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1 Introduction
In RAN1#68bis, the following was agreed for periodic CSI transmission [1]:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI
Based on the discussion in RAN1#68bis, PUCCH format 3 and periodic PUSCH are the two candidate solutions to support multiple DL CCs’ periodic CSI reporting in one subframe. In case of aggregating 5 DL CCs, up to 55 bits of periodic CSI need to be transmitted in one subframe, which requires a transmission method with larger payload size and higher transmit power. In this contribution, we share our views on periodic CSI reporting for multiple CCs in one subframe by using PUCCH format 3 in Rel-11.
2 Discussion 
In LTE-A carrier aggregation system, multiple DL CCs’ periodic CSI reporting may occur in one subframe when a UE is configured with more than one DL CC. Up to 55 periodic CSI bits shall be fed back in one subframe with 5 activated DL CCs, which exceeds the max payload size of current PUCCH formats. In addition, larger amount of feedback bits requires more transmit power on PUCCH, which is not applicable to power-limited UEs.
Generally speaking, the following options shall be considered to support periodic CSI reporting for multiple DL CCs in one subframe using PUCCH format 3:
Approach 1: PUCCH format 3 with multi-CC periodic CSI based on the max payload size

This approach requires that CSI compression is applied for multiple DL CCs’ periodic CSI in a subframe when the total periodic CSI payload of multiple DL CCs is larger than the max payload size of PUCCH format 3. More specifically, multiple DL CCs’ periodic CSI transmission can be described as follows:

· UE first compares the total periodic CSI payload of multiple DL CCs with the max payload size of PUCCH format 3, i.e. 22 bits.

· If the total periodic CSI payload of multiple DL CCs is not larger than the max payload size, these multiple DL CCs’ periodic CSI can be transmitted together in one subframe.

· Otherwise, CSI reporting type priority in Rel-10 [2]

 REF _Ref323388714 \r \h 
[3] shall be reused to drop CSI:

· The periodic CSI of DL CC(s) with lower CSI reporting type priority shall be dropped first, until the remaining total periodic CSI payload is within the max payload size. 
· In case multiple DL CCs with the same CSI reporting type priority, the periodic CSI of DL CC(s) shall be dropped one by one from the larger CC index to the lower CC index.
Approach 2: PUCCH format 3 with up to two DL CCs’ periodic CSI
This approach requires that CSI compression is applied for multiple DL CCs’ periodic CSI in a subframe when there are more than two DL CCs with periodic CSI in the same subframe. Only up to two DL CCs’ periodic CSI can be transmitted in one subframe using PUCCH format 3 without considering the max payload size. More specifically, multiple DL CCs’ periodic CSI transmission can be described as follows:

· UE shall select the periodic CSI of two DL CCs using the following rules if more than two DL CCs are configured to report periodic CSI in the same subframe. CSI reporting type priority in Rel-10 [2]

 REF _Ref323388714 \r \h 
[3] shall be reused to select two DL CCs:
· The periodic CSI of DL CC(s) with higher CSI reporting type priority shall be first selected for transmission in the current subframe, and other DL CCs’ periodic CSI shall be dropped.
· In case multiple DL CCs with the same CSI reporting type priority, the periodic CSI of DL CC(s) shall be selected from the lower CC index to the larger CC index.
Approach 3: PUCCH format 3 with TDM based multi-CC periodic CSI by eNB configuration
In order to achieve a simple design, multiple DL 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. The eNB configuration should ensure that the total periodic CSI feedback bits of the DL CC(s) with CSI reporting in the same subframe will not exceed 22 bits. Optimally, more DL CCs shall be configured to report periodic CSI in the same subframe if the total periodic CSI feedback bits of those DL CCs will not exceed the max payload size of PUCCH format 3, so as to reduce the CSI reporting periodicity of each DL CC. 
As shown in Figure 1, for a scenario with 4 DL CCs, the CSI of each DL CC can be reported with a 10ms periodicity based on a TDM approach, with an assumption of 1 UL subframe in each half radio frame used for periodic CSI reporting and a max CSI feedback bits of 11 bits for each DL CC’s CSI reporting type. In case of more UL subframes in each radio frame available for periodic CSI reporting or less CSI feedback bits of each DL CC’s CSI reporting type, the CSI reporting periodicity of each DL CC can be smaller. 
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Figure 1: Configuration of Rel-11 periodic CSI reporting CSI
3 Tradeoff analysis

The proposed approaches for periodic CSI reporting in Section 2 can be applied to all scenarios for a UE configured with DL carrier aggregation by reusing PUCCH format 3. For approach 1 and 2, additional UE behaviors for periodic CSI compression shall be specified, and it is a straightforward extension of the Rel-10 design to allow multiple DL CCs periodic CSI feedback in a subframe, considering that the priority in Rel-10 is reused to determine which DL CCs’ periodic CSI shall be transmitted. Compared with approach 2, more flexibility can be achieved in approach 1 without the limitation on the number of DL CCs for periodic CSI reporting in one subframe. That is, with approach 1, for a CA UE with 5 DL CCs aggregation, up to 5 DL CCs’ periodic CSI can be transmitted in one subframe using PUCCH format 3 in case of the total CSI bits of 5 DL CC does not exceed the max payload size. This is particularly useful for periodic CSI reporting mode with less feedback information bits, e.g. periodic CSI reporting mode 1-0. However, at most two DL CCs’ periodic CSI be transmitted in one subframe with approach 2, even if the periodic CSI feedback of each DL CC is no more than 4 bits, which may result in an unnecessarily low coding rate. For approach 3, no additional specification is needed and UE implementation is simple, which on the other hand relies on eNB’s correct configuration and hence leaves all burdens to eNB. 
4 Conclusions
In this contribution, we discuss approaches for multi-CC periodic CSI reporting in one subframe using PUCCH format 3. Our preference is to adopt approach 1, i.e.
· UE compares the total periodic CSI payload of multiple DL CCs with a max payload size;

· If the total periodic CSI payload of multiple DL CCs is not larger than the max payload size, these multiple DL CCs’ periodic CSI shall be transmitted together in one subframe;

· Otherwise, CSI reporting type priority in Rel-10 shall be reused to drop some DL CC(s)’ periodic CSI.
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6 Appendix
	PUCCH Format
	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)

	
	
	
	CQI
	PMI
	Total bits
	CQI
	PMI
	Total bits
	
	

	1
	Sub-band

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

	
	
	RI > 1
	
	
	NA
	7+L
	
	7+L
	NA
	4+L

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	NA
	NA
	4+L
	4
	8+L
	NA
	NA

	
	
	8 antenna ports 1 < RI < 5
	NA
	NA
	NA
	7+L
	2
	9+L
	NA
	NA

	
	
	8 antenna ports RI > 4
	NA
	NA
	NA
	7+L
	0
	7+L
	NA
	NA

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	4
	2
	6
	4
	2
	6
	NA
	NA

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

	
	
	2 antenna ports RI > 1
	7
	1
	8
	7
	1
	8
	NA
	NA

	
	
	4 antenna ports RI > 1
	7
	4
	11
	7
	4
	11
	NA
	NA

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	
	NA
	NA
	
	4
	4
	NA
	NA

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

	
	
	8 antenna ports RI = 8
	
	NA
	NA
	
	0
	0
	NA
	NA

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	4
	4
	8
	4
	4
	8
	NA
	NA

	
	
	8 antenna ports 1 < RI < 4
	7
	4
	11
	7
	4
	11
	NA
	NA

	
	
	8 antenna ports RI = 4
	7
	3
	10
	7
	3
	10
	NA
	NA

	
	
	8 antenna ports RI > 4
	7
	0
	7
	7
	0
	7
	NA
	NA

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	4
	4
	8
	-
	-
	-
	NA
	NA

	
	
	8 antenna ports 1 < RI ( 4
	7
	4
	11
	-
	-
	-
	NA
	NA

	
	
	8 antenna ports 4 < RI ( 7
	7
	2
	9
	-
	-
	-
	NA
	NA

	
	
	8 antenna ports RI = 8
	7
	0
	7
	-
	-
	-
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	
	
	1
	
	
	1
	1
	1

	
	
	4-layer spatial multiplexing
	
	
	2
	
	
	2
	2
	2

	
	
	8-layer spatial multiplexing
	
	
	3
	
	
	3
	NA
	NA

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

	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
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