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1 Introduction
During the previous two 3GPP RAN1 meetings, UCI multiplexing on PUSCH in case of SU-MIMO was discussed and significant agreements were achieved [1]. Besides the scenarios discussed where UCI is sent on PUSCH with UL-SCH data, UCI may also be sent on PUSCH when aperiodic CQI/PMI/RI reporting is triggered without UL-SCH data. Multi-layer transmission of CQI/PMI may then be considered. In addition, when aperiodic CQI/PMI/RI is sent without UL-SCH data, the 36.213 specification needs to deal with the case where HARQ-ACK may also be multiplexed with multi-layer CQI/PMI transmission without UL-SCH data. Another issue is that the payload of UCI in LTE-A may be much larger than that in LTE. For this scenario, to satisfy different performance requirement of CQI/PMI and UL-SCH data efficiently, CQI/PMI and data using different CWs, i.e. spatial division multiplexing of CQI/PMI and data may be considered.
2 Multi-layer transmission of UCI on PUSCH without UL-SCH data
This section discusses UCI multiplexing on PUSCH without UL-SCH data. For one layer transmission, the same UCI multiplexing scheme as Rel-8 should be used. New designs of UCI multiplexing are needed for scenarios with multiple MIMO layers. To extend UCI mapping to multiple layers, there are at least two options:
· Option 1 is to extend UCI to 2 CWs and CQI/PMI and HARQ-ACK/RI can be multiplexed on both CWs.
· Option 2 is to maintain 1 CW for UCI, but extend one CW mapping to multiple layers. 
In option 1, CQI/PMI is transmitted on 2 CWs to utilize UL-MIMO multi-layer channel capacity with codeword-to-layer mapping scheme for UL-SCH. However, the CQI/PMI information has to be segmented into 2 information blocks and coded to 2 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 CW so that each layer bears equal amount of CQI/PMI information. As a result, the 2 CWs will most likely have different error rate due to the unequal channel condition experienced by the CWs. The overall CQI/PMI performance will depend on the worse CW since the CQI/PMI is reconstructable 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 2 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 2 layers if utilizing more than 2 layers for UCI transmission is desirable. Limiting the CW mapped to up to 2 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 signalling. It is worth noting that the DCI fields need to indicate that there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. A simple way is to use DCI for 2CW UL grant with one CW disabled, setting “CQI request” = On (value 1), 
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. For example, n=4 for uplink single antenna transmission is defined in Rel-8. As discussed in a companion contribution [6], n=4 may be too small in the case of large UCI payload size. Alternatively, DCI for 1CW UL grant can be used by setting “CQI request” = On (value 1), 
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Proposal: Extend for the existing design of UCI multiplexing without UL-SCH data to 2 layers. For UCI multiplexing without UL-SCH data, allow mapping one CW to 2 layers as defined for retransmission in Rel-8.

3 Multiplexing of high payload UCI with UL-SCH data on PUSCH
This section discusses the scenario where payload of UCI is relatively large or the assigned PUSCH resource is relatively small. In this scenario, it is beneficial to assign different codewords for aperiodic CQI/PMI and UL-SCH data, i.e. aperiodic CQI and UL-SCH data are spatial division multiplexed. The advantages of this solution include:

· It is easy to satisfy different performance requirement of CQI/PMI and UL-SCH data. In this scenario, if CQI/PMI and UL-SCH data multiplexed to the same CW, most UL-SCH data symbols will be punctured to place CQI/PMI information, which is likely to result in unsuccessful UL-SCH data transmission of this CW. Meanwhile, because the modulation and coding scheme (MCS) is selected to meet UL-SCH FER requirement, although there are offset factor
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, the MCS is likely not optimized for UCI.
· It is simple for receiver processing. Because the CQI/PMI and UL-SCH data are transmitted in different CWs, the decoding and retransmission processing of UL-SCH data is much simpler and advanced receiver is possible.
As for how to determine and signalling which CW is for CQI/PMI transmission, there are at least 2 options:

· Option 1 is to determine the CW for CQI/PMI according to the channel state information which has already been informed in current downlink signalling. For example, using the CW with higher SINR or the CW occupying the larger number (or smaller number) of layers. It allows implicit indication of which CW is for CQI/PMI. 
· Option 2 is to determine the CW for CQI/PMI at the eNodeB, for example, according to the channel capacity of the CW. It is a combined consideration of the resources allocated, SINR/MCS and layer numbers of the CW, error probability requirement and payload of CQI/PMI and it is up to eNodeB to make the decision,
Obviously, option 2 can make a better matching between the payload of current CQI/PMI and the channel capacity of the layers of the CW to be mapped. Therefore, it is better to let eNodeB select the appropriate CW. 
To indicate which CW for aperiodic CQI/PMI, the 2 MCS fields in DCI for 2CW UL grant can be used. Below is a possible approach to indicate which CW for CQI/PMI reporting:

If “CQI request” bit is set to 1, 
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(n=4 for one uplink layer as defined in Rel-8), and 
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(as used in Rel-8), then there is no UL-SCH transmitted on the associated CW but only the control information.

As for HARQ-ACK/RI, it should be replicated across all layers of both CWs and occupy the same REs across the layers. The formula for determining the number of UCI Symbols can follow the same principle as other cases.
Proposal: For high payload aperiodic CQI/PMI feedback, eNodeB can assign different codewords for aperiodic CQI/PM and UL-SCH data and let eNodeB choose the CW for aperiodic CQI/PMI.
4 Conclusions

This contribution discusses two scenarios of aperiodic CQI/PMI feedback in PUSCH with multi-layers PUSCH transmission: the scenario of multi-layer transmission of UCI on PUSCH without UL-SCH data, and the scenario of relatively large payload of aperiodic CQI/PMI. The proposals are given in the following:

· Extend for the existing design of UCI multiplexing without UL-SCH data to 2 layers. For UCI multiplexing without UL-SCH data, allow mapping one CW to 2 layers as defined for retransmission in Rel-8.

· For high payload aperiodic CQI/PMI feedback, eNodeB can assign different codewords for aperiodic CQI/PM and UL-SCH data and let eNodeB choose the CW for aperiodic CQI/PMI.
Text proposal of TS 36.213 is also provided to reflect these proposals. 
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8.6.1

Modulation order and redundancy version determination 
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· If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order is given by 
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in Table 8.6.1-1.
· If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, 
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is first read from Table 8.6.1-1. The modulation order is set to 
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· If the parameter ttiBundling provided by higher layers is set to TRUE, then the resource allocation size is restricted to 
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, the “CQI request” bit in DCI format 0 is set to 1 and 
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, the modulation order is set to 
[image: image24.wmf]2

=

m

Q

. For
[image: image25.wmf]31

29

i

MCS,

£

£

I

of codeword 
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, the “CQI request” bit in DCI format 4 is set to 1 and 
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. Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH with DCI format 0 or DCI format 4 for the same transport block using 
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. If there is no PDCCH with DCI format 0 or DCI format 4 for the same transport block using 
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, the modulation order shall be determined from 

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.
The UE shall use
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and Table 8.6.1-1 to determine the redundancy version (rvidx) to use in the physical uplink shared channel.
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8.6.2

Transport block size determination
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, the UE shall first determine the TBS index (
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and Table 8.6.1-1. The UE shall then follow the procedure in Section 7.1.7.2.1 to determine the transport block size.
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, the “CQI request” bit in DCI format 0 is set to 1 and
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, then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. For
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, the “CQI request” bit in DCI format 4 is set to 1 and
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, then there is no transport block for the UL-SCH in codeword 
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 and only the control information feedback for the current PUSCH reporting mode is transmitted in codeword 
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[image: image46.wmf]29

i

MCS,

=

I

 for both codewords, the “CQI request” bit in DCI format 4 is set to 1 and 
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, then there is no transport block for the UL-SCH in both codewords and only the control information feedback for the current PUSCH reporting mode is transmitted in the first codeword.
Otherwise, the transport block size shall be determined from the initial PDCCH for the same transport block using 
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. If there is no initial PDCCH with DCI format 0 or DCI format 4 for the same transport block using 
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, the transport block size shall be determined from

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.
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