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Discussion/Decision
1. Introduction

At the last meeting RAN1 #68, it was agreed that single HS-DPCCH will be used for multiflow, so the HS-DPCCH joint feedback will be used in the single HS-DPCCH. Some frameworks of HS-DPCCH joint feedback had been discussed but the details have not be investigated especially the HARQ-ACK codebook. In this contribution, we find out some issues in the HARQ-ACK codebook and give a feasible solution to solve them.
2. Discussion
2.1 Issues on HARQ-ACK Codebook in MF-Tx
It was agreed that multiflow cases 1-4 are supported for both single-stream and dual-stream MIMO. Then there would be an issue on the use of codebook in case of multiflow with MIMO. A straightforward method is to reuse DC-MIMO/4C-MIMO codebook. It is noted for DC-MIMO the codebook selection is optimized in the subspace (circled in Figure 1) instead of the whole space when designing the codebook. This is feasible since the two cells with joint HARQ-ACK feedback know the scheduling information of each other, because as we know in DC the two cells are in the same NodeB. This means each cell only needs to decode the jointly encoded HARQ-ACK in the subspace where codebooks are optimized with minimum code distance of 4. [1]
[image: image4.png]. Single
Secondary Single Dual Dual
Primary
ACK NACK DTX ACK_ACK ACK_NACK NACK_ACK NACK_NACK
ACK AA 1 AN AD AAA 1OAAN L ANA T ANN
Single [~ """~~~ Fainly I (i AT rooTttt
NACK NA 1 NN N/D N/AA 1 N/AN + NNA @ N/NN
Single/Dual DTYX DIA DIN * DIAA D/AN D/NA D/NN
ACK_AGK AA/A -i AAAA T AAAN
----------------- fmmmmmm
skmce [ ANA 1 ANN [ AND | ANBA 1 ANAN
Dual [———t--~----- Pttty E— et Attt 3
NACK_ACK NA/A ! NAN NA/D NA/AA | NA/AN !
________ e I
NACK_NACK NN/A 1 NN/N NN/D NN/AA 1 NN/AN 1 NN/NA |1 NN/NN





[image: image1]
Figure 1: HARQ-ACK codebook subspace when the cells reside in the same NodeB

It is different for HARQ-ACK detection in case of inter-NodeB multiflow. The shared scheduling information of the paired cells can not be obtained since no direct communication exists between two NodeBs. Thus, each cell has to decode the jointly encoded HARQ-ACK in the two subspaces (circled in Figure 2, called ‘a combined subspace’), where the minimum code distance is basically 2. As a result, the decoding performance of HARQ-ACK will be seriously degraded, which violates the intention of codebook design. Even more, we find out the codebook of ‘AA/N’ and the codebook of ‘NA/NN’ are exactly the same in a combined subspace! (The codebook from 25.212 Table 15C.2 [2] is shown in the appendix) That is to say, the cell will be confused whether the feedback is ‘AA’ or ‘NA’ in dual stream MIMO since it does not the scheduling information of the other cell (red coloured in Figure 2). Then the result is the cell in dual stream MIMO can hardly work!
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Figure 2: HARQ-ACK codebook decoding subspace when the cells reside in the same NodeB

2.2 Solutions for MF-Tx HARQ-ACK Codebook
Addressing the above issues on HARQ-ACK codebook, two solutions are presented as follows:
· Redesign the codebook for MF-Tx

The solution is straightforward by hand and decoding performance can be optimized based on each decoding space. However, the optimization would be very complicated.
In addition to the extra work, it is desirable to select the codebook with the largest minimum code distance in each decoding space. The maximum decoding space has 34 codewords (circled of blue in Figure 2 for a cell with dual stream) since the cell does not know the scheduling information in the other cell so that the decoding space is larger than the case in DC-MIMO. Then the largest minimum code distance is 3 in this decoding space, which is smaller than the case in DC-MIMO. As a result, the decoding performance of this solution would be worse than that of DC-MIMO no matter how to optimize the codebook.
· Reuse the DC-MIMO codebook with remapping

UE can remap the HARQ-ACK of single stream MIMO to the HARQ-ACK of dual stream MIMO used for joint encoding, and the cell decodes the remapping based on its own scheduling information after receiving the HARQ-ACK information expressed as dual stream MIMO. There is no problem in decoding w.r.t remapping since each cell exactly knows its own scheduling information. For example, as shown in the appendix, ‘A’ is remapped to ‘AA’ and ‘N’ is remapped to ‘NN’. 
Thus the decoding space is only the subspace of dual-dual (circled of blue in Figure 1, which is a subspace having 24 codewords in DC-MIMO), or a part of it. Since the codebook has been optimized in this subspace with minimum code distance being 4 for DC-MIMO, the decoding performance is the same as that of DC-MIMO. Moreover, the power offset of HS-DPCCH specified for DC-MIMO does not need to be changed.
The solution is of the advantages of ensured decoding performance and a small modification to the specification TS25.212. 
With the above considerations, the solution of reusing the DC-MIMO codebook with remapping is preferred and can be used in both inter-NodeB SF-DC and intra-NodeB SF-DC cases. Additionally for DF-4C case, if the two paired cells with joint feedback are within one NodeB then the HARQ-ACK encoding of 4C can be directly reused; if the paired cells can be from two different NodeBs, the HARQ-ACK encoding of 4C shall be reused with remapping .
Proposal 1: The DC-MIMO HARQ-ACK codebook needs to be redefined when it is reused in MF-Tx with dual-stream MIMO.
Proposal 2: Only the subspace of dual-dual in the DC-MIMO HARQ-ACK codebook is used for MF-Tx with dual-stream MIMO via remapping. The remapping method is ‘A’ to ‘AA’ and ‘N’ to ‘NN’.
3. Conclusion
In this contribution we discuss some issues on HARQ-ACK codebook for MF-Tx with dual-stream MIMO and find a serious problem in its decoding. A solution is investigated with the advantages of ensured decoding performance and a small modification to the specification. It is proposed:
Proposal 1: The DC-MIMO HARQ-ACK codebook needs to be redefined when it is reused in MF-Tx with dual-stream MIMO.

Proposal 2: Only the subspace of dual-dual in the DC-MIMO HARQ-ACK codebook is used for MF-Tx with dual-stream MIMO via remapping. The remapping method is ‘A’ to ‘AA’ and ‘N’ to ‘NN’.
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5. Appendix
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


Table *: Channel coding of HARQ-ACK for MF-Tx
	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
A/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	AN/AA
AN/A
	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
N/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	AN/NN
AN/N
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	D/AA
D/A
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	NA/AA
NA/A
	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
D/N
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	NA/NN
NA/N
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

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

	AA/AN
A/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	
	NN/AN
N/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	AA/NA
A/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	
	NN/NA
N/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

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