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1 Introduction

At RAN1#63, it has been concluded that for aperiodic CQI-only triggering [1]:
If DCI format 0 is used for the UL grant,

· Aperiodic CQI-only PUSCH can be enabled by setting IMCS =29, NPRB<=X and CQI request=1.

·  X is FFS, pending the outcome of CQI payload discussion in MIMO and CA
· Modulation format, QPSK is supported

· Additional support of 16QAM is FFS, pending the outcome of CQI payload discussion in MIMO and CA
If DCI format 4 is used for the UL grant,

· CQI-only transmission is supported if  the transmission rank is 1 

· Aperiodic CQI-only PUSCH can be signalled by setting IMCS(enabled TB)=29 , NPRB<=X and CQI request=1.

· X is FFS, pending the outcome of CQI payload discussion in MIMO and CA
· Modulation format, QPSK is supported

· Additional support of 16QAM is FFS, pending the outcome of CQI payload discussion in MIMO and CA

As shown in the following conclusions from CA, up to 5 component carriers could be aggregated in downlink.
If carrier aggregation is configured, aperiodic CSI request field contains 2 bits for UE-specific search space.
· “00” state indicates no CSI is triggered
· “01” state indicates trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report
· “10” meaning is configured by RRC
· “11” meaning is configured by RRC
For the common search space
· “0” state indicates no CSI is triggered

· “1” meaning is configured by RRC

The RRC can configure any combination of up to 5 component carriers.
It is possible that a UE could feedback CSI report for up to 5 DL CCs [3] on only one UL CC, which leads to an increase of the CSI payload size. If the Rel-8 triggering mechanism (IMCS=29, CQI request =1, NPRB<=4) is reused, the analysis in this contribution shows that 4 PRBs are not enough to guarantee the coverage of CQI-only transmission with increased payload size. So the value of X, which is the FFS part of the last meeting’s conclusion, is also properly determined in this contribution.
2 Discussion
Due to the CSI feedback of multiple DL CCs, the payload size of UCI will be several fold that of the single CC case. But according to the agreement of Rel-8, maximum 4 PRBs can be allocated for CQI-only information. Therefore, it should be investigated whether the reserved resources are sufficient to support the increased size of aperiodic CQI-only transmission efficiently for LTE-A. In order to have a sufficient coverage of the CQI-only report, low code rates should be guaranteed. Table 1 (normal cyclic prefix) and Table 2  (extended cyclic prefix) provide the resulting QPSK code rates for all possible cases in which a CQI report is multiplexed with other control channels if 4 RBs are allocated to the CQI‑only transmission and 5 DL CC 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 4 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
	0.302
	0.33
	0.453
	0.453
	0.52
	0.52
	0.906
	1.208

	16QAM
	0.151
	0.165
	0.2265
	0.2265
	0.26
	0.26
	0.453
	0.604


Table 2.Code rate for Extended CP with UL allocation of 4 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
	0.3625
	0.402
	0.604
	0.604
	0.725
	0.725
	1.81
	3.62

	16QAM
	0.18
	0.2
	0.302
	0.302
	0.3625
	0.3625
	0.9
	1.81


From the tables, it can be observed that for QPSK, in almost all the multiplexing cases, the code rate is higher than 1/3[2]. Note that the code rate above 1 in the table means that the payload size is too high to be put in the 4 PRBs even without channel coding.
It was proposed that 16QAM should be exploited instead of QPSK to enhance the channel capacity [1]. But from the table, it can be observed that for CQI, 16QAM cannot fully fulfill the transmission quality requirement (marked by red in the table). That means on top of 16QAM, we still need another method to resolve the coverage issue in CQI only transmission. Further more, considering RI and ACK/NACK, the cell coverage should have the first priority, and lower modulation order like QPSK is preferred. It seems that an additional 16QAM modulation is not necessary. 
Proposal 1: Only QPSK should be used for CQI-only transmission.

One natural way for determining the value of X is to link X with the number of activated DL CCs. That is, to define X as 4(N (N is the number of activated DL CCs). For example, when N equal to 2, NPRB should be below or equal to 8. But one disadvantage of this method is the scheduling constraint on PUSCH, as all the states for UL-SCH retransmission with UCI of bandwidth less than X PRBs cannot be used. 
To reduce the constraint on uplink scheduling, under the prerequisite of “NPRB<=X”, a further refinement such as “
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” is recommended, where 
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 denotes all the sizes (in number of PRBs) that are allowed to be configured for CQI-only transmission. For instance, for a single activated DL CC 
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 can be {1,2,3,4} PRBs; and for two activated DL CCs 
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 can be {2,4,6,8} PRBs. A UE can implicitly know 
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based on the number of activated DL CC according to the aperiodic CSI request field. It should be noted that the agreement “NPRB<=X” means that the bandwidth sizes reserved for CQI-only PUSCH transmissions belong to the set {1,2,…,X} PRBs. In Rel-8, this set is {1,2,3,4} PRBs. And the condition 
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is a subset of {1,2,…,X} PRBs.
Proposal 2: The conditions for the eNodeB to request CQI-only transmission are:
· If DCI format 0 is used for the UL grant, aperiodic CQI-only PUSCH can be signaled by setting IMCS=29, 
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 and positive CQI request.
· If DCI format 4 is used for the UL grant, CQI-only transmission is supported if the transmission rank is 1. Aperiodic CQI-only PUSCH can be signaled by setting IMCS=29(enabled TB), 
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 and positive CQI request.
· 
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 is the set {1(N, 2(N, 3(N, 4(N} PRBs, where N is the number of activated DL CCs according to the aperiodic CSI request field in DCI format 0 or 4.
3 Conclusions
In order to handle the scenario where a UE could feedback CSI report of up to 5 DL CCs on only one UL CC, control signaling to trigger CQI-only transmission should be revised in order to guarantee efficient resource usage and proper code rate. We recommend adopting the scheme below as the control signaling to trigger CQI-only transmission. 
· Only QPSK is used for CQI-only PUSCH transmission.
· If DCI format 0 is used for the UL grant, aperiodic CQI-only PUSCH can be signaled by setting IMCS=29, 
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 and positive CQI request.
· If DCI format 4 is used for the UL grant, CQI-only transmission is supported if the transmission rank is 1. Aperiodic CQI-only PUSCH can be signaled by setting IMCS  =29(enabled TB), 
[image: image11.wmf]_

PRBPRBUCI

NN

Î

 and positive CQI request.

·  
[image: image12.wmf]PRB_UCI
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 is the set {1(N, 2(N, 3(N, 4(N} PRBs, where N is the number of activated DL CCs according to the aperiodic CSI request field in DCI format 0 or 4.
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