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1 Introduction
In LTE-A Rel-10, the following were agreed for periodic CSI transmission [1] [2]:

· When simultaneous PUCCH + PUSCH is not configured
· Periodic CSI is reported for only one DL component carrier (CC) in one subframe
· For which DL CC is determined according to a priority
· Prioritise between CCs based on reporting mode/type
· 1st (=Top) priority: Types 3, 5, 6, 2a
· 2nd priority: Types 2, 2b, 2c, 4
· 3rd priority: Types 1, 1a
· The CQI/PMI/RI reporting priorities among the serving cells when the reporting mode/types are the same are determined based on the serving cell indices, i.e. ServCellIndex. Report priority for a cell decreases as the corresponding serving cell index increases
· The same priority rule applies to both the case without PUSCH and the case with PUSCH
· CSI for other DL component carriers is dropped

· For the determined DL CC, the same Rel-8 procedure in case of collision between RI, wideband CQI/PMI, subband CQI for the same CC applies
· In case of only periodic CSI (without A/N) 

· When no PUSCH is available, reporting is done as in Rel-8 on PUCCH
· When PUSCH is available, reporting is done as in Rel-8 on PUSCH

· In case of collision between multi-CC A/N and periodic CSI on PUCCH
· If the parameter simultaneousAckNackAndCQI is TRUE and UE receives PDSCH on the PCell only
· Rel-8 behaviour applies
· Otherwise, the periodic CSI is dropped
· When simultaneous PUCCH + PUSCH is configured
· CSI is transmitted on PUSCH and ACK/NACK (possibly multiple bits) is transmitted on PUCCH using the configured PUCCH format

Generally speaking, periodic CSI reporting for multiple CCs in one subframe is not supported in Rel-10 [3], which increases the periodic CSI reporting latency. In addition, simultaneous periodic CSI and multi-CCs ACK/NACK transmission on PUCCH is not supported in Rel-10, which reduces the periodic CSI reporting probability. In this contribution, we share our views on periodic CSI reporting for multiple CCs in one subframe 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. In order to achieve a simple design, it is only supported to report periodic CSI of one DL CC in one subframe in Rel-10. This design essentially requires that periodic CSI reporting for multiple DL CCs is based on a TDM approach, which may be adequate for Rel-10 optimizing for aggregating 2 DL CCs. However, with more DL CCs aggregated, the TDM approach by configuring different subframe offsets of the periodic CSI reporting for DL CCs will greatly increase the periodic CSI reporting latency of each DL CC. In addition, the TDM based approach effectively increases the PUCCH overhead because multiple DL CCs’ periodic CSI needs to separately be transmitted in multiple subframes. 
The Rel-10 design also requires that periodic CSI is dropped when colliding with multi-CC ACK/NACK on PUCCH. For a UE configured with carrier aggregation for DL, it is expected to receive significant amount of PDSCH transmissions, which requires ACK/NACK to be fed back in almost all UL subframes. Especially for TDD where a limited number of UL subframes exist per radio frame, it may be not possible for the UE to report periodic CSI of any DL CC due to ACK/NACK feedback. The Rel-10 design thus leads to frequent or even all periodic CSI dropping.
Considering that eNB needs the channel state information of the DL CCs for PDSCH scheduling, CSI dropping or larger CSI reporting periodicity will impact the DL transmission performance as shown in [4][5]. Thus, it is not desirable to have periodic CSI dropped frequently. The Rel-10 design shall be improved in Rel-11 to support multiple DL CCs’ periodic CSI reporting in one subframe, which provides the following benefits:
· Reduced periodic CSI reporting latency
· Reduced PUCCH overhead
· Reduced probability of periodic CSI colliding with multi-CC ACK/NACK
Based on the above discussion, we have the following proposal:

Proposal 1: Multiple DL CCs’ periodic CSI reporting in one subframe shall be supported in Rel-11.
Due to CSI payload size limitation of the current PUCCH format, the following approaches shall be considered to support periodic CSI reporting for multiple DL CCs in one subframe:
Approach 1: Periodic CSI compression for multiple DL CCs
Approach 2: New PUCCH format with larger payload size for periodic CSI reporting of multiple DL CCs
Approach 3: Periodic PUSCH for periodic CSI reporting of multiple DL CCs
2.1 Multiple DL CCs’ periodic CSI compression methods
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 a pre-defined value. 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 a pre-defined value.
· The pre-defined value shall be set according to the allowed maximum payload size of the PUCCH format used for CSI transmission.
· If the total periodic CSI payload of multiple DL CCs is not larger than the pre-defined value, these multiple DL CCs’ periodic CSI can be transmitted together in one subframe.
· Otherwise, CSI compression is applied to ensure that the total periodic CSI payload after compression is within the pre-defined value.
When the total periodic CSI payload of multiple DL CCs is larger than the pre-defined value, the CSI compression schemes may be designed as follows:
· Alternative 1: Periodic CSI of some DL CC(s) shall be 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 periodic CSI of DL CC with lower priority or lower CSI reporting type priority shall be dropped.

· 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) shall be dropped according to the payload size of each CSI reporting type.
· 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 may be not needed. As shown in Appendix highlight by green, the maximum payload size of these CSI reporting types is limited by 4. Up to five DL CCs’ periodic CSI can be transmitted together by PUCCH format 3.
· For the CSI reporting types in group 2, CSI compression is needed since the maximum payload size of these CSI reporting types is 11 bits as shown in Appendix highlighted by yellow. PMI can be dropped to reduce the reporting payload size, since PMI may be less important for CQI. 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, some sub-band CQI compression methods may be needed to reduce the CSI payload. 
The design of alternative 1 is a natural extension of the Rel-10 design to allow multiple DL CCs periodic CSI feedback in a subframe, in the sense that a priority is used to determine which DL CCs’ periodic CSI shall be transmitted. Alternative 2 on the other hand may provide additional flexibility in terms which DL CC and what periodic CSI reporting is fed back. Overall, we have the following proposal:
Proposal 2: CSI compression methods shall be studied to support multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
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


2.2 New PUCCH format for CSI reporting with larger payload size
Different from approach 1 which focuses on periodic CSI compression to fit into a payload size of a PUCCH format, approach 2 aims to allow a PUCCH format with a larger payload for transmission of periodic CSI. In Rel-10, periodic CSI is transmitted with PUCCH format 2/2a/2b with 20 coded bits. In Rel-11, it is possible to allow PUCCH format 3 for transmission of periodic CSI, which supports 48 coded bits in a subframe. It is beneficial to consider a new PUCCH format providing even larger payload sizes than PUCCH format 3. An example is shown in Figure 1, where [D1, D2, D3, D4] are the corresponding CSI data symbols and [w1, w2, w3] is a length 3 orthogonal cover sequence. Each CSI data symbol Di contains 24 coded bits, providing 96 coded bits per subframe for transmission of periodic CSI. The multiplexing capacity is determined by the length of the orthogonal cover sequence, i.e. 3 as shown in Figure 1. Thus, we have the following proposal:
Proposal 3: New PUCCH format with larger payload size shall be studied for multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
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Figure 1 Extended PUCCH format 3 with SF reduction
2.3 Periodic PUSCH for periodic CSI reporting
Another approach is to use a periodic PUSCH to transmit multiple DL CCs’ periodic CSI together in one subframe. As shown in Figure 2, where [D1, …, D12] are the corresponding CSI data symbols. Each CSI data symbol Di contains 24 coded bits, providing 288 coded bits per subframe, which is sufficient for up to 5 DL CCs’ periodic CSI transmission. However, without orthogonal cover sequences in time domain for the CSI data symbols, the multiplexing capacity in one PRB of this approach is only 1 UE, which greatly increases the UL overhead. It shall be noted that periodic PUSCH can be viewed as a special case of the extended PUCCH format 3 with SF = 1. Table 2 shows the multiplexing capacity of different approaches for reporting multiple DL CCs’ periodic CSI. Since UL control overhead is an essential factor to consider for UL control channel design, we have the following proposal:
Proposal 4: The adopted scheme for multiple DL CCs’ periodic CSI reporting shall consider both the payload size and the multiplexing capacity in Rel-11.
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Figure 2 Periodic PUSCH structure for periodic CSI reporting
Table 2:  Comparison on multiplexing capacity of different approaches
	Approaches
	Multiplexing capacity per PRB

	PUCCH format3
	5

	Extended format 3 with SF=3
	3

	Extended format 3 with SF=2
	2

	Periodic PUSCH
	1


3 Tradeoff analysis

The proposed enhancements on periodic CSI reporting in Section 2 apply to all scenarios where a UE is configured with DL carrier aggregation. The primary impacts are on RAN1 specifications where additional UE behaviors for periodic CSI reporting shall be specified. For the periodic CSI compression schemes in Section 2.1 and Section 2.3, no new PUCCH format needs to be defined, while the proposal in Section 2.2 requires a new PUCCH format. RAN4 specification impact on performance requirements is foreseen for all possible enhancements in Section 2, since it is likely that either PUCCH format 3 or a new PUCCH format shall be used for the transmission of periodic CSI. Some limited impact on RAN2 ASN.1 specification is required to allow possible configurations of the different periodic CSI transmission schemes. 
4 Conclusions
In this contribution, we discuss the periodic CSI reporting for multiple DL CCs in one subframe in LTE-A Rel-11 with the following proposals:
Proposal 1: Multiple DL CCs’ periodic CSI reporting in one subframe shall be supported in Rel-11.
Proposal 2: CSI compression methods shall be studied to support multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
Proposal 3: New PUCCH format with larger payload size shall be studied for multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
Proposal 4: The adopted scheme for multiple DL CCs’ periodic CSI reporting shall consider both the payload size and the multiplexing capacity in Rel-11.
5 References
[1]. Draft Report RAN1#63bis, Dublin, Ireland, 17-21 January, 2011
[2]. Draft Report RAN1#64, Taipei, Taiwan, 21-25 February, 2011
[3]. 3GPP TS 36.213, v10.3.0
[4]. R1-112939, “Impact on downlink performance with Rel-10 CA CSI mechanisms,” CATT, Zhuhai, China, 10-14 October, 2011
[5]. R1-120084, “Impact on DL throughput with Rel-10 periodic CSI feedback,” CATT, Dresden, Germany, 6-10 February, 2012
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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