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1 Introduction

At the previous RAN1 meeting in Shanghai, [1] was endorsed, adopting three types of CQI feedback on the PUSCH for single-codeword transmission. Figure 1 illustrates these feedback types
. For multi codeword transmission the CQI feedback and the feedback of transmission rank and PMI are still left to be specified. Also, the feedback on the PUCCH needs additional specification.
In this contribution we propose a simple and straightforward extension of the agreed PUSCH feedback structure incorporating the above MIMO-attributes (Section 2) and we re-iterate our proposal [2] for the CQI/MIMO feedback on the PUCCH (Section 3). 

[image: image1.emf] 

wideband  feedback       UE selected  subbands feedback   eNode - B  configured  subbands  feedback  

CQI WB  

CQI label  

CQI WB  

label to ' M  best bands'   CQI 1  

CQI 2  

CQI 3  

CQI 4  

CQI 5  

CQI 6  

CQI N - 1  

CQI N  

CQI 7  

CQI 8  

CQI WB  


Figure 1: Structure of endorsed PUSCH-based types of CQI feedback for single codeword transmission [1].
2 PUSCH feedback structure for multi-code word transmission
We propose the feedback structure as illustrated in Figure 2. It is a generalization of the endorsed structure in Figure 1 and the principle for PMI reporting in all three feedback modes is that for each reported CQI, we add a PMI which is valid for the same sub bands the reported CQIs are valid for. Hence, it is a simple extension of the CQI reporting mechanism.

The basic component is thus the channel feedback indicator (CFI), consisting of a precoding matrix indicator (PMI) and one or two channel quality indicators (CQI) (one per codeword). One CFI represents, through its CQI- and PMI-bits, the channel state in a single subband or in a set of subbands.

The three different feedback types illustrated in Figure 2 are the following:
Wideband feedback: The feedback message contains a rank indicator and one CFI. The CFI indicates the preferred PMI and the associated CQI for each codeword (assuming transmission on all subbands).
UE-selected subbands feedback: The feedback message contains a rank indicator, a (compressed) subband label and two CFIs. The rank indicator indicates the preferred transmission rank and the CQI-label indicates the preferred set of subbands. The first CFI indicates the (single) preferred PMI on the subbands indicated by the CQI-label and the associated average CQI for each codeword (assuming transmission on all the subbands indicated in the CQI-label). The second CFI indicates the preferred PMI and the associated CQI for each codeword assuming transmission on all subbands.

eNodeB configured subbands feedback: The feedback message contains a rank indicator and multiple CFIs. The rank indicator indicates the preferred transmission rank and each CFI indicates the preferred PMI for one subband in the set of available subbands (as configured by the eNodeB), along with the associated CQI for each codeword in that subband (assuming transmission on all the available subbands, as configured by the eNodeB).
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Figure 2: Structure of  proposed PUSCH-based types of CQI feedback for multi-codeword transmission.
Table 1: Characteristics of the PUSCH feedback messages

	
	wideband
	UE selected subbands 
	eNodeB configured subands

	Feedback message contents and size
	1 rank indicator (2 bits) 

and 

1 CFI (~8-12 bits) 
	1 rank indicator (2 bits)

and

a compressed subband-label (12-18 bits)

and

2 CFIs (~8-12 bits each) 

	1 rank indicator (2 bits)

and

multiple CFIs (~8-12 bits each) 



Table 1 lists the contents and the sizes of the components in the PUSCH feedback message. The size of a CFI is 8-12 bits (depending on the number of codewords). The PMI represents the precoding matrix for 2 or 4 TX antenna ports with 3 or 4 bits, and  the CQI represents the channel quality for 1 or 2 codewords with 5 or 8 bits, respectively. 
3 PUCCH feedback structure

For the feedback on the PUCCH, we repeat here our proposal from [2]. The feedback structure is illustrated in Figure 3.
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Figure 3: PUCCH-based CQI feedback.
The PUCCH feedback is periodic in nature and carries one single codeword CFI thus implicitly assuming transmit diversity or single layer (implicit rank-1) spatial multiplexing. A 1-bit multiplexing indicator (MI) is also included which indicates whether higher rank transmission would be beneficial or not. The eNodeB configures which subband(s) the CFI represents.
Every PUCCH CQI-message is self-contained and there is no subframe concatenation of CQI-messages for the purpose of frequency-selective scheduling. A PUCCH message may however be repeated in order to improve coverage (FFS).
Through configuration of the represented frequency bands, the eNodeB can accomplish some variations in the feedback structure to suit particular channel characteristics. One typical configuration is the CFI representing the whole system's bandwidth.
The assumption of rank-1 transmission is practically necessary since the 20 physical bit size of the message does not, if reasonable code rates are to be used, allow the reporting of higher rank transmission without delay-sensitive message concatenation over several subframes. As a consequence, the given feedback structure, implicitly assuming rank-1 feedback, also transparently supports multiuser-MIMO feedback with a single PMI. Hence full MU-MIMO feedback can be reported using PUCCH only, which is beneficial in high load cells (where MU-MIMO has the largest gain). 
The 1-bit multiplexing indicator (MI) indicates in general whether higher rank transmission to the UE is possible or not. It is effectively an indication to what extent transmission of an aperiodic (scheduled) feedback message on the PUSCH will improve the DL performance. In a typical cell some users may have more benefit from detailed channel feedback than others and the MI guides the base station pointing out which users. The MI thus indicates to the eNB scheduler whether multiple codeword transmission is beneficial for a UE or not and thus unnecessary use of the uplink for transmitting PUSCH feedback can be avoided.

4 Summary
In this document we have outlined a simple and effective extension of the agreed CQI reporting methods on PUSCH to also include MIMO feedback such as rank and PMI. We also discuss the content on PUCCH. 
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� CQIWB denotes the wideband-channel quality and CQIlabel denotes the channel quality in the subbands represented in the label.
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