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1          Introduction

In 4C-HSDPA, non-adjacent carrier operation within a frequency band is possible [1] giving the flexibility that any secondary carriers can be activated or deactivated.  This flexibility allows the network to develop algorithms for energy saving [2] and load balancing.  This document further discusses this flexibility.

2          Discussion
A NB supporting MIMO, transmit diversity or multi carrier features will have more than one transmission chain.  Depending on the RBS implementation, each transmission chain may use a PA.  From the energy saving point of view, it is therefore attractive to minimise the number of simultaneous transmissions at the NB.  Hence, during periods of low inactivity, some of these transmission chains can be switched off to save energy [2].  In a 4C-HSDPA cell, the NB may schedule downlink traffic to one (the primary) or two carriers thereby allowing it to switch off the remaining carriers.
In a 4C-HSDPA network, some carriers may experience higher loading than the others.  Differences in loading causes differences in interference experienced in each carrier.  It is advantageous for a network to be able to perform fast load balancing by switching on additional carriers (for the cell or group of UEs) to spread the load over a larger number of carriers.  In some cases, the network may balance the load by deactivating some targeted carriers for a group of UEs, for example to reduce uplink interferences.
In the energy saving and load balancing scenarios, the HS-SCCH order can be used to quickly activate and deactivate secondary carriers.  Although HS-SCCH order is fast (being at layer 1), the NB needs to sequentially send HS-SCCH orders to each UE.  In a cell with lots of UEs, the amount of HS-SCCH orders can be large and may take some time to reach all the targeted UE, which may not be favourable in a load balancing situation where a quick activation/deactivation is required.  The NB can send several HS-SCCH orders in a TTI.  However, this may reduce the amount of code space left for other traffic, notably HS-PDSCH.  The rate of HS-SCCH order sent can be increased by sending HS-SCCH orders over different carriers.  This has the restriction that the NB cannot send orders over carriers that are deactivated.  This restriction can be removed if the UE can monitor HS-SCCH orders for carriers that are deactivated.

Proposal 1: The UE shall continue to monitor HS-SCCH orders even for carriers that are deactivated.

The UE needs only search for HS-SCCH orders for deactivated carriers (it can ignore HS-DPCCH) and hence the battery consumption should be minimal.  If the NB sends HS-SCCH order on a deactivated carrier, it will not send any other HS-SCCH order or HS-DPSCH channel on the other carriers. The NB therefore expects only one acknowledgement in this case.  Since only one acknowledgement is required, to avoid changing the HS-DPCCH format, the UE shall feedback ACKs for all its carriers in the HS-DPCCH  (even though nothing is received on its activated carriers).
Proposal 2: The UE shall send an ACK for all its activated carriers in a HS-DPCCH feedback if it receives a HS-SCCH order from a deactivated carrier.

3          Conclusion

In order to help the network perform fast changes to the cell for energy saving and load balancing, it is proposed that:
Proposal 1: The UE shall continue to monitor HS-SCCH orders even for carriers that are deactivated.

Proposal 2: The UE shall send an ACK for all its activated carriers in a HS-DPCCH feedback if it receives a HS-SCCH order from a deactivated carrier.
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