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Introduction
In RAN1#81, periodic CSI reporting for Rel-13 CA was discussed with following agreements:
Agreements:
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability
· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 
In RAN1#82, periodic CSI reporting for Rel-13 CA was discussed with following agreements:
Agreements:
· The PUCCH format with PUSCH-like structure can be used to carry
· P-CSIs for multiple serving cells
· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
·  FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits
In this contribution, we show our views on periodic CSI feedback enhancements for Rel-13 CA.
Discussion
1.1 New PUCCH format to support periodic CSI with/without HARQ-ACK
In RAN1#82, it was agreed that new PUCCH format with PUSCH-like structure can be used for multiple periodic CSI reports.  Hence,  the new PUCCH format resource could be configured semi-statically for periodic CSI reports. New PUCCH format can use a range of spreading factors to support different payload sizes [1].  Payload size less than 22 bits can also be supported by the new PUCCH format with an appropriate spreading factor.  
Proposal 1: The resource of new PUCCH format for periodic CSI report could be semi-statically configured independently from the resource of new PUCCH format for HARQ-ACK. 
According to the simulation results in [2], up to 160 or 176 UCI bits can be supported in a PRB by the new PUCCH format targeting 1% BLER, at least for small cell scenario. The new PUCCH format has the capacity for large number of HARQ-ACK bits transmission and multiplexing of multi-CC periodic CSI reports and HARQ-ACK bits. 
Proposal 2: New PUCCH format should also be used for multiplexing of multi-CC periodic CSI reporting and HARQ-ACK in a subframe when simultaneous transmission of periodic CSI and HARQ-ACK is enabled.
In Rel-11, multi-CC HARQ-ACK and single-CC periodic CSI can be transmitted by PUCCH format 3 in the condition of the total number of UCI bits less than the maximum supported PUCCH 3 payload size (i.e. 22 bits). Same principle should be used in Rel-13 to have periodic CSI reports along or multiplexing with HARQ-ACK bits carried by the new PUCCH format within its capacity limit. Since the number of PRBs for new PUCCH format is not limited to 1, the capacity of new PUCCH format could be configurable based on the number of PRBs configured for the new PUCCH format. The maximum PUCCH payload size should be semi-configured per UE according to the UE’s channel condition, the number of configured CCs, TDD UL-DL configurations and UCI multiplexing to improve the UCI transmission efficiency [2].
Proposal 3: The maximum PUCCH payload size should be UE specifically configured by the eNB, at least for multiplexing of multi-CC periodic CSI reports with/without HARQ-ACK.
1.2 Periodic CSI dropping
The set of higher-layer configuration parameters for periodic CSI reports should be independently configured for each DL component carrier. When the total number of periodic CSI reports bits of multiple DL CCs is not larger than the capacity of new PUCCH format or the remaining capacity while multiplexing with  HARQ-ACK bits,  multiple  periodic CSI reports  can be transmitted without any dropping. Otherwise, the following dropping rule  can be considered.:
· Alt 1: Periodic CSI reports of selected DL CC(s) are dropped.
Periodic CSI of selected CC(s) is dropped based on DL CC priority and/or CSI reporting type priority, till the remained total CSI payload does not exceed the configured capacity of new PUCCH format. The DL CC priority and CSI reporting type priority can follow the rules defined in Rel-10. 
· Alt 2: Part of periodic CSI reports of selected  DL CC(s) are dropped.
CSI reporting types can be 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., eNB would assume the CQI being  calculated based on last received PMI or a pre-defined PMI. 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


With Alt 2, more DL CCs’ CSI information can be transmitted at the expense of additional UE behaviors for periodic CSI compression.
Proposal 4: Rel-10 DL CC priority and CSI reporting type priority are reused for Rel-13 multi-CC periodic CSI reporting.
1.3 Coding for simultaneous transmission of HARQ-ACK and periodic CSI
For simultaneous transmission of HARQ-ACK and periodic CSI with new PUCCH format, the following two coding schemes can be considered:
· Alt 1: Joint coding
· Alt 2: Separate coding
For separate coding, HARQ-ACK and periodic CSI are encoded separately. Since the HARQ-ACK and periodic CSI have different performance requirements, separate coding can be more reliable than joint coding by controlling the coding rates for HARQ-ACK and periodic CSI separately. This however requires further evaluation on the number of REs allocated to HARQ-ACK and the number of REs allocated to periodic CSI. It is difficult to obtain the proper RE partition between HARQ-ACK and periodic CSI considering the different payload sizes of HARQ-ACK and periodic CSI, at different radio channel conditions. Hence, joint coding is a simple and direct option to reuse the existing coding scheme for the concatenation sequence of HARQ-ACK and periodic CSI.
Proposal 5: Joint coding should be used for simultaneous transmission of HARQ-ACK and periodic CSI with new PUCCH format.
1.4 Resource for simultaneous transmission of HARQ-ACK and periodic CSI
Since new PUCCH format is supported for HARQ-ACK and periodic CSI, both the PUCCH resource for HARQ-ACK and the PUCCH resource for periodic CSI can be considered to support simultaneous transmission of HARQ-ACK and periodic CSI with new PUCCH format.
· Option 1: PUCCH resource for HARQ-ACK is used
· Option 2: PUCCH resource for periodic CSI is used
[bookmark: _GoBack]Since PUCCH resource for periodic CSI is semi-statically configured, if the configured UE does not use the PUCCH resource for periodic CSI in the periodic CSI reporting subframe, other UEs cannot use the resource either. Therefore, using PUCCH resource for periodic CSI to transmit periodic CSI and HARQ-ACK together seems a straightforward option. However, there might be ambiguity on the total number of UCI between UE and eNB if all DL grants are missed. This may lead to wrong detection of UCI at eNB side since joint coding is used for periodic CSI and HARQ-ACK. One possible method to resolve this ambiguity is to always assume a fixed number of ACK/NAK bits transmitted with periodic CSI. This however deviates from the dynamic HARQ-ACK codebook size and reduces the coding efficiency, which leads to inefficient utilization of REs and degraded performance of periodic CSI only transmission.
There is no ambiguity caused by DL grant missing by using PUCCH resource for HARQ-ACK for the simultaneous transmission of periodic CSI and HARQ-ACK since different PUCCH resource will be used according to whether there is HARQ-ACK or not in the periodic CSI reporting subframe. If UE does not receive any DL grant,  periodic CSI reporting only is transmitted on the PUCCH resource for periodic CSI. Once eNB detects PUCCH transmission on the PUCCH resource for HARQ-ACK in the periodic CSI reporting subframe, then both HARQ-ACK and periodic CSI are transmitted. One disadvantage for option 1 is that when PUCCH format 1a/1b resource is used for HARQ-ACK transmission, simultaneous transmission of HARQ-ACK and periodic CSI cannot be supported by new PUCCH format on PUCCH resource for HARQ-ACK. However, in this case, simultaneous transmission of HARQ-ACK and periodic CSI can be supported on PUCCH resource for periodic CSI, i.e. by using PUCCH format 2 to carry single CC periodic CSI and 1 or 2 bits HARQ-ACK as defined for PUCCH format 3, or by using new PUCCH on PUCCH resource for periodic CSI to carry multi-CC periodic CSI and 1 or 2 bits HARQ-ACK. It should be noticed that 1 or 2 bits HARQ-ACK will be always assumed when multi-CC periodic CSI reporting is transmitted using new PUCCH format on the PUCCH resource for periodic CSI regardless the existence of HARQ-ACK, so as to avoid the ambiguity as analyzed for option 2.
Hence, based on the considerations above, we have the following proposal:
Proposal 6: New PUCCH resource for HARQ-ACK should be used for the simultaneous transmission of HARQ-ACK and periodic CSI.
Conclusions
In this contribution, we discuss periodic CSI transmission to support up to 32 CCs with following proposals:
Proposal 1: New PUCCH resource for periodic CSI should be semi-statically configured separately from the new PUCCH resource for HARQ-ACK.
Proposal 2: New PUCCH format should also be used for multiplexing of multi-CC periodic CSI reporting and HARQ-ACK in a subframe when simultaneous transmission of periodic CSI and HARQ-ACK is enabled.
Proposal 3: The maximum PUCCH payload size should be UE specifically configured by the eNB, at least for multiplexing of multi-CC periodic CSI reports with/without HARQ-ACK.
Proposal 4: Rel-10 DL CC priority and CSI reporting type priority are reused for Rel-13 multi-CC periodic CSI reporting.
Proposal 5: Joint coding should be used for simultaneous transmission of HARQ-ACK and periodic CSI with new PUCCH format.
Proposal 6: New PUCCH resource for HARQ-ACK should be used for the simultaneous transmission of HARQ-ACK and periodic CSI.
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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<RI4
	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 1RI2
	NA
	4
	NA
	NA

	
	
	4 antenna ports 2RI4
	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<RI4
	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<RI4
	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





6

