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1. Introduction

HS-DPCCH channel design for 4-branch MIMO has been discussed extensively in RAN1 meetings, and it was agreed to apply a SF128 HS-DPCCH for 4-branch MIMO HSDPA, and at most dual channels for 4C-HSDPA with 4-branch MIMO. In the past meetings, discussions focused on CQI design and discussions on how to handle HARQ-ACK coding has received less attention. We observe that the HARQ-ACK coding is independent for each cell in [2]

 REF _Ref339544772 \r \h 
[3]

 REF _Ref339544773 \r \h 
[4]

 REF _Ref339544775 \r \h 
[5] and this would cause higher power consumption than Release 8/9/10, and hence the coverage is reduced. We suggest applying Rel-9 joint HARQ-ACK coding. 
2. Discussion
2.1 Joint coding for HARQ-ACK
It has been well known that joint HARQ-ACK coding instead of independent coding is adopted in Release 8 and 9 for DC and DC-MIMO HSDPA, respectively. The main reasons are: 
· Smaller CM, and 
· Better decoding performance, or in other word, less power consumption. 

We believe that the joint coding would also benefit 4C-HSDPA with 4-branch MIMO. A short discussion on how to reuse the joint coding follows.

How to reuse the joint coding

The number of HARQ-ACKs for 4-branch MIMO per cell is exactly the same as for 2x2 MIMO, and so the total number of HARQ-ACKs of 4C-HSDPA with 4-branch MIMO is exactly the same as 4C-HSDPA with 2x2 MIMO. Hence in principle, the Rel-10 HARQ-ACK coding can be directly reused. However, as it uses dual HS-DPCCHs for 4C-HSDPA with 4-branch MIMO, direct reusing Rel-10 would cause imbalance HARQ-ACK loading between two channels, shown as below:
	HS-DPCCH1
	ACK1,2
	ACK3,4
	CQI/RI/PCI 1
	ACK1,2
	ACK3,4
	CQI/RI/PCI 2

	HS-DPCCH2
	DTX
	CQI/RI/PCI 3
	DTX
	CQI/RI/PCI 4


Figure 1: Illustration of the HS-DPCCH slot format when directly reusing the Rel-10 HARQ-ACK coding.

Considering the balance of dual HS-DPCCHs, a slight modification shown in Figure 2 can be made. The HARQ-ACKs are still divided into 2 groups, where each group is mapped to one HS-DPCCH. HARQ-ACKs for the two cells are jointly coded together and repeated once to fill in the first slot. Note that this is also already included in Rel-10, for the case that 4 carriers are configured with no more than 2 carriers activated.
	HS-DPCCH1
	ACK1,2
	ACK1,2
	CQI/RI/PCI 1
	ACK1,2
	ACK1,2
	CQI/RI/PCI 2

	HS-DPCCH2
	ACK3,4
	ACK3,4
	CQI/RI/PCI 3
	ACK3,4
	ACK3,4
	CQI/RI/PCI 4


Figure 2: Illustration of preferred HS-DPCCH slot format of HARQ-ACK coding.
How to handle coding after carrier deactivation
For robustness, we consider the rules: if one carrier of each carrier group, whose HARQ-ACK mapped on the same HS-DPCCH, is deactivated, “DTX” is indicated for that carrier and joint encoded with the HARQ-ACK for the other carrier; if both carriers of the group are deactivated, the whole HS-DPCCH is removed, as example shown in Figure 3.
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Figure 3: Illustration of HARQ-ACK coding after deactivation of carriers.
2.2 Comparison of independent and joint HARQ-ACK coding

A comparison of independent and joint HARQ-ACK coding is summarized in Table 1. We can observe that there is no difference for 1 carrier, but for 2-4 carriers they are different. We propose to adopt joint coding based on the following reasons:
· Better compatibility: the HARQ-ACK coding for 2-4 carries in each HS-DPCCH is based on joint coding, we believe that adopting joint coding is compatible with Rel-9/10, it is an existing function in Rel-10 and hence no further IOT test is required.
· Better Robustness: there is a risk that UE and NodeB are not in the same activation state (e.g. may have been caused by order missing and so on), and for independent coding it would result in mismatch between HARQ-ACK coding and decoding at two sides, but for joint coding it is robust. Examples are shown in Table 2.
· Better performance: according to Rel-8 and Rel-9 HARQ-ACK codebook discussion [6]
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[7], joint coding have about 2.5dB better performance compared to independent coding. 

Table 1 Independent vs. joint coding of HARQ-ACK for 1-4 carriers
	Number of carriers
	Independent coding
	Joint coding

	1
	ACK1
ACK1


	ACK1
ACK1


	2
	ACK1
ACK2

	ACK1,2
ACK1,2



	3
	ACK1
ACK2
ACK3
ACK3

	ACK1,2
ACK1,2
ACK3
ACK3


	4
	ACK1
ACK2
ACK3
ACK4

	ACK1,2
ACK1,2
ACK3,4
ACK3,4



Table 2 Comparison of robustness for independent and joint coding
	
	NodeB state: 1 carrier activated

UE state:    2 carrier activated
	NodeB state: 2 carrier activated

UE state:    1 carrier activated

	Independent coding
	UE side:    ACK1 , ACK2

NodeB side: ACK1 , ACK1

As nothing can be detected from secondary carrier, it response a DTX, and if there is something on primary carrier, it would apply a DTX codeword for ACK2. NodeB would combine the two half-slots, and cause an error decoding.
	UE side:    ACK1 , ACK1

NodeB side: ACK1 , ACK2

NodeB would take the two half-slots as different info for carrier 1 and 2, there is a chance to decode the right HARQ-ACK for primary however the power will be 2 or 3dB less than expected, as UE apply repetition and can also apply a lower power offset. The information decoded for carriers is in fact the information for primary carrier too, hence it is not the right answer for carrier 2. The decoding performance is not good. 

	Joint coding
	UE side:    ACK1,2 , ACK1,2

NodeB side: ACK1 ,  ACK1

As nothing can be detected from secondary carrier, it responds a DTX for that carrier, and it results in ACK1,2=ACK1, as the Rel-9 codebook is compatible with Rel-7. The NodeB can normally detect the HARQ-ACK info. for primary carrier. So joint coding is robust in this case!
	UE side:    ACK1 , ACK1

NodeB side: ACK1,2 ,  ACK1,2

As the Rel-9 codebook is compatible with Rel-7, the ACK1 is included in the decoding space for ACK1,2. Hence the NodeB can normally detect the HARQ-ACK info. for primary carrier, and also can get a DTX for secondary carrier, not a significant problem would occur. So joint coding is robust in this case!


3. Conclusion
The number of HARQ-ACKs is the same as that for 2x2 MIMO. Under the principle of reusing existing functions as much as possible, joint coding instead of independent coding would be a better choice as it is more compatible, more robust and has better performance. 
Proposal 1: Reuse the Rel-9/10 HARQ-ACK codebook for 2-4 carrier HSDPA with 4-branch MIMO.

Proposal 2: For Multi-carriers, the HARQ-ACKs for carrier 1 and 2 are mapped onto HS-DPCCH1 and that for carrier 3 and 4 are mapped onto HS-DPCCH2.

Proposal 3: The two HARQ-ACKs for each carrier group, whose HARQ-ACK mapped to the same HS-DPCCH, are jointly encoded by Rel-9 HARQ-ACK codebook and repeated to fill the 1st slot of that HS-DPCCH.
Proposal 4: If one carrier of each carrier group is deactivated, “DTX” is indicated for that carrier and it is jointly encoded with the HARQ-ACK for the other carrier; if both carriers of the group are deactivated, the whole HS-DPCCH is removed.
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Appendix
The following text shows an example on how to describe the HARQ-ACK coding in CR..
[--------------------------------------Text Start--------------------------------------------------------------]
4.7.3E1
Channel coding for the composite HS-DPCCH HARQ-ACK

The composite HARQ acknowledgement message to be transmitted, as defined in [4], shall be coded to 10 bits as shown in Table 15C.3A. The feedback related to the first cell is given before the divider sign and the feedback related to the second cell is given after the divider sign. ‘A’ means ‘ACK’, ‘N’ means ‘NACK’ and ‘D’ means ‘no transmission’ (‘DTX’). ‘AA’, ‘AN’, ‘NA’ and ‘NN’ refer to feedback for 2 or more transport block transmission in a cell. For example, ‘AN’ means ACK on the primary transport block and/or fourth stream, and NACK on the secondary transport block and/or third transport block . The output is denoted w0, w1,…w9. 
When 2 transport blocks are transmitted, the denotation ‘XY’ out of {‘AA’, ‘AN’, ‘NA’ and ‘NN’}, means that to response ‘X’ on the primary transport block, and ‘Y’ on the secondary transport block, wherein ‘X’ and ‘Y’ is out of {‘ACK’ and ‘NACK’}.

When 3 transport blocks are transmitted, the denotation ‘XY’ out of {‘AA’, ‘AN’, ‘NA’ and ‘NN’}, means that to response ‘X’ on the primary transport block, and ‘Y’ on the secondary and third transport blocks, wherein ‘X’ and ‘Y’ is out of {‘ACK’ and ‘NACK’}. The HARQ-ACK information ‘Y’ is deduced from the original HARQ-ACKs as defined in [4], ‘Y’ is ‘ACK’ if both original HARQ-ACKs for secondary and third transport blocks are ‘ACK’, otherwise it is ‘NACK’.

When 4 transport blocks are transmitted, the denotation ‘XY’ out of {‘AA’, ‘AN’, ‘NA’ and ‘NN’}, means that to response ‘X’ on the primary and fourth transport blocks, and ‘Y’ on the secondary and third transport blocks, wherein ‘X’ and ‘Y’ is out of {‘ACK’ and ‘NACK’}. The HARQ-ACK information ‘X’ is deduced from the original HARQ-ACKs for primary and fourth transport blocks as defined in [4], ‘X’ is ‘ACK’ if both original HARQ-ACKs for primary and fourth transport blocks are ‘ACK’, otherwise it is ‘NACK’. The HARQ-ACK information ‘Y’ is deduced from the original HARQ-ACKs as defined in [4], ‘Y’ is ‘ACK’ if both original HARQ-ACKs for secondary and third transport blocks are ‘ACK’, otherwise it is ‘NACK’.

Table 15C.3A: Channel coding of HARQ-ACK when the UE is configured in MIMO mode with four transmit antennas in at least one cell and Secondary_Cell_Enabled is not more than 3

	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


[--------------------------------------Text end--------------------------------------------------------------]
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