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1 Introduction
A number of different methods for configuring and applying CQI feedback were discussed in [2] 

 REF _Ref260300848 \n \h 
 \* MERGEFORMAT [3] 

 REF _Ref260300849 \n \h 
 \* MERGEFORMAT [4] at RAN1-60bis; some companies proposed to configure CQI feedback parameters individually pre carrier, while others proposed to have common CQI feedback parameters for all DL carriers.   

It was agreed to study the CQI feedback design until RAN1#61 [5]. This contribution discusses various considerations for UE CQI feedback design for 4-carrier HSDPA.
2 Discussion
The CQI reporting procedure defines a CQI transmission pattern on a per TTI basis according to two parameters: (1) a CQI feedback cycle parameter, k, and (2) a CQI repetition factor parameter, N_cqi_transmit.  Both of these parameters are configured by higher layers and signaled to the physical layer in the UE and the Node B.  
In Rel-8/9 DC-HSDPA operation, the UE CQI feedback parameter configuration is the same for all DL carriers. In the case of 4-carrier HSDPA operation, it may be beneficial to configure non-common CQI feedback parameters. 
2.1 CQI Feedback Parameter Configuration

As part of 4-carrier HSDPA operation in R10, carriers may be configured in different bands having significant frequency separation. In this case, the channel coherence time of the two configured bands may be different.  As a result, it could be beneficial to allow for different CQI feedback cycles and possibly different CQI repetition factors.  Compared with R9 Dual-Band DC-HSDPA, additional motivation for specifying per-carrier or per-band CQI feedback parameters comes from the reduction in the amount of UL channel feedback that must be conveyed for 4-carrier HSDPA.   
In addition, non-common CQI feedback parameter configuration may be desired for carriers having different transmission modes.  For example, a carrier in one band could be configured for MIMO operation along with a shorter CQI feedback cycle, while another carrier could be configured for non-MIMO operation, where a larger value could be configured for the CQI feedback cycle.
Note that further discussion is required in order to determine if CQI feedback parameters should be configured individually per carrier or per group (e.g. per-band or per-feedback channel).  From a specification standpoint, it seems simpler to define per-carrier parameters as it would eliminate the need to specify the concept of carrier groups. The per-carrier parameter setting would allow the network full flexibility to configure carriers on a group or band basis, if necessary.  
Proposal 1: Allow for non-common CQI feedback parameter configuration for 4C-HSDPA.

2.2 Feasibility Analysis of Non-Common CQI Feedback Parameter Configuration

In this section, we discuss the feasibility of non-common CQI feedback parameter configuration and show how it can be easily applied to typical scenarios that were presented in [3] at RAN1-60bis. As described in the previous section, non-common CQI feedback parameter configuration may be realized on a per-band or a per-carrier basis. 

Note that careful setting of CQI feedback cycle and CQI feedback repetition parameters is necessary in order to avoid any overlap in the CQI transmission for different carriers.  It is believed however that this is under control of the RNC and that any overlap can be avoided through careful parameter configuration.  

Scenario 1, as described in [3]
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4. 

· HS-DPCCH Design: 1xSF128
· All the 4 carriers are configured with MIMO.

· PCI/CQI information is reported for each carrier

· 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.
An example representation of the CQI feedback pattern for Scenario 1 is shown in Figure 1, where C1 and C2 are configured with a CQI feedback cycle of 4 ms and C3 and C4 are configured with a CQI feedback cycle of 8 ms.  All carriers have a CQI feedback repetition of 1.  
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Figure 1 - Example representation of CQI feedback pattern for Scenario 1 with per-carrier feedback configuration

Scenario 3, as described in [3]
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4. 
· HS-DPCCH Design: 1xSF128

· All the 4 carriers are Non-MIMO.

· PCI/CQI information is reported for each carrier
As part of this scenario, two schemes were presented for mapping CQI information to HS-DPCCH: scheme 1 where the CQI configuration is similar to that in Scenario 1 and scheme 2, where 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.  
An example representation of the CQI feedback pattern for Scenario 3 scheme 1 is shown in Figure 2, where C1 and C2 are configured with a CQI feedback cycle of 4 ms and C3 and C4 are configured with a CQI feedback cycle of 8 ms.  All carriers have a CQI feedback repetition of 1.  
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Figure 2 - Example representation of CQI feedback pattern for Scenario 3 (scheme 1) with per-carrier feedback configuration
An example representation of the CQI feedback pattern for Scenario 3 scheme 2 is shown in Figure 3, where again C1 and C2 are configured with a CQI feedback cycle of 4 ms and C3 and C4 are configured with a CQI feedback cycle of 8 ms.  All carriers have a CQI feedback repetition of 1.  
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Figure 3 - Example representation of CQI feedback pattern for Scenario 3 (scheme 2) with per-carrier feedback configuration
3 Conclusion

This paper discusses various considerations on the CQI feedback parameter configuration for 4-carrier HSDPA, we propose to:
Proposal 1: Allow non-common CQI feedback parameter configuration for 4C-HSDPA.
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