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1 Introduction
In RAN1#63, the following has been agreed for CSI-only transmissions.

Agreement:

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

On the other hand, during the e-mail reflector discussion after RAN1#63, a WF on aperiodic CQI transmission in LTE-A [1] is agreed:

· If carrier aggregation is configured, aperiodic CSI request field contains 2 bits (1 bit is added to the DCI format in the 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
With the following clarifications:

· The WF only relates to the case when CA is configured for the UE. 

· The meaning of “1” in the CSS is FFS until the next meeting.
In this contribution, we discuss further details on the control signaling for CQI-only transmissions in LTE-A. 

2 Rel-10 Aperiodic CSI and Carrier Aggregation
In Rel-8, it was agreed that up to 4 RBs are assigned for CQI-only transmission to ensure a sufficiently low code rate for high-payload CQI for error protection [2]. In Rel-10, carrier aggregation has been introduced, and a UE configured with carrier aggregation should be able to multiplex up to 5 aperiodic CSI reports on a single PUSCH. As the CSI bit payload can be significantly higher for UEs configured with carrier aggregation, it is not clear whether up to 4 RBs and applying QPSK modulation would be sufficient to give a reasonable error protection for the multiple CSI reports. 
Table 1 Normal CP: CQI code rates with QPSK modulation, 4 RB allocation and 2 DL CC reporting
	CQI report size 

per CC
(incl. CRC)
	PUSCH contents

	
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI

	
	 
	SRS
	A/N
	RI
	A/N
	RI
	A/N
	A/N

	
	 
	 
	 
	 
	SRS
	SRS
	RI
	RI

	
	 
	 
	 
	 
	 
	 
	 
	SRS

	32
	0.028
	0.030
	0.042
	0.042
	0.048
	0.048
	0.083
	0.111

	40
	0.035
	0.038
	0.052
	0.052
	0.060
	0.060
	0.104
	0.139

	56
	0.049
	0.053
	0.073
	0.073
	0.083
	0.083
	0.146
	0.194

	72
	0.063
	0.068
	0.094
	0.094
	0.107
	0.107
	0.188
	0.250


Table 2 Extended CP: CQI code rates with QPSK modulation, 4 RB allocation and 2 DL CC reporting
	CQI report size
per CC

(incl. CRC)
	PUSCH content

	
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI

	
	 
	SRS
	A/N
	RI
	A/N
	RI
	A/N
	A/N

	
	 
	 
	 
	 
	SRS
	SRS
	RI
	RI

	
	 
	 
	 
	 
	 
	 
	 
	SRS

	32
	0.033
	0.037
	0.056
	0.056
	0.067
	0.067
	0.167
	0.333

	40
	0.042
	0.046
	0.069
	0.069
	0.083
	0.083
	0.208
	0.417

	56
	0.058
	0.065
	0.097
	0.097
	0.117
	0.117
	0.292
	0.583

	72
	0.075
	0.083
	0.125
	0.125
	0.150
	0.150
	0.375
	0.750


Table 3 Normal CP: CQI code rates with QPSK modulation, 4 RB allocation and 5 DL CC reporting
	CQI report size
(incl. CRC)
	PUSCH content

	
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI

	
	 
	SRS
	A/N
	RI
	A/N
	RI
	A/N
	A/N

	
	 
	 
	 
	 
	SRS
	SRS
	RI
	RI

	
	 
	 
	 
	 
	 
	 
	 
	SRS

	32
	0.139
	0.152
	0.208
	0.208
	0.238
	0.238
	0.417
	0.556

	40
	0.174
	0.189
	0.260
	0.260
	0.298
	0.298
	0.521
	0.694

	56
	0.243
	0.265
	0.365
	0.365
	0.417
	0.417
	0.729
	0.972

	72
	0.313
	0.341
	0.469
	0.469
	0.536
	0.536
	0.938
	1.250


Table 4 Extended CP: CQI code rates with QPSK modulation, 4 RB allocation and 5 DL CC reporting
	CQI report size
(incl. CRC)
	PUSCH content

	
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI
	CQI

	
	 
	SRS
	A/N
	RI
	A/N
	RI
	A/N
	A/N

	
	 
	 
	 
	 
	SRS
	SRS
	RI
	RI

	
	 
	 
	 
	 
	 
	 
	 
	SRS

	32
	0.167
	0.185
	0.278
	0.278
	0.333
	0.333
	0.833
	1.667

	40
	0.208
	0.231
	0.347
	0.347
	0.417
	0.417
	1.042
	2.083

	56
	0.292
	0.324
	0.486
	0.486
	0.583
	0.583
	1.458
	2.917

	72
	0.375
	0.417
	0.625
	0.625
	0.750
	0.750
	1.875
	3.750


Assuming that 4 RBs are assigned for a UCI-only transmission for a UE, and the UE transmits 2 CSI reports and the CSI reports are modulated with QPSK, the code rates with different PUSCH contents are summarized in Table 1 for normal CP and Table 2 for extended CP. Here, it is assumed that whenever A/N and/or RI is assigned, the whole 4 A/N SC-FDM symbols and/or the whole RI SC-FDM symbols are punctured and they are not used for CQI transmission. For the normal CP case as shown in Table 1, we do not see a significant problem of keeping up to 4 RBs and QPSK modulation for CQI-only transmission. On the other hand, For the extended CP case as shown in Table 2, we see relatively high code rates when both A/N and RI are mapped on the same PUSCH. However, considering that a UE configured to transmit/receive in 2 cells is likely to have a relatively good geometry, the chance that the whole 8 A/N and RI SC-FDM symbols are punctured for A/N and RI will be small. Hence, we do not see a significant problem of keeping up to 4 RBs and QPSK modulation for CQI-only transmission in extended-CP case, either.
Observation 1: When reporting for 2 CCs, the code rates can be kept relatively small for CQI-only transmissions with Rel-8 parameters used for CQI-only transmissions: up to X=4 PRBs and QPSK modulation.
However, when the UE transmits 5 DL CCs’ reports, the situation becomes different, as we see from Table 3 and Table 4. When the CSI payloads for the 5 DL CCs are all 72, even when no other signals are multiplexed, the code rate is significantly high: 0.313 for normal CP and 0.375 for extended CP. 

Observation 2: When reporting for 5 CCs, the code rates cannot be kept small for CQI-only transmissions with Rel-8 parameters used for CQI-only transmissions: up to X=4 PRBs and QPSK modulation.
Having these two observations, we realize that it is necessary to give more resources to CQI-only transmissions for better protection of CQI at least when a large number of CSI reports are transmitted on a single PUSCH. To give more resources to CQI-only transmission, we can consider the following options:
· Option 1: Allow up to 8 RBs for CQI-only transmissions.
· Option 2: Allow 16QAM for CQI-only transmissions.

· Option 3: Allow higher rank transmissions for CQI-only in case the PUSCH is triggered by DCI format 4. 
Among these three options, we have a preference on Option 1 or Option 2, because Option 3 is only applicable to UEs capable of UL-MIMO. 
Proposal: Allow 16QAM and/or up to X=8 PRBs for CSI-only transmissions, at least when a large number of CSI reports are transmitted on a single PUSCH. 

3 Signaling Design for CSI-Only Transmissions in Rel-10

3.1 DCI format 0

Reflecting the agreement in the CSI triggering for CA UEs, we propose to slightly modify the conditions triggering CQI-only with DCI format 0 as in the following:

· Condition 1: IMCS = 29

· Condition 2: NPRB <= X

· Condition 3: CQI request = 1, 01, 10 or 11.
We consider two alternatives to indicate 16QAM or X=8.

· Alt 1: When more than 2 CSI reports (for 2 DL CCs) are transmitted, 16QAM (or X=8) is used for CSI modulation; otherwise, QPSK is used for CSI modulation.
· Alt 2: IMCS = 31 (RV=3) is used for indicating 16QAM (or X=8). In this case, Condition 1 should be slightly modified into “Condition 1: IMCS = 29, or IMCS = 31.”
Alt 1 is aligned with the observations in Section 2, and it helps to reduce the code rate when needed due to higher payload. On the other hand, Alt 2 is introducing further scheduling restriction for retransmissions with RV=3. Hence, we have a preference on Alt 1. 
Proposal: When more than 2 CSI reports are transmitted, 16QAM (or X=8) is used for CSI modulation; otherwise, QPSK is used for CSI modulation.
3.2 DCI format 4
In RAN1#63, it has been agreed to restrict UCI-only transmission to only rank-1 transmission, even if the UCI-only transmission is triggered by a UL MIMO format, i.e., DCI format 4. In this case, UCI-only transmission is triggered only when DCI format 4 indicates a single enabled TB and a rank-1 precoder.
When a single TB is enabled, the NDI bit of a disabled TB does not have a meaning, and hence the NDI bit can potentially be used for indicating another state. Hence, we may also consider using the NDI bit of a disabled TB to indicate the UCI-only transmission, as an alternative not imposing any scheduling restrictions of RB<=4 for retransmission with RV=1. In this case, the following set of conditions would trigger UCI-only:
· Condition 1: Rank-1 (jointly indicated by a single enabled TB and rank-1 PMI),

· Condition 2: NDI of a disabled TB = 1,

· Condition 3: CQI request = 1, 01, 10 or 11.
To indicate 16QAM (or X=8), we consider the following alternatives:
· Alt 1: When more than 2 CSI reports (for 2 DL CCs) are transmitted, 16QAM (or X=8) is used for CSI modulation; otherwise, QPSK is used for CSI modulation.
· Alt 2: NDI of a disabled TB = 1 (if UCI-only is triggered by IMCS=29 and NPRB <= X)

Among these two alternatives, we have a preference on Alt 1, as a common method to indicate 16QAM (or X=8) for DCI formats 0 and 4. 
Proposal: Consider re-defining the conditions triggering CSI-only transmission in case of DCI format 4, as stated above in this subsection.

Proposal: When more than 2 CSI reports are transmitted, 16QAM (or X=8) is used for CSI modulation; otherwise, QPSK is used for CSI modulation.
4 Conclusion

This contribution proposes the following for CSI-only triggering:
· At least one of 16QAM or X=8 should be supported in Rel-10 CSI-only transmissions. 
· When more than 2 CSI reports (for 2 DL CCs) are transmitted, 16QAM (or X=8) is used for CSI modulation; otherwise, QPSK is used for CSI modulation.
· CSI-only transmission in case of DCI format 0 is triggered if the following conditions are satisfied:

·  Condition 1: IMCS = 29

· Condition 2: NPRB <= X

· Condition 3: CQI request = 1, 01, 10 or 11.
· Consider re-defining conditions triggering CSI-only transmission in case of DCI format 4:
· Condition 1: Rank-1 (jointly indicated by a single enabled TB and rank-1 PMI),

· Condition 2: NDI of a disabled TB = 1,

· Condition 3: CQI request = 1, 01, 10 or 11.
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