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1 Introduction
In the SID of enhanced uplink transmission for LTE in Rel. 11 [1], one of the topics is related with UCI on PUSCH enhancement 
· Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
In this contribution, we will present our views on the potential aspects for UCI enhancement on PUSCH.
2 Discussions on UCI resource allocation
It is known that UCI overhead has significantly increased due to multiple downlink component carrier CSI reports on one uplink component carrier. The allocated resource for CQI per layer is determined by 
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It can be observed that the required coded symbols for UCI is computed based on the total resource allocated for both PUSCH and UCI. In another words, the mentioned total resource must account for the resources needed by UCI. Therefore this procedure may be iterative and it may not converge when the UCI occupies a significant proportion of the scheduled resource [2].
In addition, from the scheduling perspective, the link adaptation for PUSCH and UCI should be considered together. The objective is to ensure the reliability of the CQI transmission without significantly reducing PUSCH throughput. With the current approach defined by Eq. (1), the optimal performance for both channels cannot be achieved all the time.
Besides an equation different from equation (1) as proposed in [2], other solutions such as UCI and PUSCH on separate MIMO layers were also proposed during Rel-10 [3]. Since the CQI payload size may increase further due to feedback enhancements for MU-MIMO and/or CoMP, the following is proposed:
 Proposal 1: For large CQI payload, the CQI resource determination should be further investigated.
3 Discussions on multi-rank and 16QAM UCI-only transmission
UCI-only transmission with rank 2 and 16QAM is a remaining issue in Rel. 10 and will be revisited in Rel. 11. For multiple layers transmission, unlike 16QAM, no additional signaling is required since the PMI field can indicate a rank of 1 or 2. Furthermore, the impact from puncturing CQI RE resources is the same for both ranks. Therefore, the preferable scheme is to adopt multi-layer transmission. There are two options for multi-layer transmission.
· Option 1 is to extend UCI to two CWs and CQI/PMI and HARQ-ACK/RI can be multiplexed on both CWs.
· Option 2 is to maintain one CW for UCI, but extend one CW mapping to multiple layers. 
In option 1, CQI/PMI is transmitted on two CWs to utilize the UL-MIMO multi-layer channel capacity with codeword-to-layer mapping scheme for UL-SCH. However, the CQI/PMI information is segmented into two information blocks and coded to two CWs. In the case of aperiodic CQI reporting on PUSCH without UL-SCH data, because the modulation and the information block size is implicit and not indicated in DCI, it is most likely to apply the same MCS for both CWs so that each layer carries an equal amount of CQI/PMI information. As a result, two CWs will most likely have different error rate due to the unequal channel conditions experienced by the CWs. The overall CQI/PMI performance will depend on the worse CW since the CQI/PMI is correctly received only if both CWs are received without error. Combined with considerations on CRC overhead (assuming the CQI/PMI contains more than 2(11=22 information bits), it is better to perform CRC attachment, channel coding and rate matching prior to segmenting the CQI/PMI information into two information blocks. Therefore, a new encoding procedure needs to be defined in LTE-A standard for aperiodic CQI/PMI feedback.

With option 2, the potential multi-layer channel capacity can also be efficiently utilized. Compared to option 1, it does not need to define new encoding procedure but codeword-to-layer mapping needs to be extended with one CW mapping to more than one layer if utilizing more than one layer for UCI transmission is desirable. Limiting the CW mapping to up to two layers in this case may be a good choice. It can reuse the codeword-to-layer mapping pattern defined for retransmission of UL-SCH. As for RI and HARQ-ACK (if there is any), it can be mapped to all available layers. This allows HARQ-ACK and RI to maximize the spatial diversity without downlink signaling. 
Proposal 2: For UCI multiplexing without UL-SCH data, allow mapping one CW to 2 layers as defined for UL-SCH retransmission in Rel-10.

4 Conclusion
In this contribution, we discuss the potential UCI enhancement issues, and we propose the following:
· For large CQI payload, the CQI resource determination should be further investigated.
· For UCI multiplexing without UL-SCH data, allow mapping one CW to 2 layers as defined for UL-SCH retransmission in Rel-10.
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