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1 Introduction
CQI report transmission is important to support scheduling and MIMO scheme in downlink. Correct and detailed CQI reporting improves downlink performance. However, since it costs uplink resource to transmit, the CQI reporting scheme needs to be designed considering uplink signaling overhead as well as downlink performance. In this document, we discuss about how to transmit CQI report efficiently and investigate CQI report scheme using PUSCH to reduce signaling overhead.
2 CQI report transmission using PUSCH resource
In the previous RAN1 #49 Kobe meeting, it was identified that following types of CQI may be required in LTE downlink.
· Wideband CQI report: up to 5 bits (assuming SIMO)

· Multi-band CQI report: equivalent resolution up to 5 bits per sub-band (assuming SIMO)

· CQI reports for applicable MIMO schemes

· Combination of the above types of CQI reporting is FFS

· Overhead is added, e.g. from compression schemes or due to combination of different CQI reports
Even though the exact number of bits for CQI report has not been decided, it is expected that about 20~30 bits are required for multi-band CQI report and MIMO related CQI report respectively. 

With PUCCH structure agreed in RAN1 #49 meeting, 10 symbols can be transmitted in one sub-frame. If the coding scheme similar to HSDPA is used, 5 information bits can be included. Thus, it seems difficult to transmit multi-band CQI or MIMO related CQI report in one PUCCH sub-frame. As a solution, it is possible to use multiple consecutive sub-frames. For example, assuming CQI bits = 50 bits, 4 sub-frames are needed with 2/3, QPSK and 7~8 sub-frames with 1/3 QPSK. One concern is that this approach may result in inefficiency in PUCCH utilization. If CQI report is configured with a very short period, e.g. 5ms or 10ms, UE should transmit PUCCH almost every sub-frame. The high frequency of using PUCCH will increase the waste of PUCCH because it cannot be used in case of uplink data transmission. Therefore, it would be better to minimize the CQI report transmission using multiple consecutive sub-frames.

Another alternative would be that UE transmits a certain type of CQI reporting only when UE transmits the uplink data using PUSCH resource. One condition for it is that there should be uplink data transmission when CQI reporting is needed. It is a highly probable situation in service based on TCP because uplink data transmission is always required to transmit TCP ACK as a response for the downlink TCP traffic [1]. 

Figure 1 illustrates an example of proposed CQI reporting operation. We can define two different CQI periods for PUSCH and PUCCH respectively.  In every Nth TTI, UE transmits CQI report using PUCCH which is preconfigured by higher layer signaling. In every Mth TTI, UE transmits CQI reports using PUSCH.  But if PUSCH resource is not scheduled at the transmission timing, UE would not transmit CQI reporting. 
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Figure 1. Example of CQI reporting
There are two possible solutions to transmit CQI report using PUSCH as follows. 
· In-band signaling: CQI report is included in MAC PDU. It is flexible to support variable type of CQI reporting. And eNodB can know whether or not the CQI is reliable because it is protected by CRC. However, HARQ retransmission results in CQI reporting delay. In addition, it is difficult to control the CQI reliability separately because it is jointly coded with data. Considering CQI error requirement can be larger than 1% FER, uplink resource might be wasted if the residual BLER of uplink data transmission is less than 1%.
· Out-of-band signaling: CQI report is time-domain multiplexed prior to DFT precoder as the normal data-non associated control signaling is transmitted. Since it is separately coded with data transmission, the reliability and delay can be controlled for the CQI reporting itself. However, it is noted that it is not flexible to support variable CQI reporting formats and the impact of the puncturing should be considered if the large size of CQI is transmitted. 
3 Conclusion

In addition to the CQI reporting using the PUCCH, we would prefer to allow configuring a certain type of CQI reporting to be transmitted only when UE transmits the uplink data using PUSCH resource. It is further discussed which scheme is preferable between in-band signaling or out-of-band signaling. 
[1] R2-071901, “CQI handling during DRX”, Samsung, RAN2 #58
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