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1 Introduction 
In RAN1#68bis it is agreed that the DC-MIMO HARQ-ACK codebook needs to be redefined when it is reused in MF-Tx with dual-stream MIMO (and not for any other cases), while the details of codebook remapping is FFS [1]. 

This contribution will further discuss the remaining issue of HARQ-ACK codebook for MF-HSDPA and present our view.
2 HARQ-ACK codebook for MF-HSDPA
As discussed in [2], in case of inter-site multiflow, the shared scheduling information of the paired cells cannot be obtained due to no direct communication existing between two NodeBs. Thus, each cell has to decode the jointly encoded HARQ-ACK message in two subspaces rather than within one optimized subspace, which will degrade the decoding performance of HARQ-ACK message. Moreover, the same codeword is used for AA/N and NA/NN in DC-MIMO codebook. Without the scheduling message from the assisting NodeB, it would be difficult for the assisted NodeB to make the decision between AA and NA. So in [2] it is proposed that only the subspace of dual-dual in the DC-MIMO HARQ-ACK codebook is used for MF-Tx with dual-stream MIMO via remapping of ‘A’ to ‘AA’ and ‘N’ to ‘NN’. 
Actually in the discussion of HARQ-ACK codebook design for 4C-HSDPA, we proposed in [3] not to distinguish ACK / ACK (AA) for MIMO from ACK (A) for SIMO, and also not to distinguish NACK / NACK (NN) for MIMO from NACK (N) for SIMO, in order to reduce the number of ACK/NACK hypotheses. That is to say, the HARQ-ACK message is with {AA, AN, NA, NN, DTX} rather than {AA, AN, NA, NN, A, N, DTX}. With this kind of remapping, the NodeB behaviour for HARQ-ACK decoding would be something like below,

· when NodeB schedules a dual-stream transmission and receives an HARQ message from the UE, the HARQ message will be interpreted normally; 

· when NodeB schedules a single-stream transmission and HARQ AA received, the AA message will be interpreted as ACK to the previous transmitted single stream; 

· when NodeB schedules a single-stream transmission and HARQ NN received, the NN message will be interpreted as NACK to the previous transmitted single stream;
· when NodeB schedules a single-stream transmission and HARQ AN or NA received, the message will be interpreted as NACK to the previous transmitted single stream;

· when NodeB schedules a single-stream transmission and HARQ DTX received, the message will be interpreted normally.

The HARQ-ACK codebook in Table 1 is truncated from the DC-MIMO codebook by removing the HARQ-ACK messages such as ‘A/*’, ‘N/*’, ‘*/A’ or ‘*/N’. We propose to apply the Table 1 in the case when the UE is configured in multiflow mode and MIMO mode in at least one cell. The code distance for the new codebook is listed in Table 2. The minimum code distance is 4. The code distance distribution is, 12 of distance 10, 60 of distance 6, 144 of distance 5, and 60 of distance 4.
In Figure 1 we compare the performance (only the mis-detection metrics [4] is given in this contribution) of these two different HARQ-ACK codebooks with the false alarm rate set to 1% and 10%, where the scheme 1 is the original Rel-9 DC-MIMO codebook without the scheduling information of other paired cell, while the scheme 2 is the codebook in Table 1. From the simulation it can be observed obviously that the scheme 2 outperforms the scheme 1 as expected.
Table 1: Channel coding of HARQ-ACK when the UE is configured in multiflow mode and MIMO mode in at least one cell
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9
	
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	AN/AA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	AN/AN
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	AN/NN
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	D/AA
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	NA/AA
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	D/AN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	D/NA
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	NA/NA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	D/NN
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	NA/NN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	AA/AA
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	
	NN/AA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	AA/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	
	NN/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	AA/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	
	NN/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	AA/NN
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	
	NN/NN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Table 2: Code distance analysis for HARQ-ACK codebook when the UE is configured in multiflow mode and MIMO mode in at least one cell
	HARQ-ACK
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)
	(16)
	(17)
	(18)
	(19)
	(20)
	(21)
	(22)
	(23)
	(24)

	(1) AA/D
	0
	6
	6
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	10
	6
	6
	5

	(2) AN/D
	6
	0
	6
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	4
	5
	5
	10
	5
	5
	4
	6
	6
	5

	(3) NA/D
	6
	6
	0
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	10
	5
	5
	4
	5
	5
	4
	6
	6
	5

	(4) NN/D
	6
	6
	6
	0
	5
	5
	5
	5
	10
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	6
	5

	(5) D/AA
	5
	5
	5
	5
	0
	6
	6
	6
	5
	5
	5
	10
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	4

	(6) D/AN
	5
	5
	5
	5
	6
	0
	6
	6
	5
	5
	5
	4
	4
	4
	5
	6
	4
	5
	10
	6
	5
	5
	5
	4

	(7) D/NA
	5
	5
	5
	5
	6
	6
	0
	6
	5
	5
	5
	4
	4
	10
	5
	6
	4
	5
	4
	6
	5
	5
	5
	4

	(8) D/NN
	5
	5
	5
	5
	6
	6
	6
	0
	5
	5
	5
	4
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	10

	(9) AA/AA
	4
	4
	4
	10
	5
	5
	5
	5
	0
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	4
	5

	(10) AA/AN
	4
	4
	4
	4
	5
	5
	5
	5
	6
	0
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	10
	5

	(11) AA/NA
	4
	4
	4
	4
	5
	5
	5
	5
	6
	6
	0
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	10
	4
	5

	(12) AA/NN
	5
	5
	5
	5
	10
	4
	4
	4
	5
	5
	5
	0
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	6

	(13) AN/AA
	5
	5
	5
	5
	4
	4
	4
	4
	5
	5
	5
	6
	0
	6
	5
	4
	6
	5
	6
	10
	5
	5
	5
	6

	(14) AN/AN
	5
	5
	5
	5
	4
	4
	10
	4
	5
	5
	5
	6
	6
	0
	5
	4
	6
	5
	6
	4
	5
	5
	5
	6

	(15) AN/NA
	4
	4
	10
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	0
	5
	5
	6
	5
	5
	6
	4
	4
	5

	(16) AN/NN
	5
	5
	5
	5
	6
	6
	6
	6
	5
	5
	5
	4
	4
	4
	5
	0
	10
	5
	4
	6
	5
	5
	5
	4

	(17) NA/AA
	5
	5
	5
	5
	4
	4
	4
	4
	5
	5
	5
	6
	6
	6
	5
	10
	0
	5
	6
	4
	5
	5
	5
	6

	(18) NA/AN
	4
	10
	4
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	6
	5
	5
	0
	5
	5
	6
	4
	4
	5

	(19) NA/NA
	5
	5
	5
	5
	4
	10
	4
	4
	5
	5
	5
	6
	6
	6
	5
	4
	6
	5
	0
	4
	5
	5
	5
	6

	(20) NA/NN
	5
	5
	5
	5
	6
	6
	6
	6
	5
	5
	5
	4
	10
	4
	5
	6
	4
	5
	4
	0
	5
	5
	5
	4

	(21) NN/AA
	10
	4
	4
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	0
	4
	4
	5

	(22) NN/AN
	6
	6
	6
	6
	5
	5
	5
	5
	4
	4
	10
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	0
	6
	5

	(23) NN/NA
	6
	6
	6
	6
	5
	5
	5
	5
	4
	10
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	0
	5

	(24) NN/NN
	5
	5
	5
	5
	4
	4
	4
	10
	5
	5
	5
	6
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	0
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Figure 1: Performance comparison of different HARQ-ACK codebooks
Proposal 1: The new HARQ-ACK codebook in Table 1 is applied in the case when the UE is configured in multiflow mode and MIMO mode in at least one cell, in case that no significant gain could be obtained from other proposed new HARQ-ACK codebooks.
Proposal 2: The New HARQ-ACK codebook in Table 1 is applied to both intra-site and inter-site multiflow operation, if the proposal 1 is agreed.
3 Conclusion 
In this contribution we discuss the issue of DC-MIMO HARQ-ACK codebook being directly applied in multiflow operation when MIMO is configured. It is considered to use the HARQ-ACK message {AA, AN, NA, NN, DTX} rather than {AA, AN, NA, NN, A, N, DTX}. We propose that, 
Proposal 1: The new HARQ-ACK codebook in Table 1 is applied in the case when the UE is configured in multiflow mode and MIMO mode in at least one cell, in case that no significant gain could be obtained from other proposed new HARQ-ACK codebooks.
Proposal 2: The New HARQ-ACK codebook in Table 1 is applied to both intra-site and inter-site multiflow operation, if the proposal 1 is agreed.
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5 Annex 1
Table 15C.2: Channel coding of HARQ-ACK when Secondary_Cell_Enabled = 3 or the UE is configured in MIMO mode in at least one cell and Secondary_Cell_Enabled is greater than 0

	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9
	
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	AA/A
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	AA/N
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	AN/A
	1
	0
	1
	1
	1
	0
	0
	1
	1
	0

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	AN/N
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	NA/A
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	NA/N
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1

	D/A
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	
	NN/A
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0

	D/N
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	
	NN/N
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1

	D/AA
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	AA/AA
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

	D/AN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	AA/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	D/NA
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	AA/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	D/NN
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	AA/NN
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	A/A
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	
	AN/AA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	A/N
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	
	AN/AN
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	N/A
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	N/N
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	
	AN/NN
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	A/AA
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	
	NA/AA
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	A/AN
	1
	0
	0
	1
	0
	1
	0
	1
	0
	1
	
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	A/NA
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	
	NA/NA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	A/NN
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	
	NA/NN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	N/AA
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	
	NN/AA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	N/AN
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	
	NN/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	N/NA
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0
	
	NN/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	N/NN
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	
	NN/NN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


6 Annex 2
Table 15C.x: Channel coding of HARQ-ACK when the UE is configured in multiflow mode and MIMO mode in at least one cell
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9
	
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	AN/AA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	AN/AN
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	AN/NN
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	D/AA
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	NA/AA
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	D/AN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	D/NA
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	NA/NA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	D/NN
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	NA/NN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	AA/AA
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	
	NN/AA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	AA/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	
	NN/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	AA/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	
	NN/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	AA/NN
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	
	NN/NN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
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