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Discussion
1. Introduction

At RAN1#64 meeting, the first version of TR of MP-HSDPA was approved [1]. Several candidate MP-HSDPA schemes are listed. In this contribution, we present some initial considerations on feedback mechanism for DF-DC and DF-4C candidate schemes.
2. Discussion
2.1 DF-DC and DF-4C Overview
The concepts of DF-DC and DF-4C schemes are as following:
· DF-DC Aggregation

Each of a pair of cells which are on the same or different frequency can simultaneously schedule a transport block to the UE. The two cells can belong to the same NodeB (Intra-NodeB) or non-colocated NodeB (Inter-NodeB).
· DF-4C Aggregation

On each frequency, each of a pair of cells can simultaneously schedule a transport block to the UE so that a maximum of four transport blocks can be scheduled to the UE during a TTI and the pair of cells can belong to the same NodeB (Intra-NodeB) or different NodeB (Inter-NodeB).

· DF-4C Switching

On each frequency, one out of two cells can schedule a transport block to the UE in the same frequency so that a maximum of two transport blocks can be scheduled to the UE during a TTI and the pair of cells belong to the same NodeB (Intra-NodeB).
2.2 Feedback mechanism consideration
2.2.1 DF-DC scheme
In [1], there is description on feedback mechanism as following:

· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI

· In the Inter-NodeB case, both cells decode the HS-DPCCH

For Intra-NodeB DF-DC aggregation scheme, there is only one HS-DPCCH transmitted to NodeB and NodeB shares the feedback information within the DF-DC cells.
However, it is complicated for Inter-NodeB DF-DC aggregation scheme. Basically there are two scenarios to be studied:
· Scenario 1: loading balancing
In figure 1, NodeB1 and NodeB2 both are DC-HSDPA capable with two cells on adjacent frequencies. A UE accesses in cell 3 and has cell 4 as its secondary serving cell for DC-HSDPA operation, and cell 1 is in UE’s active set. If UE moves from NodeB2 toward NodeB1, it is possible for network to configure the UE to DF-DC operation (cell 3 and cell2) if cell 1 and cell 4 is heavily loaded and cell 2 is lightly loaded. 
In this case, RNC could indicate NodeB1 to decode the HS-DPCCH on frequency 1 for the UE, so that cell 2 can get the feedback information from cell 1, since cell 1 and cell 2 share the same scheduler. It is noted that HS-DPCCH structure for DC-HSDPA could be reused for DF-DC scheme.
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Figure 1: loading balancing between f1 and f2 on NodeB1
· Scenario 2: boundaries of hot spots
For the left figure in figure 2, NodeB1 is DC-HSDPA capable with two cells on adjacent frequencies and NodeB2 is capable with one cell on a single frequency. The UE accesses in cell 3 initially. If it moves from NodeB2 toward NodeB1, it is possible for network to configure the UE to DF-DC operation (cell 3 and cell 1) in case cell 2 is heavily loaded. 

In this case, RNC could indicate NodeB1 to decode the HS-DPCCH on frequency 2 for the UE, so that cell 1 will get the feedback information from cell 2. It is noted that HS-DPCCH structure for DC-HSDPA could be reused for DF-DC scheme.
For the right figure in figure 2, two cases are studied:
If the UE accesses in cell 1 and has cell 2 as its secondary serving cell for DC-HSDPA operation. In this case, according to current protocol, only frequency f1 maintains active set and no active set for secondary frequency f2. Therefore, there is no radio link on cell 3 for the UE. When the UE moves from NodeB1 toward NodeB2, it is not possible for network to configure the UE in DF-DC operation, and, instead there will be a hard handover from cell 1 to cell 3 in traditional procedure. However, situation is different if the UE is configured with DC-HSUPA operation. Since cell 3 could be in the active set of secondary frequency f2, the radio link is already established on cell 3. In case HS-DPCCH can be transmitted on frequency f2, it is possible for network to configure the UE in DF-DC operation (cell 1 and cell 3) since NodeB2 can obtain the corresponding scheduling information. This requests the UE to have higher capability and change of current HS-DPCCH transmission scheme. Hence, this scenario is considered as limited scenario and need to have further study. 
If the UE accesses in cell 2 and has cell 1 as its secondary serving cell for DC-HSDPA operation. When the UE moves from NodeB1 toward NodeB2, it is possible for network to configure the UE in either DF-DC operation (ell 3 and cell 1) or SF-DC operation (cell 2 and cell 3) technically. Even though, for the sake of DF-DC operation if cell 2 is heavily loaded, serving cell change from cell 2 to cell 3 shall be performed first.
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Figure 2: boundaries of hot spots
2.2.2 DF-4C scheme
According to [1], there are DF-4C aggregation and switching schemes. On each frequency, the pair of cells can belong to the same NodeB or different NodeBs, which are shown in figure 3 and figure 4.

For Intra-NodeB DF-4C schemes, since all of serving cells are in the same NodeB with a single scheduler, it is possible to use a joint HS-DPCCH, which is similar to HS-DPCCH structure for 4C-HSDPA in Rel-10.
For Inter-NodeB DF-4C schemes, RNC could indicate both NodeBs to decode the HS-DPCCH on frequency 1 or frequency 2 for the UE.
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Figure 3: Intra-NodeB and Inter-NodeB DF-4C aggregation
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Figure 4: Intra-NodeB and Inter-NodeB DF-4C switching
3. Conclusion
In this contribution we provide some initial considerations about feedback mechanism for DF-DC and DF-4C schemes.
In summary, for Intra-NodeB DF-DC aggregation scheme, it is feasible to use DF-DC operation without many changes, since NodeB shall share the feedback information on the single HS-DPCCH transmitted within the DF-DC cells. Furthermore, for Inter-NodeB DF-DC aggregation scheme, some scenarios, e.g. boundaries of hot spots, shall need NodeBs and UEs to support higher capabilities and new features. For the scenarios that can use either SF-DC or DF-DC operations, we may need to further study the benefits and motivations of different scheduling strategies.

For Intra-NodeB DF-4C schemes, NodeB can also share the feedback information on the single HS-DPCCH transmitted within the DF-4C cells. For Inter-NodeB DF-4C schemes, RNC could indicate NodeBs to decode the HS-DPCCH on the same frequency.
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