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1 Introduction
After RAN1#80, the following enhancements on UL control signaling for supporting up to 32 component carriers were discussed in email discussion [80-03]:

· At least the following enhancements to CSI reporting need to be considered/specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports for multiple serving cells

· Multiplexing of periodic CSI reports for multiple serving cells with ACK/NACK feedback

· At least the following enhancements to CSI reporting need to be considered/specified in order to improve the flexibility of aperiodic CSI reporting

· Enhancements to aperiodic CSI triggering and reporting to support up to 32 carriers including more flexible indication of the reported carriers

In this contribution, we show our views on CSI feedback enhancements for Rel-13 CA.

2 Periodic CSI reporting
With up to 32 component carriers, Rel-10/11 TDM based periodic CSI reporting is not appropriate due to the resultant long periodicity. On the other hand, up to 352 periodic CSI bits need to be fed back in one subframe for 32 activated DL CCs. Although new PUCCH format(s) with larger payload size will be introduced [3], it is hardly enough to support up to 352 feedback bits in one PUCCH. In addition, a large amount of feedback bits requires more transmit power on PUCCH, which is not applicable to power-limited UEs.
Generally speaking, the following approaches should be considered to support multiple CCs’ periodic CSI reporting in one subframe for Rel-13 CA:
· Approach 1: Multi-CC periodic CSI reporting in one subframe combined with TDM 

In order to achieve a simple design, multiple CCs’ periodic CSI reporting can be reported based on a TDM approach by dividing the multiple DL CCs into several groups with different subframe offsets of the periodic CSI reporting. The periodic CSI of the DL CC(s) in the same group will be reported in the same subframe.
Taking into account the maximum payload size of PUCCH (PUCCH format 3 or new PUCCH format with a larger payload size), the eNB configuration shall ensure that the total periodic CSI feedback bits of the DL CC(s) in the same subframe will not exceed the maximum payload size of the corresponding PUCCH. Optimally, more DL CCs shall be configured to report periodic CSI in the same subframe if the total number of periodic CSI feedback bits of those DL CCs does not exceed the maximum payload size of PUCCH and there is sufficient UE transmission power, in order to reduce the CSI reporting periodicity of each DL CC. 
Figure 1 shows an example of approach 1 with 8 DL CCs. The DL CCs are divided into 2 groups, and the CSI of each group is reported with 10ms periodicity. 
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Figure 1: Multi-CC periodic CSI reporting in one subframe combined with TDM
· Approach 2: Periodic CSI compression for multiple DL CCs

For approach 2, CSI compression is applied for multiple CCs’ periodic CSI in a subframe when the total periodic CSI payload of multiple DL CCs is larger than a pre-defined value. The following schemes can be used for CSI compression:
Alternative 1: Periodic CSI of some DL CC(s) is dropped.

Periodic CSI of some DL CC(s) is dropped based on DL CC priority and/or CSI reporting type priority, till the remained total CSI payload is within the pre-defined value. The DL CC priority and CSI reporting type priority can follow the definition in Rel-10. 
Alternative 2: Part of periodic CSI of some DL CC(s) is dropped.

CSI reporting types are divided into three groups according to the payload size of each CSI reporting type as shown in Table 1.
For the CSI reporting types in group 1, CSI compression is not needed. As shown in Appendix highlighted in green, up to 4 bits will be fed back for the CSI reporting types in group 1. The maximum payload size of CSI reporting types in group 1 is same as the target number of HARQ-ACK feedback bits when TDD UL-DL configuration 2 and spatial HARQ-ACK bundling are assumed [3].
For the CSI reporting types in group 2, CSI compression is needed. As shown in Appendix highlighted in yellow, up to 11 bits will be fed back for the CSI reporting types in group 2. PMI can be dropped to reduce the reporting payload, since PMI is less important than CQI, and could be obtained from SRS according to channel reciprocity in TDD. In case PMI is dropped, CQI shall be calculated assuming a pre-defined PMI for a UE configured with PMI/RI reporting.  Furthermore, it is also possible to compress the CQI reporting for multi-codeword.
For the CSI reporting types in group 3 as shown in Appendix not highlighted, sub-band CQI compression methods are needed to reduce the CSI payload. 
Table 1:  The CSI reporting type priorities

	Group number
	Reporting type
	Reporting contents

	Group 1
	2a
	wideband first PMI

	
	3
	RI

	
	4
	Wideband CQI

	
	6
	RI / PTI

	Group 2
	2
	wideband CQI/PMI 

	
	2b
	Wideband CQI / second PMI

	
	2c
	Wideband CQI / first PMI / second PMI

	
	5
	RI / first PMI 

	Group 3
	1
	Sub-band CQI

	
	1a
	Sub-band CQI / second PMI


Approach 1 is simple, but the maximum number of DL CCs for periodic CSI reporting in a single UL subframe is limited by the supported payload size of PUCCH. Approach 2 is flexible, at the expense of additional UE behaviors for periodic CSI compression.
Proposal 1: Multi-CC periodic CSI is transmitted based on a TDM approach on PUCCH format 3 or new PUCCH format(s).
3 Aperiodic CSI reporting

In Rel-10 CA, two aperiodic CSI reporting sets of serving cells configured by higher layers are supported. Although the maximum number of configured CCs is 32, it is unclear at this moment on the benefits of more flexible aperiodic CSI reporting for Rel-13 CA. Therefore, we propose that no enhancement to aperiodic CSI is supported unless the need of flexible aperiodic CSI triggering is justified.
Proposal 2: Enhancements on aperiodic CSI triggering are for further study.
4 Conclusions
In this contribution, we discuss CSI transmission to support up to 32 CCs with following proposals:

Proposal 1: Multi-CC periodic CSI is transmitted based on a TDM approach on PUCCH format 3 or new PUCCH format(s).

Proposal 2: Enhancements on aperiodic CSI triggering are for further study.
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6 Appendix
	PUCCH Reporting
 Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP*)
	(bits/BP*)
	(bits/BP*)
	(bits/BP*)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	1a
	Sub-band CQI

 / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA

	
	
	4 antenna ports RI=1
	NA
	8+L
	NA
	NA

	
	
	4 antenna ports 1<RI(4
	NA
	9+L
	NA
	NA

	2
	Wideband

 CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA

	2a
	Wideband

 first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA

	
	
	4 antenna ports 1(RI(2
	NA
	4
	NA
	NA

	
	
	4 antenna ports 2(RI(4
	NA
	NA
	NA
	NA

	2b
	Wideband CQI

 / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA

	
	
	4 antenna ports RI=1
	8
	8
	NA
	NA

	
	
	4 antenna port 1<RI(4
	11
	11
	NA
	NA

	2c
	Wideband CQI

 / first PMI 

/ second PMI
	8 antenna ports RI = 1
	8
	NA
	NA
	NA

	
	
	8 antenna ports 1 < RI ( 4
	11
	NA
	NA
	NA

	
	
	8 antenna ports 4 < RI ( 7
	9
	NA
	NA
	NA

	
	
	8 antenna ports RI = 8
	7
	NA
	NA
	NA

	
	
	4 antenna ports RI=1
	8
	NA
	NA
	NA

	
	
	4 antenna port 1<RI(4
	11
	NA
	NA
	NA

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1
	NA
	NA
	NA

	
	
	4 antenna ports, 4-layer spatial multiplexing
	2
	2
	2
	2

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2
	NA
	NA
	NA

	
	
	8-layer spatial multiplexing
	3
	NA
	NA
	NA

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	

	
	
	4 antenna ports, 2-layer spatial multiplexing
	4
	
	
	

	
	
	4 antenna ports, 4-layer spatial multiplexing
	5
	
	
	

	6
	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA

	
	
	4 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	4 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA
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