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1
Introduction

In 4C-HSDPA, one of the open issues to be resolved is the design of the HS-DPCCH channel. In this contribution, we examine the CQI configurations under three possible scenarios in 4C-HSDPA.
2
CQI Configuration in 4C-HSDPA
Scenario 1
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4. 

· All the 4 carriers are configured with MIMO.

· PCI/CQI information is reported for each carrier

· HS-DPCCH Design: 1xSF128

In this scenario, the CQI feedback is transmitted in a TDM fashion for each carrier. Since all the carriers are configured with MIMO, the CQI coding scheme uses the of Rel-7 single carrier CQI (20, 10) code. This configuration is an extension of the CQI configuration used in Rel-9 DC-MIMO. The minimum feedback cycle in this configuration is 2 (4ms). Figure 1 shows an illustration of this configuration.
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Figure 1: Block diagram representation of the CQI configuration when 4 MIMO carriers are activated.

Note that the PCI and the CQI information pertaining to a carrier are always send in the same CQI codeword and corresponds to that carrier. 
Scenario 2
· In this scenario, 2 DL carriers are activated and are denoted by C1 and C2. 

· HS-DPCCH Design: 1xSF128

In [1], it is stated in proposal 1, that the UE should use the legacy HS-DPCCH physical layer design (channel coding, spreading factor, modulation, CQI reporting) as specified in previous releases (Rel-5 through Rel-9). The reasons for this are also stated in the same document.

In the same vein, it is considered that the CQI configuration follow the legacy configuration. If both the carriers are configured with MIMO, then the CQI is transmitted in a TDM fashion with Rel-7 MIMO CQI encoding. If the 2 carriers are Non-MIMO, then the CQI information is encoded according to Rel-8 DC-HSDPA coding format and transmitted in a single 1xSF256 code. Figure 2 shows an illustration of this configuration where both the carriers are configured with MIMO.
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Figure 2: Block diagram representation of the CQI configuration when 2 MIMO carriers are activated.

Note that the PCI and the CQI information pertaining to a carrier are always send in the same CQI codeword and corresponds to that carrier. 
Scenario 3
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4. 

· All the 4 carriers are Non-MIMO.

· PCI/CQI information is reported for each carrier

· HS-DPCCH Design: 1xSF128

Under this scenario, we have a couple of CQI configuration schemes that merit consideration. They are given below.
Scheme 1

In this scheme, the CQI configuration is similar to that in Scenario 1. However, the encoding is based on the Rel-5 CQI codebook (20, 5). In this scheme, the feedback cycle remains 2 (4ms). This scheme offers a simple way to specify CQI configuration but may not be the most link efficient of schemes. An illustration of Scheme 1 under Scenario 3 is shown in Figure 3.
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Figure 3: Block diagram representation of the CQI configuration under Scheme 1when 4 Non-MIMO carriers are activated.

Scheme 2

In this scheme, the CQI configuration is based on grouping carriers C1 and C2 and jointly encoding the CQI information according to the Rel-8 DC-HSDPA codebook. Similarly, carriers C3 and C4 are grouped together and jointly encoded using the Rel-8 codebook. Additionally, the CQI for carriers C1 and C2 are repeated to cover both available slots. Similarly, the CQI for carriers C3 and C4 are also repeated. Figure 4 shows an illustration of this Scheme.

This scheme allows for the 3dB link efficiency gain due to the repetition. Although the beta factors used in the case of DC-HSDPA CQI encoding are 2dB higher, the gain due to repetition ensures that a gain of 1dB can still be obtained in Scheme 2 as compared with Scheme 1. 
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Figure 4: Block diagram representation of the CQI configuration under Scheme 2 when 4 Non-MIMO carriers are activated.

Although Scheme 2 is more link efficient when compared to Scheme 1, it is a bit more complicated since a different CQI configuration can potentially result from each combination of MIMO and non-MIMO carriers. As a result, the CQI configuration would change when one or more carriers are activated or deactivated. This design principle is what we consider to be a “flexible mapping” approach. 
Therefore, there is a need to determine guiding design principles for CQI design. One such principle may be to allow for flexible mapping only in situation where there a clear gain in terms of link efficiency that is 1dB or more. However, at this point, since such design principles have not been established we consider that the CQI configuration for Scenario 3 and other similar scenarios need further investigation.

5
Conclusions

In this contribution, HS-DPCCH CQI configurations were presented for three scenarios. In the case of Scenarios 1 and 2, a CQI configuration which follows similar principles that the ones specified in Rel-9 was proposed. However, in case of Scenario 3 and other similar scenarios where less than 4 MIMO carriers are activated whilst 3 or 4 carriers are configured, it is considered that further investigation is necessary to arrive at a final solution.
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