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1. Introduction
At RAN1#63 meeting, it was agreed that both DCI format 0 and DCI format 4 support aperiodic CQI-only transmissions on PUSCH, while the restriction of RBs and modulation were not decided yet considering the effect of MIMO and CA on CQI payload[1]. In this contribution, we share our views on these remaining issues. 
2. Analysis and discussion 
In Rel-8, aperiodic CQI-only transmission on PUSCH is supported by setting CQI request =1, the modulation and coding  IMCS = 29 and the number of RBs NPRB<=4 indicated by RB assignment in DCI format 0. It was analyzed that 4 RBs could provide sufficiently low code rates to guarantee the coverage of CQI report [2]. Similar criterion should be applied when we evaluate the RB restriction considering the enhanced MIMO features and CA scenarios in Rel-10.  
In the case of DCI format 0 mapped onto common search space, considering that triggering of multiple CCs in common search space is not a frequent use case, it is preferable to keep similar behavior of aperiodic CSI trigger as Rel-8, i.e. only trigger for DL CC that is SIB2-linked to the UL CC transmitting the CQI report. So, the payload of CQI-report remains almost the same as Rel-8 except additional 4 bits due to the enhanced double codebook structure for MIMO. Then, there is no need to increase the number of RBs. 
In the case of DCI format 0 mapped onto UE-specific search space and DCI format 4, triggering of multiple CCs would be supported according to discussion. Then, the payload of CQI-report for up to 5 DL CCs may be excessive. For example, the payload of mode 3-1 CQI-report for 5 DL CCs with 20MHz bandwidth is 348 bits resulting in higher than 1 code rate. Obviously, some modification of RBs restriction is needed [3, 4]. Due to the deadline of Rel-10 specification, we mainly optimize the RBs restriction for 2 DL CCs for all possible multiplexing cases of a CQI report with other control channels and typical cases for up to 5 DL CCs. The code rates for allocating 4/5/6 RBs to CQI‑only transmission on PUSCH are given in Table 1& Table 2. Same assumptions as [2] are listed below:

· SRS occupies 1 SC‑FDMA symbol

· A/N occupies 4 SC‑FDMA symbols (maximum number of coded symbols defined in [5])

· RI occupies 4 SC‑FDMA symbols (maximum number of coded symbols defined in [5])

· QPSK Modulation 

· 8 bits CRC

· 2 DL CCs
· 20MHz bandwidth
As is shown in Table 1& Table 2, in the case of normal CP, sufficiently low code rates < 1/3 (utilizing full coding gain) can be achieved by 6 RBs for all multiplexing cases. In the case of extended CP, still reasonable code rate can be achieved except for CQI+A/N+RI+SRS case which is assumed to be rare. Besides, the maximum code rates (mode 3-1) for up to 5 DL CCs are also given in Table 3. Similarly, 4 RBs is not enough and acceptable code rate is achieved by 6 RBs for most cases. 
To avoid unnecessary scheduling restriction for multiplexing data and CQI on PUSCH, it is beneficial to dynamically change the upper limit of RBs base on the number of DL CCs to report CQI and the corresponding feedback mode.  However, it needs great specification effort and is very complicated for implementation. So, we prefer to simply define two values of number of RBs for single and multiple CCs irrespective of feedback mode and exact number of DL CCs to report CQI,

· If the number of DL CCs to report CQI =1, the RBs restriction NPRB<=4, which is same as Rel-8.

· If the number of DL CCs to report CQI >1, the RBs restriction NPRB<=6.
As is analyzed above, in the case of extended CP with simultaneously high payload of A/N and RI, the code rate is not sufficiently low to guarantee satisfied performance. It is not reasonable to increase the number of RBs purely for such rare cases. It was proposed to use 16-QAM to increase the BW efficiency [6]. We observe that the benefits of 16-QAM are not clear for most cases wherein low code rate is already achieved by up to 6 RBs, except for such extended CP cases. Because it is not typical for UEs scheduled by DCI 0 to report aperiodic CQI for PCC and several SCCs, additional 16-QAM function would only be supported in DCI 4. 1 bit NDI for disabled TB in DCI 4 can be used to indicate 16-QAM modulation.  Nevertheless, it should be noted that eNB is able to avoid high code rate of CQI-report by proper scheduling.
Table 1  Code rate for CQI-only PUSCH with 4/5/6 RBs (Normal CP)
	Maximum CQI payload 
	Number of RBs &Feedback mode 
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	144
	4 RBs, Mode 3-1
	 0.13   
	0.14
	0.21
	0.21
	0.25
	0.25
	0.38
	0.5

	144
	5 RBs, Mode 3-1
	 0.10    
	0.11
	0.17
	0.17
	0.20
	0.20
	0.30
	0.40

	144
	6 RBs, Mode 3-1
	0.08   
	0.09
	0.14
	0.14
	0.17
	0.17
	0.25
	0.33

	100

	4 RBs,  Mode 2-2, 
	0.08   
	0.09
	0.15
	0.15
	0.17
	0.17
	0.26
	0.35

	100

	5 RBs,  Mode 2-2, 
	0.07    
	0.08
	0.12
	0.12
	0.14
	0.14
	0.21
	0.28

	100

	6 RBs,  Mode 2-2, 
	0.06   
	0.06
	0.10
	0.10
	0.12
	0.12
	0.17
	0.23


Table 2  Code rate for CQI-only PUSCH with 4/5/6 RBs (Extended CP)
	Maximum CQI payload 
	Number of RBs &Feedback mode 
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	144
	4 RBs, Mode 3-1
	0.15
	0.17
	0.30
	0.30
	0.38
	0.38
	0.75
	1.5

	144
	5 RBs, Mode 3-1
	0.12
	0.13
	0.24
	0.24
	0.3
	0.3
	0.60
	1.2

	144
	6 RBs, Mode 3-1
	 0.10
	0.11
	0.2
	0.2
	0.25
	0.25
	0.5
	1.0

	100

	4 RBs,  Mode 2-2
	 0.10
	0.12
	0.21
	0.21
	0.26
	0.26
	0.52
	1.04

	100

	5 RBs,  Mode 2-2
	 0.08 
	0.09
	0.17
	0.17
	0.21
	0.21
	0.42
	0.83

	100

	6 RBs,  Mode 2-2
	 0.07
	0.08
	0.14
	0.14
	0.17
	0.17
	0.35
	0.69


Table 3 Maximum Code rate for CQI-only PUSCH for 2~5 DL CCs (Normal CP)
	Maximum CQI payload 
	Number of RBs & Number of CCs
	CQI
	CQI
SRS
	CQI
A/N
	CQI
RI
	CQI
A/N
SRS
	CQI
RI
SRS
	CQI
A/N
RI
	CQI
A/N
RI
SRS

	348
	4 RBs, 

5 DL CCs
	0.30
	0.33
	0.52
	0.52
	0.60
	0.60
	0.91
	1.21

	348
	6 RBs, 

5 DL CCs
	 0.20
	0.22
	0.34
	0.34
	0.40
	0.40
	0.60
	0.81

	280
	6 RBs, 

4 DL CCs
	 0.16
	0.18
	0.28
	0.28
	0.32
	0.32
	0.49
	0.65

	212
	6 RBs, 

3 DL CCs
	 0.12
	0.13
	0.21
	0.21
	0.25
	0.25
	0.37
	0.49

	144
	6 RBs, 

2 DL CCs
	0.08   
	0.09
	0.14
	0.14
	0.17
	0.17
	0.25
	0.33


3. Conclusions
Based on the discussion above, we propose to make small modification of RBs restriction for CA case, i.e. 

· In the case of DCI format 0 mapped onto common search space, it is same as Rel-8,

· The RBs restriction NPRB <=4
· QPSK modulation is used

· In the case of DCI format 0 mapped onto UE-specific search space
· If the number of DL CCs to report CQI =1, the RBs restriction NPRB<=4, which is same as Rel-8.

· If the number of DL CCs to report CQI >1, the RBs restriction NPRB<=6.
· QPSK modulation is used, which is same as Rel-8.
· In the case of DCI format 4 mapped onto UE-specific search space
· If the number of DL CCs to report CQI =1, the RBs restriction NPRB<=4, which is same as Rel-8.

· If the number of DL CCs to report CQI >1, the RBs restriction NPRB<=6.

· QPSK or 16 QAM modulation are used, 

· NDI for disabled TB=’0’, QPSK is used.

· NDI for disabled TB=’1’, 16QAM is used.
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