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1 Introduction
RAN#46 initiated a work item on 4-carrier HSDPA operation [1]. The mapping of the related physical layer control information to physical control channels has been touched upon in our contributions [2]

 REF _Ref257883084 \r \h 
[3]

 REF _Ref257883113 \r \h 
[4]. In this contribution we elaborate further on this topic.
2 Discussion
In Rel-5 HSDPA the UE is served by a single serving HS-DSCH cell. In Rel-8 DC-HSDPA there is a secondary serving HS-DSCH cell in addition to the serving HS-DSCH cell, but only the serving HS-DSCH cell has a corresponding uplink frequency. In Rel-9 DC-HSUPA also the secondary serving HS-DSCH cell has a corresponding uplink frequency, i.e. there is a secondary uplink frequency beside the primary uplink frequency.
In 4C-HSDPA operation the UE is configured with up to 3 secondary serving HS-DSCH cells beside the serving HS-DSCH cell. We see some need for being able to distinguish between these secondary serving HS-DSCH cells. In earlier contributions we have suggested distinguishing between the different carriers like this:
· C0 is the primary downlink frequency. It carries the serving HS-DSCH cell in case the UE is configured with HSDPA. It is paired with the primary uplink frequency.

· C1 is the 1st secondary downlink frequency. It carries the 1st secondary serving HS-DSCH cell. It is paired with the secondary uplink frequency in case the UE is configured with DC-HSUPA.

· C2 is the 2nd secondary downlink frequency. It carries the 2nd secondary serving HS-DSCH cell. It cannot be paired with an uplink frequency in Rel-10.

· C3 is the 3rd secondary downlink frequency. It carries the 3rd secondary serving HS-DSCH cell. It cannot be paired with an uplink frequency in Rel-10.

Thus C0 and C1 correspond to the two downlink frequencies present in Rel-8/9 DC-HSPA, while C2 and C3 correspond to the additional downlink frequencies introduced in 4C-HSDPA.
It is up to RAN2 and RAN3 to decide whether the specifications for the higher layer signaling will express the equivalence between the secondary downlink frequency in Rel-8/9 DC-HSPA features and the 1st secondary downlink frequency in the 4C-HSDPA feature or use separate information elements. However, in the RAN1 specifications it seems reasonable to consider the 1st secondary serving HS-DSCH cell as identical to the already specified secondary serving HS-DSCH cell.
The state variables Secondary_Cell_Enabled and Secondary_Cell_Active introduced in the RAN1 specifications for Rel-8 DC-HSDPA take the values ‘0’ and ‘1’ rather than FALSE and TRUE. This value range was chosen intentionally in order to simplify an extension to more carriers by treating the values as bitmaps with one bit per carrier, i.e. [C3 C2 C1]. For example, Secondary_Cell_Active equal to ‘101’ would then mean that C3 is to be activated, C2 deactivated and C1 activated.

In the mapping table for the HS-SCCH orders related to carrier (de)activation, backwards compatibility will be retained in the sense that Rel-8/9 DC-HSPA related orders correspond to secondary downlink frequency C1 and its corresponding uplink frequency.

If 4C-HSDPA and DC-HSUPA are configured simultaneously, C0 and C1 will be in the same band, since the two uplink frequencies have to be adjacent. Also in case of Rel-8 DC-HSDPA and Rel-9 DC-HSDPA-MIMO, C0 and C1 will be in the same band, since the two downlink frequencies have to be adjacent. However, in case of Rel-9 DB-DC-HSDPA, C0 and C1 will be in different bands.
It can be argued that serving NodeB is likely to use HS-SCCH orders for carrier (de)activation in such a way that carriers in the same band are (de)activated simultaneously. Since the UE is likely to employ one radio receiver chain for each band, deactivation of carriers will yield most significant battery savings if all carriers in a band can be deactivated at the same time. Furthermore, there should be significant correlation between the channel quality indicators (CQIs) for downlink carriers within the same band.
These observations have led us to the conclusion that there is no significant need for complicated and error-prone schemes for dynamic remapping of HARQ-ACK and CQI info to HS-DPCCH based on carrier activation status. We prefer a more robust semi-static scheme that simply ensures that

· the uplink coverage for 4C-HSDPA with carriers C2 and C3 deactivated is on par with the uplink coverage for Rel-8/9 DC-HSPA, and
· the uplink coverage for 4C-HSDPA with carriers C1, C2 and C3 deactivated is on par with the uplink coverage for SC-HSDPA.
3 Conclusions
It is proposed to discuss the information mapping principles outlined in this contribution and to consider whether there is a need to communicate the RAN1 view to RAN2 and RAN3.
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