for dual-cell HSDPA

However, such a semi-static association between HS-SCCHs and carriers only alleviates the code allocation problem. In order to address the blocking probability, dynamic association between HS-SCCHs and carriers is required. Dynamic association achieves the code allocation benefits outlined above in addition to reducing the blocking probability. 

A straightforward method to indicate the HS-DSCH carrier dynamically could be to re-use one bit of the CCS field of the HS-SCCH part 1. This is possible because in general multi-code transmission to a given UE would be preferred over multi-carrier transmission. Consequently, for UEs configured for multi-cell operation, the need to signal small numbers of HS-DSCH codes with wide flexibility is likely to be reduced. 
For example, the set of HS-DSCH numbers of codes and starting code offsets shown in Figure 2 could be signalled with 6 CCS bits:
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Figure 4: 6-bit CCS signalling for larger HS-DSCH code allocations

In case of dual-cell HSDPA being used in conjunction with 64QAM configuration, a similar approach can be taken, with the following HS-DSCH allocations being signalled by an odd-numbered HS-SCCH using 5 CCS bits:
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and the following HS-DSCH allocations being signalled by an even-numbered HS-SCCH using 5 CCS bits:
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4. Conclusions

The limited effect of maintaining the total number of monitored HS-SCCH codes at 4 for dual-cell operation has been demonstrated. 

If it is desired to reduce the blocking probability from this level, it seems feasible to use Part 1 of the HS-SCCH to indicate dynamically the identity of the associated HS-DSCH carrier. This could be achieved using one bit from the CCS field. 
Dynamic indication of the carrier could increase flexibility of code allocation and reduce blocking probability.
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Configuration of another HS-SCCH  prevents HS-DSCH transmission on the corresponding SF16 code. 



If this HS-SCCH can instead be carried on another carrier frequency, the SF16 code can be released for HS-DSCH transmission. 












