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1 Introduction
At RAN#43 a Work Item on Dual-Cell HSUPA (DC-HSUPA) was initiated. This contribution discusses the layout of the physical downlink control channels (related to the uplink). As starting point [1] is used.
2 Discussion
This section discusses the physical channel layout related to DC-HSUPA. As the allocation of data channels was agreed in [1] focus here is on the layout of control channel.
2.1 Downlink control signalling 

For what concerns the layout of the physical control channels related to DC-HSUPA following working assumptions was agreed in [1]:
· Uplink TPC commands, E-AGCH, E-RGCH and E-HICH information is duplicated. Whether the information for the secondary carrier should be transmitted on the primary or secondary carrier is FFS.
· There will be no new channel coding schemes or slot formats.
· Deactivation of the secondary serving HS-DSCH cell always results in that the secondary serving E-DCH cell is deactivated.

Together the first and second aspects suggest that the information associated with each carrier is transmitted on different physical channels. The third bullet implies that each secondary serving E-DCH cell always have a secondary serving HS-DSCH cell. Consequently, the theoretical possibility of having carrier contained downlink control signalling will always exist.
2.1.1 Aggregation of downlink control channels

With aggregated control channel signalling E-HICH, E-AGCH, E-RGCH and (F-)DPCH for both E-DCH cells are transmitted over one of the carriers (e.g. the primary E-DCH cell). As agreed in [1] there should neither be new channel coding nor new slot formats. This implies that the control channels must be code or time multiplexed. As noted in [2]
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[3], the main benefit of aggregating the control channels would be the possibility of reducing code consumption. However, when evaluating potential efficiency gains of aggregating the downlink related control signaling one should as noted in [4] consider the fact that these potential performance gains only exist if all legacy UEs are allocated to the same carrier. Thus, from a performance point of view the downlink code reduction could result in a significant performance loss. A second aspect that deserves to be highlighted is that if the secondary active set has one or more elements that is not part of the (primary) active set, E-HICH and E-RGCH must also be transmitted on the secondary carrier. Notice that such situations could occur, e.g., in heterogeneous network deployments where some of the NodeBs only support one of the carriers, or do not support DC-HSUPA operation, or when carriers experience varying propagation conditions.

2.1.2 Carrier-contained downlink control channels

The second alternative – herein referred to as carrier contained control channel signaling – is to duplicate the E-HICH, E-AGCH, E-RGCH, and (F-)DPCH on each HS-DSCH cell. Even though this type of solution could be disadvantageous in certain specific situations it is associated with the following benefits:

· It is a straightforward extension with minimal impact on the existing specifications (e.g., no need for new control channel design and less impact on RAN 4 work).
· Such a situation could be advantageous for heterogeneous network architectures and/or future releases supporting dual-band DC-HSUPA.
· It offers other working groups (e.g. WG RAN2) greater flexibility in their design (e.g. mobility management in RAN2). 
Based on the discussion presented in section 2.1.1 and section 2.1.2 the following is proposed.

Proposal 1: Carrier contained control signaling should be used for DC-HSUPA.
2.2 Uplink control signalling 

Concerning the layout of the uplink control channels the following was agreed at the 3GPP TSG RAN WG1 Meeting#56bis (see [1]):
· E-DPDCH, E-DPCCH and DPCCH are transmitted on each carrier. 
· It is FFS (dependent on whether there is one or two DL power control loops) whether a DPCCH slot format without TPC symbols (and without TFCI) should be introduced for the secondary carrier. It should be assumed that there is not any other new channel coding schemes or slot formats.
In [2] it was noted that if both (F-) DPCH(s) are transmitted on the same HS-DSCH cell it would be sufficient to transmit a single TPC command in the uplink. Thus the TPC bits associated with the secondary carrier would become redundant and they could, therefore, be reused for transmitting new information. Since a modification of the DPCCH slot format is unlikely to result in significant system level gains and the approach of having one F-DPCH coupled with one DPCCH (for each carrier) is straightforward from both testing and a standardization point of view the following is proposed.
Proposal 2: There should be two independent power control loops.
Proposal 3: No new channel coding or slot formats DPCCH slot format should be introduced. 

Finally it was also agreed that it will be possible to transmit HS-DPCCH only on the primary in [1]. The possibility to configure HS-DPCCH to be transmitted on two carriers was listed as FFS. As allowing HS-DPCCH to be transmitted on two carriers (in case of DC-HSUPA) would imply that different configurations are used depending on whether the secondary uplink is active and there does exists technical advantages from transmitting HS-DPCCH(s) on both carriers it is proposed that the HS-DPCCH only should be transmitted on the primary carrier.
Proposal 4: HS-DPCCH should be transmitted on the carrier respecting the duplex distance to the primary downlink carrier when DC-HSUPA is configured. 

3 Conclusions
This contribution discussed the downlink and uplink control signalling related to DC-HSUPA. Based on the discussion presented above the following proposals were made:

· Carrier contained control signaling should be used for DC-HSUPA. 
· There should be two independent power control loops, i.e. no new channel coding or slot formats should be introduced.
· No new DPCCH slot format should be introduced.

· HS-DPCCH should always be transmitted on the carrier respecting the duplex distance to the primary downlink carrier when DC-HSUPA is configured.

Together these proposals ensure minimal impact on the existing specifications (e.g., no need for new control channel design and less impact on RAN 4 work). Concurrently, any potential performance loss as compared using aggregated control signaling is negligible.
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