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1 Introduction

At RAN1#63bis, the following conclusion has been agreed for aperiodic CQI-only triggering:
Assuming QPSK is used for CQI-only transmission, For DCI format 0, the following is agreed
· CQI only transmission is triggered if following conditions are fulfilled
· If CQI request field is 1-bit
· CQI request field is 1 (Same as Rel-8)
· IMCS=29
· NPRB<= 4
· If CQI request field is 2-bit
· CQI request field is 01, 10, or 11
· If a single DL CC is reported (Same as Rel-8)
· IMCS=29
· NPRB<= 4
· If multiple DL CCs are reported
· IMCS=29
· NPRB<= 20
Besides the above agreements there are still some ambiguous issues to be investigated such as:
· Adoption of 16QAM for UCI-only transmission is not precluded; the support of rank2 is not precluded. Both are FFS. 

In this contribution, we will present our views on these remaining issues of multi-layer transmission and modulation scheme for CQI-only transmission.
2 Discussion for UCI on PUSCH without UL-SCH data
This section  discusses channel capacity for UCI on PUSCH without UL-SCH data. Table 1 (normal cyclic prefix) and Table 2 (extended cyclic prefix) provide the resulting code rates if 20 RBs are allocated to the CQI‑only transmission and 5 DL CCs are configured. The following assumptions are made:
· SRS (Sounding Reference Symbol) occupies 1 SC‑FDMA symbol

· A/N (ACK/NACK) occupies 4 SC‑FDMA symbols (maximum possible repetition case)

· RI (Rank Indicator) occupies 4 SC‑FDMA symbols (maximum possible repetition case)

· Modulation: QPSK,16QAM
In the tables, feedback mode 3-1 is assumed. When taking CRC into account, the resulting overall overhead is (60+4)*5+8=328 bits, including:
· CQI: (wideband (4bits) + subband(2bits)*13(number of subbands in 20MHz))*2(TBs) =60bits

· PMI: wideband (4bits) =4bits

· CRC: 8bits
Table 1.Code rate for Normal CP with UL allocation of 20 RBs
	Modulation
	Control signaling content

	
	CQI
	CQI

SRS
	CQI

A/N
	CQI

RI
	CQI

A/N

SRS
	CQI

RI

SRS
	CQI

A/N

RI
	CQI

A/N

RI

SRS

	QPSK
	0.057
	0.062
	0.09
	0.09
	0.10
	0.10
	0.17
	0.23

	16QAM
	0.029
	0.03
	0.045
	0.045
	0.05
	0.05
	0.09
	0.11


Table 2.Code rate for Extended CP with UL allocation of 20 RBs
	Modulation
	Control signaling content

	
	CQI
	CQI

SRS
	CQI

A/N
	CQI

RI
	CQI

A/N

SRS
	CQI

RI

SRS
	CQI

A/N

RI
	CQI

A/N

RI

SRS

	QPSK
	0.0725
	0.08
	0.12
	0.12
	0.145
	0.145
	0.362
	0.70

	16QAM
	0.09
	0.04
	0.06
	0.06
	0.0725
	0.0725
	0.18
	0.36


From the tables, it can be observed that for QPSK, in almost all the multiplexing cases, the code rate is lower than 1/3 [2]. It means that 20 PRBs are already sufficient to guarantee the transmission accuracy. 
However, for some rare cases that the Pcell is selected to be a carrier with system bandwidth of less than 20 PRBs (e.g., 6 PRBs) and the largest UCI signaling content occurs, other capacity enhancement methods may be required. Two methods have previously been proposed: 16QAM and rank2 [1].
2.1 Modulation for UCI on PUSCH without UL-SCH data
Considering RI and ACK/NACK, the cell coverage should have the first priority, and lower modulation order like QPSK is preferred. If RI/ACK/NACK (QPSK) and CQI (16QAM) adopt different modulation schemes respectively, the current table of 
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 may need to be modified, since in R8, 
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is designed always assuming the same modulation scheme for RI/ACK/NACK and CQI. But if both RI/ACK/NACK and CQI adopt 16QAM, it is hard to guarantee the CQI target error rate, as ACK/NACK is transmitted at the cost of puncturing the CQI resource, and 16QAM is more sensitive to the puncturing.
Moreover, 16QAM cannot be a constant configuration since channel conditions can vary significantly and cannot always support 16QAM transmission. So additional signaling is required to configure the modulation scheme, 16QAM or QPSK. Some company [3] suggests that IMCS = 31 (RV=3) is used to indicate 16QAM, but obviously it introduces further scheduling restriction for retransmission with RV=3 on top of the already existing restriction for retransmission with RV=1.
Based on the above analysis, it can be seen that the benefit from introduction of 16QAM is uncertain but at the cost of inducing more complexity and breaking the commonality with R8. Therefore, additional 16QAM modulation is not necessary. 
Proposal 1: For UCI multiplexing without UL-SCH data, 16 QAM is not supported.

2.2 Multi-layer transmission of UCI on PUSCH without UL-SCH data
For multiple layers transmission, unlike 16QAM, no additional signaling is required since PMI field can indicate rank 1 or rank 2. Furthermore, impact from puncturing CQI RE resources is the same for rank 1 and rank 2. So our preferred scheme is to adopt multi-layer transmission compared with 16QAM. There are two options for multi-layer transmission.
· 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 can only be recovered 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 would need 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 signaling. 
Proposal 2: For UCI multiplexing without UL-SCH data, allow mapping one codeword to 2 layers as defined for retransmission in Rel-8.

3 Conclusions
In this contribution, the analysis on the modulation scheme and multi-layer for CQI-only transmission has been given. Our opinion is to keep the agreements of the last meeting, and to resolve the cases where the system bandwidth is less than 20 RBs. The following proposals are preferred if spectral efficiency enhancements are deemed necessary:
· For UCI multiplexing without UL-SCH data:
· 16 QAM is not supported
· Allow mapping one codeword to 2 layers
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