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1 Introduction
In RAN1 session #60bis, the following agreements are achieved in ACK/NACK multiplexing.
“Agreement: Exclude from further consideration the following schemes:

· SF reduction to 1

· Multiple simultaneous PUCCH transmission for A/N in multiple non-adjacent PRBs

Working assumption: For FDD, cross-carrier A/N bundling is not supported for the non-power-limited case.
The following is agreed for at least FDD: 

· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimisation shall be for M to N bits where M<N<10

Continue evaluation on this basis until RAN1#61.”
In RAN1 session #61, there is no further agreement achieved in ACK/NACK multiplexing but there are three “Way Forward” contributions [1][2][3] trying to further narrow down the discussion scope in ACK/NACK multiplexing.
This paper discusses three PUCCH designs for carrier aggregation with legacy support and provides our views on the designs in Release 10.
2 Payload Size of ACK/NACK Multiplexing for Carrier Aggregation
In Release 10, maximal number of DL component carriers supported in carrier aggregation is 5 and DL MIMO supports both single layer and dual layer.  For single layer, three states {ACK, NACK, DTX} are required for each component carrier if DTX is explicitly signaled and only two states {ACK, NACK/DTX} are required for if DTX is not explicitly signaled.  For dual layer, five states {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), DTX} are required for each component carriers if DTX is explicitly signaled and only four states {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)} are required if DTX is not explicitly signaled.  Based on the number of DL component carriers which UE has to feedback for and HARQ feedback states required for each component carrier, Table 1 lists all possible payload sizes of ACK/NACK multiplexing for FDD mode and Table 2 lists those values for TDD mode.  For dual layer with spatial bundling, the number of HARQ feedback bits required is the same as that of single layer.
In Release 8/9, PUCCH 1b is applied to carry at most 2-bit ACK/NACK feedback for dual layer in FDD mode while PUCCH 1b with channel selection is applied to carry at most 4-bit ACK/NACK feedback for dual layer in TDD mode.  In Release 10, carrier aggregation is supported to aggregate more than one component carriers to provide higher throughput for an UE so large payload size of ACK/NACK multiplexing in one PUCCH is inevitable.  There are already six techniques (channel selection, ACK/NACK bundling, SF reduction, NxPUCCH Tx, PUCCH format 2 basis, DFT-S-OFDM basis) proposed to increase the capacity of PUCCH to accommodate the large payload.  Before further evaluation on different techniques, how many different formats/modes of PUCCH needs to be supported for carrier aggregation in Release 10 is suggested to be discussed first so that the group can have a better understanding about the requirements of new or enhanced PUCCH format design.  For example, if only one  PUCCH format is needed for carrier aggregation, it has to meet the requirement to accommodate up to 10 bits in FDD.  With this requirement, some techniques which are not able to provide a capacity of up to 10 bits can be excluded so that the scope of PUCCH design for carrier aggregation is narrowed down naturally.
Table 1－ Maximal payload sizes of ACK/NACK multiplexing required in FDD mode
	　
	With Explicit DTX State
	Without Explicit DTX State

	
	Single Layer
	Dual Layer
	Single Layer
	Dual Layer

	HARQ Feedback for
	One DL Component Carrier
	2 bits
	3 bits
	1 bit
	2 bits

	
	Two DL Component Carriers
	4 bits
	5 bits
	2 bits
	4 bits

	
	Three DL Component Carriers
	5 bits
	7 bits
	3 bits
	6 bits

	
	Four DL Component Carriers
	7 bits
	10 bits
	4 bits
	8 bits

	
	Five DL Component Carriers
	8 bits
	12 bits
	5 bits
	10 bits


Table 2－ Maximal payload sizes of ACK/NACK Multiplexing required in TDD mode

	　
	With Explicit DTX State
	Without Explicit DTX State

	
	Single Layer
	Dual Layer
	Single Layer
	Dual Layer

	HARQ Feedback for
	One DL Component Carrier
	7 bits
	10 bits
	4 bit
	8 bits

	
	Two DL Component Carriers
	13 bits
	19 bits
	8 bits
	16 bits

	
	Three DL Component Carriers
	20 bits
	28 bits
	12 bits
	24 bits

	
	Four DL Component Carriers
	26 bits
	38 bits
	16 bits
	32 bits

	
	Five DL Component Carriers
	32 bits
	47 bits
	20 bits
	40 bits


3 PUCCH Designs for Carrier Aggregation in Release 10
There are three possible PUCCH designs for carrier aggregation with legacy support so far.
Design #1: [4]
· Release 8/9 (legacy) mode
· Scenarios:

· For UEs which do not have the capability of carrier aggregation (Release 8/9 UEs)
· For UEs which have the capability of carrier aggregation with one component carrier configured only (Release 10 UEs)

· UE transmits HARQ feedback based on PUCCH designs in Release 8/9
· Number of HARQ feedback bits ≦ 2 in FDD and 4 in TDD
· Carrier aggregation (CA) mode

· Scenarios:
· For UEs which have the capability of carrier aggregation with more than one CC configured and detect PDCCHs of SCC (Release 10 UEs)
· UE transmits HARQ feedback based on CA mode design
· Number of HARQ feedback bits ＞ 2 in FDD and 4 in TDD

· Fall-back mode

· Scenario:

· For UEs which have the capability of carrier aggregation with more than one CC configured but detect PDCCH of PCC only

· UE transmits HARQ feedback based on PUCCH designs in Release 8/9
· Number of HARQ feedback bits ≦ 2 in FDD and 4 in TDD

· Pros & Cons

· Pros:
· Since aggregating two component carriers is the most common scenario in the future, fall-back mode can help to improve the uplink resource utilization efficiency.

· Cons:

· eNodeB has to blindly decode two PUCCH formats if more than one component carrier is configured.  This not only increases the decoding complexity but also induces higher detection error
Design #2: [2][3]
· Release 8/9 (legacy) mode
· Scenarios:

· For UEs which do not have the capability of carrier aggregation (Release 8/9 UEs)

· For UEs which have the capability of carrier aggregation with one component carrier configured only (Release 10 UEs)

· UE transmits HARQ feedback based on PUCCH designs in Release 8/9
· Number of HARQ feedback bits ≦ 2 in FDD and 4 in TDD

· Carrier aggregation with small payload size (CA-S) mode
· Scenarios:
· For UEs which have the capability of carrier aggregation with more than one component carrier configured and require up to N bits for HARQ feedback (N = 3, 4 or 5)
· UE transmits HARQ feedback based on enhanced Release 8/9 PUCCH designs (for example, enhanced channel selection)
· Number of HARQ feedback bits ≦ N in both FDD and TDD
· Carrier aggregation with large payload size (CA-L) mode

· Scenarios:
· For UEs which have the capability of carrier aggregation with more than one component carrier configured and require more than N bits for HARQ feedback (N = 3, 4 or 5)
· UE transmits HARQ feedback based on CA-L mode design
· Number of HARQ feedback bits ≧ N in both FDD and TDD
· Pros & Cons

· Pros:
· Since aggregating two component carriers is the most common scenario in the future, CA-S mode can help to alleviate the degradation of uplink resource utilization efficiency.

· Cons:

· eNodeB has to blindly decode two PUCCH formats if more than one component carrier is configured.  This not only increases the decoding complexity but also induces higher detection error
Design #3: 
· Release 8/9 (legacy) mode

· Scenarios:

· For UEs which do not have the capability of carrier aggregation (Release 8/9 UEs)

· For UEs which have the capability of carrier aggregation with one component carrier configured only (Release 10 UEs)

· UE transmits HARQ feedback based on PUCCH designs in Release 8/9
· Number of HARQ feedback bits ≦ 2 in FDD and 4 in TDD
· Carrier aggregation (CA) mode

· Scenarios:

· For UEs which have the capability of carrier aggregation with more than one CC configured (Release 10 UEs)
· UE transmits HARQ feedback based on CA mode design
· Number of HARQ feedback bits ≧ 1 in both FDD and TDD
· Pros & Cons

· Pros:

· No blind decoding is needed in eNodeB and thus no degradation of detection error rate.
· Cons:

· Due to the utilization of new format, the uplink resource utilization efficiency may degrade.
Though Design #1 and Design #2 may have better radio resource utilization efficiency, Design #3 has the merit of simple encoding/decoding procedure and no degradation of detection error rate due to possible blind decoding.  In addition, even though aggregating two component carriers is the most common scenario in the future, there are half of cases that UE detects PDCCH of SCC and UE still needs to feedback ACK/NACK for both PCC and SCC in order to maintain high reliability in PCC when UE detects PDCCH in one component carrier only.  The uplink resource utilization efficiency might not improve so significantly as expected if the PUCCH ACK/NACK format/mode switching depend on PDCCH detection results.  However, Design #3 requires CA mode format to accommodate all possible bit numbers of HARQ feedback (from 1 bit to 10/20 bits) and the performance of CA mode design for 1/2 bit HARQ feedback is also required to be comparable to Release 8/9 designs.  From the evaluation in RAN1 Session #61, this kind of design is possible.  In addition, compared to Design #1, Design #2 requires more standardization efforts due to two new modes for carrier aggregation.  Therefore, it is suggested to simplify the design by adding only one additional new/enhanced format for carrier aggregation in Release 10 and further investigate if it is beneficial to make PUCCH ACK/NACK feedback format switching in Release 10 depend on PDCCH detection results.
4 Conclusion
This paper discusses three possible PUCCH designs for carrier aggregation with legacy support in Release 10.  To simplify the design and minimize the standardization efforts, it is suggested to limit the number new/enhanced formats for carrier aggregation to one in Release 10 and further investigate if it is beneficial to make PUCCH ACK/NACK feedback format switching in Release 10 depend on PDCCH detection results.
Proposal 1: Limit the number of new/enhanced formats for carrier aggregation to one only in Release 10.
Proposal 2: To further investigate if it is beneficial to make PUCCH ACK/NACK feedback format switching in Release 10 depend on PDCCH detection results.
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