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1. Introduction

In Rel-8, for aperiodic CQI-only PUSCH transmission, it is defined that CQI/PMI/RI is modulated by QPSK and transmitted within four PRBs. However, in Rel-10, since CQI/PMI/RI payload size is increased due to MIMO enhancement and carrier aggregation, it seems necessary to provide enough room to contain CQI/PMI/RI reporting information. To increase the capacity for CSI reporting, we can consider following methods:
· Spatial multiplexing

· Introducing higher order modulation (16QAM)

· Increasing NPRB size (over 4 RBs)
In RAN1#63 meeting, it is agreed that CQI-only transmission is supported if the transmission rank is 1. However, it still has not been decided regarding an introduction of higher order modulation and larger NPRB size. Therefore, in this contribution, we further discuss on the remaining issues regarding the CQI reporting capacity extension in terms of MIMO enhancement and carrier aggregation.
2. CQI only transmission without CA
In Rel-10, for higher order MIMO support, feedback codebook with finer beam granularity is introduced for better support of closed-loop MIMO which result in larger codebook size in 8Tx case. Note that 256 elements are used for each rank-1 and 2 in 8Tx which implies that 16 times larger codebook size is employed as compared with 4Tx codebook in Rel-8. However, due to dual PMI reporting structure (i.e., W1 for long-term/wideband and W2 for short-term/subband), the feedback overhead is not significantly increased even in the high overhead PUSCH reporting modes such as PUSCH mode 1-2 and 3-1 as shown in the table 1.  

Table 1. Required feedback overhead for PUSCH reporting
	
	Mode 1-2
	Mode 3-1

	
	4Tx
	8Tx
	4Tx
	8Tx

	Rank-1
	CQI:       4

PMI:    4 x N
	4

4 + 4 x N
	4 + 2 x N

4
	4 + 2 x N

4 + 4

	
	32, 40, 56

(5, 10, 20MHz)
	36, 44, 60
	22, 26, 44
	26, 30, 48

	Rank-2
	4 x 2

4 x N
	4 x 2

4 + 4 x N
	(4 + 2 x N) x 2

4
	(4 + 2 x N) x 2

4 + 4

	
	36, 44, 60
	40, 48, 64
	40, 48, 84
	44, 52, 88


· N: The number of subbands (5MHz:  7, 10MHz:  9, 20MHz: 13) 

Since dual PMIs (i.e., W1 and W2) are reported for 8Tx transmission, additional 4-bits are only required for PUSCH reporting modes 1-2 and mode 3-1 as compared with 4Tx transmission in Rel-8 by virtue of differential codebook structure. Since additional feedback overhead within a single component carrier in Rel-10 is insignificant, it would be better not to further restrict scheduling by using more reserved state. Keeping that in mind, it is preferred to reuse the same rule as Rel-8 so that QPSK is only used with four maximum number of RB (NPRB).
Proposal: Keep a same maximum RBs (i.e., 4 RBs) and same modulation order (i.e., QPSK) for CQI-only PUSCH transmission in order to avoid scheduling restriction unnecessarily when a single component carrier is configured.

3. CQI only transmission with CA
In RAN1 #61 meeting, it is agreed that aperiodic CSI reporting is only allowed to report via a single CC although multiple CCs can be used for PUSCH transmission. Therefore, when aperiodic CSI for multiple DL CCs is transmitted in single UL CC, the PUSCH container to carry CSI information would not be sufficient. In table 2, we provide effective coding rate for CQI/PMI reporting according to information bit size, modulation and assigned REs.

Table 2. Effective coding rate for CQI/PMI reporting
	# of available REs for CQI/PMI
Information bit size
	RI1 is reported together with CQI/PMI
(Case 1)
	RI2 and SRS are reported together with CQI/PMI
(Case 2)
	RI2, SRS and A/N3 are reported together with CQI/PMI
(Case 3)

	
	4 RBs
	6 RBs
	8 RBs
	4 RBs
	6 RBs
	8 RBs
	4 RBs
	6 RBs
	8 RBs

	
	568 REs
	852 REs
	1136 REs
	336 REs
	504 REs
	672 REs
	144 REs
	216 REs
	288 REs

	1 DL CC

(88+8bits)
	QPSK
	0.085
	
	
	0.143
	
	
	0.333
	0.222
	0.167

	
	16 QAM
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2 DL CCs

(172+8bits)
	QPSK
	0.158
	
	
	0.268
	0.179
	0.134
	0.625
	0.417
	0.313

	
	16 QAM
	
	
	
	
	
	
	0.313
	0.208
	0.156

	3 DL CCs

(264+8bit)
	QPSK
	0.239
	0.160
	
	0.405
	0.270
	0.202
	
	0.630
	0.472

	
	16 QAM
	
	
	
	
	
	
	0.472
	0.315
	0.236

	4 DL CCs

(352+8bits)
	QPSK
	0.317
	0.211
	0.158
	0.536
	0.357
	0.268
	
	
	0.625

	
	16 QAM
	
	
	
	0.268
	0.179
	0.134
	0.625
	0.417
	0.313

	5 DL CCs

(440+8bits)
	QPSK
	0.394
	0.263
	0.197
	0.667
	0.444
	0.333
	
	
	

	
	16 QAM
	
	
	
	0.333
	0.222
	0.167
	0.778
	0.519
	0.389


1 Minimum number of RE is used for RI transmission (i.e., 8REs for 4RBs, 12REs for 6RBs, and 16REs for 8RBs)

2 Maximum number of RE is used for RI transmission (i.e., all REs in the SC-FDMA symbols for RI)

3 Maximum number of RE is used for A/N transmission (i.e., all REs in the SC-FDMA symbols for A/N)

· QPSK 1/20 ~ 1/5, QPSK 1/5 ~ 1/3, QPSK 1/3 ~ 1/2, 16QAM 1/5 ~ 1/2
To calculate effective coding rate for CQI/PMI reporting, we assume 88-bits for CQI/PMI reporting per CC and 8-bits for CRC since rank-2 feedback information for 8-Tx transmission has a maximum payload size as shown in the table 1. 
In the case of CQI/PMI reporting for single DL CC, it is seen that the effective coding rate for CQI/PMI reporting in Case 1 and Case 2 is 0.085 and 0.143, respectively. In addition, the effective coding rate is still lower than 0.5 even in worst case (Case 3) in which minimum number of RE is available for CQI/PMI due to RI, A/N and SRS multiplexing. Therefore, it seems that the CQI/PMI reporting is still reliable in single DL CC case without increment of maximum number of RB and modulation order for CQI-only transmission.

In the case of CQI/PMI reporting for multiple DL CCs, it is seen that the effective coding rate for CQI/PMI reporting gets higher as the number of DL CCs becomes larger due to higher feedback overhead. In addition, the effective coding rate gets even higher if RI, A/N and SRS are multiplexed together with CQI/PMI. Therefore, in order to keep the reliability, the maximum number of RB and modulation order should be increased if CQI/PMI reporting is used for multiple DL CCs.

From the observation result, we can conclude as follows:
· In the case of CQI/PMI report for single DL CC, parameters in Rel-8 (i.e., NPRB<=4 and QPSK) provides sufficient coding rate and capacity to report CQI/PMI information.

· In the case of CQI/PMI report for multi-DL CCs, larger PRB size and higher order modulation format should be introduced to provide sufficient coding rate and capacity. (e.g., NPRB<=8 and 16QAM)
Proposal: Support larger bandwidth (e.g., up to 8RBs) and higher order modulation (i.e., up to 16-QAM) for CQI-only PUSCH transmission in case of multiple DL CCs case.
4. Triggering method for CQI-only PUSCH reporting in Rel-10
In RAN1 #63bis meeting, it is decided that 2-bit CQI request field is defined for triggering of apriodic CQI request. As shown in table 1 in Appendix, when value ‘10’ and ‘11’ is indicated, aperiodic CSI for multi-carrier is triggered. In Rel-10, since introduction of larger bandwidth and higher order modulation is beneficial for better support of multi-carrier, we can consider to adopt large bandwidth and 16-QAM modulation in the case of triggering CQI reporting for multi-carrier as shown in table 3.
Table 3. Example of CQI-only PUSCH transmission triggering
	Value of CSI request field [2]
	NPRB<= X
	Modulation format

	01 : Triggering CSI reporting for single carrier
	4
	IMCS=29 : QPSK

	10, 11: Triggering CSI reporting for multi-carrier
	6 or 8
	IMCS=29 : QPSK  [3]
IMCS=31 : 16QAM


Aperiodic CQI-only PUSCH for single carrier can be triggered by setting IMCS=29, NPRB<=4, and CQI request=01. Also, aperiodic CQI-only PUSCH for multi-carrier can be triggered by setting IMCS=29/31, NPRB<=6(or8), and CQI request=10/11. 

5. Conclusion
In this contribution, we further investigated the necessary of larger bandwidth and higher modulation formation to support large payload in Rel-10. Also, we propose CQI-only PUSCH transmission triggering method. From the discussion and observation, we can conclude as follows:

· For single DL CC case, the same maximum bandwidth (4 RBs) and modulation order (QPSK) are used for CQI-only PUSCH transmission.
· For multiple DL CC case, it is beneficial to support larger maximum bandwidth (e.g., up to 8RBs) and higher order modulation (i.e., 16-QAM) for CQI-only PUSCH transmission.
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Appendix

Table 1. CSI request field for PDCCH with uplink DCI format in UE specific search space [2]

	Value of CSI request field
	Description

	00
	No aperiodic CSI report is triggered

	01
	Aperiodic CSI report triggered for serving cell c

	10
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layer

	11
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layer
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