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1
Introduction
In LTE Rel-10, up to 5 component carriers can be configured in the DL. As a result, up to 10 ACK/NACK bits have to be fed back in the uplink to support the PDSCH transmission in each active DL carrier. Various schemes have been proposed to multiplex those ACK/NACK bits including:
· PUCCH format 1b with SF reduction to 2 [1]
· Channel resource selection [2]
· can be used together with PUCCH format 1b with SF reduction to 2

· PUCCH format 2 [3]
· DFT-S-OFDM with time-domain OCC multiplexing [4]
From the link-level performance comparisons of those candidate A/N multiplexing schemes in [5], it is clear that the optimum scheme is different for different payload sizes.  For example, PUCCH format 1b based schemes are optimal for up to 6 ACK bits. While for 8 ACK bits and beyond, PUCCH format 2 or DFT-S-OFDM based approaches turn to be better. 
At the UE side, the number of ACK/NACK bits the UE determines to feed back, which is derived from the number of detected PDCCHs with assigned PDSCH transmissions, could be different given different imperfect PDCCH reception and hence different DTX detection outcomes. This could lead the UE to select different ACK/NACK multiplexing schemes. In case that the UE misses one or more DL assignments, the ACK/NACK feedback could become useless because of the mismatch between the assumptions at the UE transmission and the eNB reception. 
Alternatively, the UE should be configured to transmit UL ACK with a PUCCH format in accordance to the  number of configured DL CCs irrespective of the number of scheduled CCs at a given subframe. 

In our opinion, the extensive link performance studies carried out between RAN1#61 and RAN1#61bis to choose the optimal PUCCH format for different number of UL-ACK bits becomes quite irrelevant if the PUCCH format to convey multi-bit ACK is semi-statically configured from the number of configured DL CCs as we would be using the PUCCH format necessary for the number of configured DL CCs which may be significantly larger than the actual number of UL ACK bits that are to be conveyed in a given subframe.
In this contribution, we provide some designs to allow the UE to be able to determine the number of ACK/NACK bits to feed back correctly even in case of missing some DL assignments, which will enable the UE to determine the most efficient ACK/NACK multiplexing scheme.
2
Discussion
2.1 
Problem Foreseen
Assume that one UE is configured with 4 active DL CCs and, in subframe: n, there is one PDCCH assignment scheduling corresponding PDSCH in each DL CC. Furthermore, we can assume the PDSCH transmission in subframe: n in each DL CC is of multiple spatial layers. If the UE detects all the PDCCH assignments in all the configured active DL CCs in subframe: n, then the UE will perform the following correct procedures in subframe: n+4:

· select ACK/NACK multiplexing scheme A to feed back 8 ACK/NACK bits (assuming full spatial feedback)
· ( b1, b2) for CC-1, ( b3, b4) for CC-2, (b5, b6) for CC-3, (b7, b8) for CC-4
· from [5], scheme A could be PUCCH format 2 based scheme
However, in case that the UE misses some of the DL assignments, e.g. the DL assignments in CC-1 and CC-4, without providing additional information in the PDCCH assignment, the UE will determine that it only needs to feed back ACK/NACK bits for CC-2 and CC-3. The following procedures will be performed by the UE in subframe: n+4:
· select ACK/NACK multiplexing scheme B to feedback 4 ACK/NACK bits

· (b3, b4) for CC-2, (b5, b6) for CC-3

· from [5], scheme B could be PUCCH format 1b with SF reduction and channel selection 
In another case, assuming the UE misses DL assignments in CC-1, CC-2, and CC-3, the UE will decided to feed back 2 ACK/NACK bits and perform the following procedures in subframe: n+4:

·  select ACK/NACK multiplexing scheme C to feedback 2 ACK/NACK bits

· (b7, b8) for CC-4
· from [5], scheme C could be PUCCH format 1b with SF=4
Clearly, it is not desirable to allow the UE to determine a wrong payload and select a wrong multiplexing scheme, which will either increase the eNB implementation complexity significantly or render the feedback useless. In next section, we provide a design to circumvent this foreseen problem.
2.2 
DAI Designs for LTE Rel-10 
In order to facilitate the UE to determine the ACK/NACK feedback payload and the corresponding multiplexing scheme correctly in the presence of DL carrier aggregation, we can introduce a 3-bit DAI (downlink assignment index) field into the DCI formats for DL scheduling for FDD systems with CA. The 3-bit DAI field can be used for the following purposes:
· 1. indicating the total number of PDCCHs with assigned PDSCH transmissions and PDCCH indication downlink SPS release
· 2. indicating the accumulative number of PDCCHs with assigned PDSCH transmissions and PDCCH indicating DL SPS release
In Table 1-4, we have shown exemplary designs of the 3-bit DAI field for 2~5 configured DL CCs.
 Table 1: 3-bit DAI Mapping for 2 DL CCs
	(Total # DL Grants, Accum Index)
	DAI Field

	(1, 0)
	000

	(2, 0~1)
	001

	reserved
	010

	reserved
	011

	reserved
	100

	reserved
	101

	reserved
	110

	reserved
	111


Table 2: 3-bit DAI Mapping for 3 DL CCs
	(Total # DL Grants, Accum Index)
	DAI Field

	(1, 0)
	000

	(2, 0)
	001

	(2, 1)
	010

	(3, 0~2)
	011

	reserved
	100

	reserved
	101

	reserved
	110

	reserved
	111


Table 3: 3-bit DAI Mapping for 4 DL CCs
	(Total # DL Grants, Accum Index)
	DAI Field

	(1, 0)
	000

	(2, 0)
	001

	(2, 1)
	010

	(3, 0)
	011

	(3, 1)
	100

	(3, 2)
	101

	(4, 0~3)
	110

	reserved
	111


Table 4: 3-bit DAI Mapping for 5 DL CCs
	(Total # DL Grants, Accum Index)
	DAI Field

	(1, 0)
	000

	(2, 0)
	001

	(2, 1)
	010

	(3, 0)
	011

	(3, 1~2)
	100

	(4, 0~1)
	101

	(4, 2~3)
	110

	(5, 0~4)
	111


The UE will perform the following procedures to feed back ACK/NACK in subframe: n+4:

· if UE detects no PDCCH assignments in subframe: n, UE performs DTX 
· if UE detects at least one PDCCH assignment in subframe: n, the UE will be able to correctly determine the number of ACK/NACK bits to feed back and select the right ACK/NACK multiplexing scheme according to the DAI field in the detected PDCCH; furthermore, the UE is able to detect missing PDCCH assignments  according to the DAI
Using again the example described in last section, assuming the UE misses DL assignments in CC-1, CC-2, and CC-3, with the help of the DAI (“110” from Table 3) in the detected PDCCH assignment from CC-4, the UE decides to feed back total 8 ACK/NACK bits and perform the following procedures in subframe: n+4:

·  UE selects ACK/NACK multiplexing scheme A to feedback 8 ACK/NACK bits

· (NACK, NACK) for CC-1, (NACK, NACK) for CC-2, (NACK, NACK) for CC-3, (b7, b8) for CC-4

· note the UE feeds back NACKs for CC-1, CC-2 and CC-3 because it realizes that it missed the assignments from those carriers 
3
Conclusions 

In order to facilitate the UE to determine the ACK/NACK feedback payload and the corresponding multiplexing scheme correctly in the presence of DL carrier aggregation, it is proposed that a 3-bit DAI field is introduced into the DCI formats for DL scheduling in FDD systems with CA support for the following purposes:

·  indicating the total number of PDCCHs with assigned PDSCH transmissions and PDCCH indication downlink SPS release

· indicating the accumulative number of PDCCHs with assigned PDSCH transmissions and PDCCH indicating DL SPS release
Furthermore, it is proposed that the UE will perform the following procedures to feed back ACK/NACK bits in subframe: n+4:

· if no PDCCH assignments are detected by the UE in subframe: n, the UE performs DTX (no UL ACK transmission) 

· if the UE detects at least one PDCCH assignment in subframe: n, the UE determines the number of ACK/NACK bits to feed back and selects the ACK/NACK multiplexing scheme according to the DAI field in the detected PDCCH assignments
· the UE detects missing PDCCH assignments according to the detected DAI
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