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1 Introduction

The mapping of UL HARQ-ACK information states to HARQ-ACK signal transmission states for UL HARQ-ACK multiplexing was agreed in [1] with the understanding that the mapping tables could be improved as, for 4 bits (M=4), several “many-to-one” entries exist for which the eNodeB cannot determine the HARQ-ACK information. Any such improvement was not done for Rel-8 despite the broad awareness of the problems and the existence of a few proposals (e.g. [2]) to mitigate them. It is noted that for TDD it is not possible to completely avoid mapping multiple HARQ-ACK states onto the same HARQ-ACK signal transmission state as, for 4 bits, the former are more than the latter.

The issue of the suboptimal mapping of HARQ-ACK states to HARQ-ACK signal transmission states for HARQ-ACK multiplexing with 4 bits was also raised in RAN1#61 as part of the discussions for the HARQ-ACK transmission method with CA. The use of HARQ-ACK multiplexing for 4 HARQ-ACK bits was partly conditioned on improving the respective mapping. It is particularly desirable to adopt HARQ-ACK multiplexing for up to 4 HARQ-ACK bits for CA in Rel-10 as, in addition to performance and overhead advantages, this would not require any new Tx/Rx implementations [3]. Regardless of the Rel-10 HARQ-ACK transmission method for CA, the mapping for HARQ-ACK multiplexing with 4 bits should be improved as it only requires modifying table entries which is trivial to implement. 
2 Mapping for HARQ-ACK Multiplexing for 4 Bits (M=4)
Table 1 presents the mapping of HARQ-ACK states to HARQ-ACK signal transmission states for HARQ-ACK multiplexing with 4 bits. The UE transmits the HARQ-ACK signal using QPSK and selects one of the PUCCH resources 
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. For TDD, the PUCCH resources are respectively determined from the first CCE of the PDCCH scheduling the PDSCH reception in the first, second, third, or fourth sub-frames. For FDD with CA for 2 cells (Pcell and one Scell), the PUCCH resources are respectively determined from the first and second CCEs (the transmission of the DCI format for DL SU-MIMO practically requires at least 2 CCEs as the code rate approaches 1 for 1 CCE) of the PDCCH scheduling the PDSCH reception in the Pcell and the Scell (SU-MIMO with 2 CWs is assumed on both Pcell and Scell). 
Entries for which different HARQ-ACK states map to the same HARQ-ACK signal transmission states are highlighted. This overlapping is unavoidable since 19 HARQ-ACK states are mapped to 16 HARQ-ACK signal transmission states corresponding to 4 PUCCH resources and 4 QPSK constellation points. The consequence of this overlapping is loss in system throughput as the eNodeB typically needs to assume that the overlapped values correspond to NACK or DTX and perform HARQ retransmissions although the UE may have actually correctly received a PDSCH transmission. Also, for TDD, if the eNodeB schedules PDSCH to a UE in the first and second sub-frames, it is practically unable to also schedule PDSCH to the UE in either the third or the fourth sub-frame (entries 2, 4, and 6). Similarly, if the eNodeB schedules PDSCH to a UE in the third and fourth sub-frames, it is practically unable to also schedule PDSCH to the UE in either the first or the second sub-frame (entries 7, 12, and 17). 

Table 1: Mapping for HARQ-ACK Multiplexing with 4 Bits (M=4 [4]).
	Entry Number
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	
[image: image5.wmf]PUCCH

n


	QPSK

	1
	ACK, ACK, ACK, ACK
	
[image: image6.wmf])

1

(

PUCCH

n


	1, 1

	2
	ACK, ACK, ACK, NACK/DTX
	
[image: image7.wmf])

1

(

PUCCH

n


	1, 0

	3
	NACK/DTX, NACK/DTX, NACK, DTX
	
[image: image8.wmf])

2

(

PUCCH

n


	1, 1

	4
	ACK, ACK, NACK/DTX, ACK
	
[image: image9.wmf])

1

(

PUCCH

n


	1, 0

	5
	NACK, DTX, DTX, DTX
	
[image: image10.wmf])

0

(

PUCCH

n


	1, 0

	6
	ACK, ACK, NACK/DTX, NACK/DTX
	
[image: image11.wmf])

1

(

PUCCH

n


	1, 0

	7
	ACK, NACK/DTX, ACK, ACK
	
[image: image12.wmf])

3

(

PUCCH

n


	0, 1

	8
	NACK/DTX, NACK/DTX, NACK/DTX, NACK
	
[image: image13.wmf])

3

(

PUCCH

n


	1, 1

	9
	ACK, NACK/DTX, ACK, NACK/DTX
	
[image: image14.wmf])

2

(

PUCCH

n


	0, 1

	10
	ACK, NACK/DTX, NACK/DTX, ACK
	
[image: image15.wmf])

0

(

PUCCH

n


	0, 1

	11
	ACK, NACK/DTX, NACK/DTX, NACK/DTX
	
[image: image16.wmf])

0

(

PUCCH

n


	1, 1

	12
	NACK/DTX, ACK, ACK, ACK
	
[image: image17.wmf])

3

(

PUCCH

n


	0, 1

	13
	NACK/DTX, NACK, DTX, DTX
	
[image: image18.wmf])

1

(

PUCCH

n


	0, 0

	14
	NACK/DTX, ACK, ACK, NACK/DTX
	
[image: image19.wmf])

2

(

PUCCH

n


	1, 0

	15
	NACK/DTX, ACK, NACK/DTX, ACK
	
[image: image20.wmf])

3

(

PUCCH

n


	1, 0

	16
	NACK/DTX, ACK, NACK/DTX, NACK/DTX
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	NACK/DTX, NACK/DTX, NACK/DTX, ACK
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With the objective to reduce the scheduler restrictions and the probability of HARQ-ACK retransmissions that would occur with the mapping in Table 1, an alternative mapping is presented in Table 2 in case of TDD. Compared to Table 1, the overlapping HARQ-ACK states are reduced from 6 to 5 and the overlapping of the HARQ-ACK states for entries 5 and 8 is almost inconsequential as it does not introduce any scheduler restrictions and practically does not require additional HARQ retransmissions. Only the overlapping of the HARQ-ACK states for entries 7, 12, and 17 may lead to 1 unnecessary HARQ retransmission (entry 7 or 12). 
For scheduling over 4 sub-frames, the mapping in Table 2, PDSCH BLER of 10% and PDCCH miss probability of 1%, the probability that entry 7 or 12 will occur is 7.7% ((1-PDCCH_BLER)^4 * (1-PDSCH_BLER)^3 * PDSCH_BLER + PDCCH_BLER * (1-PDCCH_BLER)^3 * (1-PDSCH_BLER)^3), leading to an overall probability of 15.4% that 1 unnecessary HARQ retransmission will occur (regardless of whether the HARQ RV is the correct one or not). With the mapping in Table 1, the overall probability for 1 unnecessary HARQ retransmission is about 30.8% (there are twice as many entries leading to 1 unnecessary HARQ retransmission) which is high. 
Table 2: Alternate Mapping for HARQ-ACK Multiplexing with 4 Bits (M=4).
	Entry Number
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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For CA with 2 cells (Pcell and Scell) and SU-MIMO with 2 CWs in the DL of each cell, several entries in Table 1 and Table 2 are not applicable as DTX is applicable either for both of the first 2 or last 2 entries or for none of them. This reduces the number of overlapping HARQ-ACK states and eliminates entries 3 and 5 of Table 1 or Table 2. Then, by combining entries 8 and 13 in Table 1 or Table 2 to only entry 13, the mapping in Table 2 is modified as in Table 3. It is observed that the only overlap is for entry 10 where DTX for one PDSCH is combined with NACK/NACK for the other PDSCH. Then, the only penalty is that one of the HARQ retransmissions is with the incorrect RV. Such an event has minimal/no impact on system throughput and, for PDSCH BLER of 10% and PDCCH miss probability of 1%, it only occurs with probability of about 1.6e-3. It is also noted that the mapping in Table 3 does not require a DAI IE to be included in the respective DCI formats.
Table 3: Mapping for HARQ-ACK Multiplexing with 4 Bits. 
	Entry Number
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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Therefore, HARQ-ACK multiplexing for 4 bits in case of CA with 2 cells can practically avoid all shortcomings of the one for TDD in Rel-8 (Table 1). A candidate respective mapping is presented in Table 3. The Rel-8 TDD mapping for 2 bits (M=2) and 3 bits (M=3) may also be modified in case of FDD for CA with 2 cells. 
3 Conclusions

This contribution considered the mapping of HARQ-ACK states to signal transmission states for HARQ-ACK multiplexing with 4 bits (M=4). It is shown that the Rel-8 mapping (Table 1) can be noticeably improved for TDD operation (Table 2) and simplified while practically avoiding any overlapping for CA with 2 cells (Table 3). It is proposed that the mapping in Table 2 is adopted for TDD and the mapping in Table 3 is adopted for CA with 2 cells in Rel-10. It is FFS whether modifications to the Rel-8 mapping Tables for HARQ-ACK multiplexing with 2 bits (M=2) and 3 bits (M=3) are needed in case of FDD for CA with 2 cells. 
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