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1
Introduction

In this paper, we provide our views on support of CQI/PMI feedback in PUSCH without UL-SCH data in LTE Rel-10.

2
Discussion

2.1

CQI Only Transmission in LTE Rel-8
In LTE Rel-8, only DCI format 0 supports aperiodic CQI request without scheduling data on UL-SCH when the following conditions are met:

· IMCS = 29

· “CQI request bit” in DCI format 0 is set to 1

· NPRB ≤ 4

When the above conditions are met, the UE knows that there is no transport block for the UL-SCH and only the CQI/PMI feedback for the current PUSCH reporting mode is to be transmitted on PUSCH with QPSK modulation (Qm=2) and NPRB resource blocks. 
2.2

CQI Only Transmission in LTE Rel-10
In LTE Rel-10, there are several scenarios where larger aperiodic CQI/PMI feedback payloads are beneficial, e.g. for better support of advance DL MIMO operation and carrier aggregation. In order to support larger payloads when reporting CQI only in PUSCH, it is necessary to allow either higher modulation order, or larger transmission bandwidth, or spatial multiplexing. In this section, we provide our proposals regarding this topic.

2.2.1


Support via DCI Format 0
 The followings are proposed to enable CQI only transmission in PUSCH by DCI format 0 for large CQI payload: 

· CQI only transmission conditions (changes relative to Rel-8 are shown in red):

· IMCS = 29 or 31
· “CQI request bit” in DCI format 0 is set to 1

· NPRB ≤ X
· when multi-carrier report is supported and UL system bandwidth is greater than 5MHz, X=8

· Otherwise, X=4 

When IMCS is set to 29, CQI only PUSCH will employ QPSK modulation (Qm=2). Otherwise, when IMCS is set to 31, CQI only PUSCH will use 16QAM modulation (Qm=4).

The regular rvidx sequence is {0, 2, 3, 1}.  Since rvidx=1, 3 are expected to be used the least often, we proposed to use IMCS = 29, 31 values for CQI-only indication. 

Note that with assuming that support of Rel-10 PUSCH feedback mode 3-1 or 3-2 requires up to twice the number of bits compared to the Rel-8 equivalent, the proposed NPRB range increase should be sufficient.  The proposed modulation order increase allows for more efficient BW utilization in high UL SNR cases.  Support of simultaneous report for PCC and one or more SCCs is also needed and can be supported with the proposal; although simultaneous CQI-only reporting of more than 2CCs may not be effectively supported in very low UL SNR conditions.   

2.2.2

Support via DCI Format 4

There will be a new DCI format, i.e. DCI format 4, in LTE Rel-10 to support UL MIMO operation [1]. Our views are that it would be beneficial to support MIMO transmission for CQI only PUSCH. In order to achieve this, the followings are proposed:

· In case of rank-1 transmission, CQI only transmission conditions are:

·  IMCS,1 = 29 or 31
· “CQI request bit” in DCI format 0 is set to 1

· NPRB ≤ Y
· Y=8, when multi-carrier report is supported and UL system bandwidth is greater than 5MHz
· Y=4, otherwise
· when the above conditions are met, CQI only PUSCH of rank=1 will be sent with the corresponding precoding vector (in [1], specified by IMCS,2) and QPSK/16QAM modulation when IMCS,1=29/31

· In case of rank>1 transmission, CQI only transmission conditions are:

· IMCS,1 = 29
· IMCS,2 = 29
· “CQI request bit” in DCI format 0 is set to 1

· NPRB ≤ 4
· when the above conditions are met, CQI only PUSCH of rank>1 will be sent with the corresponding precoding matrix specified by the grant and QPSK modulation on all layers

· CQI is put on all layers of both codewords, i.e. CQI is treated the same as data on UL-SCH

3
Conclusions 

In this paper, we have provided our designs to support CQI only PUSCH transmission in LTE Rel-10. Our views can be summarized as follows:

· support 16QAM for CQI only PUSCH transmission of rank-1

· allow larger bandwidth allocation (up to 8RBs) for CQI only transmission in case of supporting multi-carrier aperiodic CQI report and UL system bandwidth is greater than 5MHz

· support rank-1 beamforming and rank>1 spatial multiplexing for CQI only PUSCH transmission

· allow both DCI format 0 and DCI format 4 to trigger CQI only PUSCH transmission
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