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1 Introduction

In RAN1#68 bis and RAN1#69, a few contributions on the design choices of HS-DPCCH were presented [1]-[5].  Mainly two design options seems favourable, one is using time multiplexed  CQI/PCI/RI and the other conveying CQI/PCI/RI in one subframe.  Even though there was no formal agreement on the exact HS-DPCCH structure for four branch MIMO, in the previous meeting, there was a discussion on how many types of CQI report should an UE support for four branch MIMO.  In our opinion, similar to Release 7 MIMO, four branch MIMO should support two types of reports. We feel that same structure should be preserved for four branch MIMO system. 
In this contribution, we evaluate few design options for CQI reporting types for four branch MIMO systems.
2 Types of CQI Reporting in Release 7 MIMO
The HS-DPCCH in Release 7 MIMO is as shown in Figure 1. As well-known, the HS-DPCCH sub-frame structure consists of 1 slot for HARQ-ACK transmissions and 2 slots for CQI/PCI transmissions.  
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Figure 1: Illustration of the HS-DPCCH slot format.

In Release 7 MIMO, two different types of CQI formats are possible:
Type A Reporting:

In this report UE conveys information about the preferred number of streams,CQI and PCI corresponding tot hat preferred number of streams.  In this type of report CQI/PCI  8 information are used to describe the CQI information and 2 bits are used to describe the PCI information. The resulting composite CQI/PCI report is encoded with a (20,10) or (20,7) block code. 
Type B Reporting:
In this report UE conveys information about single stream CQIs. This type of CQI can help the Node B scheduler whenever the UE reports dual stream CQI, but only single stream transmissions can be scheduled.  In this case 5 bits are used to describe CQI and 2 bits are used to describe PCI. Hence in total 7 bits are encoded with a (20,7) block code. 

The network can set different reporting intervals between Type A and Type B. The parameter N_cqi_typeA/M_cqi ={1/2,2/3,3/4,4/5,5/6,6/7, 7/8, 8/9, 9/10,1/1} is signalled via RRC from the RNC. This describes the ratio of CQI/PCI reports that are of Type A.  
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Figure 2 Switching between Type A and Type B reports. Note that RRC signals the exact reporting periods for each.
3 CQI Reporting Types for Four branch MIMO System
For four branch MIMO System, we would like to keep the existing types of CQI reports. 

Proposal 1: We would like to keep two reports similar to Release 7 MIMO. 

The definitions of Type A and Type B differ compared to that of Release 7 MIMO.
Type A Reporting:

Similar to Type A report in Release 7 MIMO, in this report UE reports preferred transport blocks up to 4 (Rank information = 4) according to the current channel conditions. CQI and PCI value corresponding to this preferred rank information is also reported.  Note that in this case rank information up to 4 is possible.

Type B Reporting:

There are many design choices are available for Type B reporting.
Option 1: CQI reports that indicate the supported transport format for a single transmitted transport block according to the current channel conditions assuming that the preferred precoding matrix as indicated by the PCI value signalled in the same HS-DPCCH sub-frame would be applied at the Node-B for the primary transport block and that no second, third, and fourth transport blocks are transmitted. Hence in this case only Rank 1 is allowed.

Option 2:  CQI reports that indicate the supported transport format for two transmitted transport block according to the current channel conditions assuming that the preferred precoding matrix as indicated by the PCI value signalled in the same HS-DPCCH sub-frame would be applied at the Node-B for the primary and the second transport block and that no third, and fourth transport blocks are transmitted. Hence in this case only Rank 2 is allowed.

Option 3: CQI reports that indicate the supported transport format for either single or two transmitted transport block according to the current channel conditions assuming that the preferred precoding matrix as indicated by the PCI value signalled in the same HS-DPCCH sub-frame would be applied at the Node-B for the primary and the second transport block and that no third, and fourth transport blocks are transmitted in the case when UE reports Rank 2 and precoding is applied only to the primary transport block when UE reports rank 1. 

Option 4: In this UE has to report CQI/PCI based on the rank which is one less than the rank reported in previous or last reported Type A report. 

Option 5: In this case, Node B can configure UE to report certain rank. For example Node B can send signaling through downlink feedback channel (HS-SCCH orders) to report a desired rank in Type B report.  Note that, in this case by default Type B report can be in any of the Options 1-4 and then the higher order signal can change the rank reported in Type B.
Among all these options for Type B, we prefer Option 5 because it gives flexibility at the Node B scheduler to assign any rank for the UE. For example it is common to Node B scheduler to have limited resources (channelization codes/power) for scheduling the UE with its desired rank information (Type A report).  

Application : Lets say if the UE is reporting 4 and its slow moving UE, hence rank does not change with time for many TTIs as shown in Figure 4. Assume that Node B has not enough resources to schedule the UE with Rank = 4, but it has enough resources with lower rank say rank = 2, then one solution is to ask the UE to send the CQI report based on Rank = 2. 
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Figure 4 Rank information for a 4X4 MIMO UE as a function of number of TTIs for PA3 channel
Hence we propose to have Type B report with Option 5. 
Proposal 2: We prefer Option 5.

Proposal 3: Default reporting for Type B is Option 1. 

4 Summary and conclusions

In this contribution, we list some of the design options for CQI reporting types for  4 branch MIMO system with 2 HARQ processes. The main objective of these design options is to reuse the existing reporting types. We outline few design options for Type B reporting.  
We summarize our proposals as:
Proposal 1: We would like to keep two reports similar to Release 7 MIMO. 

Proposal 2: We prefer Option 5.

Proposal 3: Default reporting for Type B is Option 1. 
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