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1 Introduction
In the 3GPP RAN#45 meeting, the WI of MC-HSDPA was discussed. Some modification of HS-DPCCH is needed for 3/4 carriers. It is possible to use only one HS-DPCCH channel for TC-HSDPA (TC denotes three carrier), then a codebook for TC-HSDPA HARQ-ACK is desired.
This paper discuss the reason why only one HS-DPCCH channel is enough, and what principle should be considered for the codebook design. 
2 Discussion
2.1 Signals and cases of TC

There are 7 cases when TC is configured. They are listed in Table 1.
Table 1 Sub-cases when TC is configured

	
	Carrier 1
	Carrier 2
	Carrier 3

	Case 1
	On
	Off
	Off

	Case 2
	Off
	On
	Off

	Case 3
	Off
	Off
	On

	Case 4
	On
	On
	Off

	Case 5
	On
	Off
	On

	Case 6
	Off
	On
	On

	Case 7
	On
	On
	On


Note: ‘On’ means data is scheduled in the carrier, ‘off’ means no data is scheduled in the carrier.
Signals should be transmitted and decoded:

1) For UE: 

· UE have no idea which case 3×3×3＝27 signals is needed (without PRE/POST), then at most 26 codewords is desired. 

· UE generates a codeword from the 26 non-DTX signals or sends DTX each TTI.
2) For NodeB:
· NodeB has known which sub-case was scheduled when it receives the feedback HARQ-ACK signals. 

· NodeB decides the signal in one of the sub-cases, which is shown in Table 2.

Table 2 Decoding signal set at NodeB (without PRE/POST)
	
	Decoding signal set

	Case 1
	DTX，N/D/D，A/D/D

	Case 2
	DTX，D/N/D，D/A/D

	Case 3
	DTX，D/D/N，D/D/A

	Case 4
	DTX，D/N/D，D/A/D，N/D/D，A/D/D，N/N/D，A/N/D，N/A/D，A/A/D

	Case 5
	DTX，N/D/D，A/D/D，D/D/N，D/D/A，N/D/N，N/D/A，A/D/N，A/D/A

	Case 6
	DTX，D/N/D，D/A/D，D/D/N，D/D/A，D/N/N，D/N/A，D/A/N，D/A/A

	Case 7
	DTX，D/N/D，D/A/D，N/D/D，A/D/D，N/N/D，A/N/D，N/A/D，A/A/D，D/D/N，D/D/A，N/D/N，N/D/A，A/D/N，A/D/A，D/N/N，D/N/A，D/A/N，D/A/A，N/N/N，N/N/A，N/A/N，N/A/A，A/N/N，A/N/A，A/A/N，A/A/A


2.2 The principle of HARQ-ACK codebook design for TC

A framework and the objective of HS-DPCCH design has been discussed in [1]. If single channel design is desired, some extra questions should be considered.
· Question 1: Is PRE/POST desired?

· The purpose of use PRE/POST is to replace DTX signals before or after non-DTX HARQ-ACK signals. As the probability of transmitting DTX is so small that there is almost no chance to use PRE/POST any more, if NodeB schedules data in all three carriers or two carriers. However, PRE/POST is still useful when NodeB schedule data only in one carrier (Case 1~3).

· It is small chance to schedule data in one carrier; otherwise, NodeB would prefer deactivating 2 carriers for saving power of UE. 

· The PRE/POST codewords would impact the codebook design of TC.
Proposal 1: Do not use PRE/POST for TC.
· Question 2: If PRE/POST is still desired, can the codewords of PRE/POST for TC be modified?
· The legacy codewords of PRE/POST would impact the codebook design for TC.

· It would be helpful for codebook design for TC if PRE/POST words can be modified.
Proposal 2: The codewords of PRE/POST for TC can be modified if PRE/POST are still desired.

· Question 3: Can NACK be treated as DTX in a small probability? Does each signal need a unique codeword? 
· The redundancy version (RV) of retransmission data is different when NodeB receives NACK or DTX. Some combine gain may be lost. But it is tolerable if the chance of ‘NACK to DTX’ error is small.
· It may be feasible that some signals map to a same codeword, if neither RLC nor e-PHY retransmission is introduced. And a decrease of codebook size may be helpful for codebook design. 
Proposal 3: NACK can be treated as  DTX message in a small probability.
· Question 4: Should TC codebook be compatible with Rel-8 DC codebook? 
· It may be a little helpful to robustness, when the 3rd carrier is activated or deactivated but the UE and NodeB do not work in the same configuration assumption due to some reason.  
Proposal 4: Compatible with DC if possible.
· Question 5: How to evaluate the codebook? 
· Average RLC retransmission and average extra PHY retransmission probability, or
· Average mis-detection of non-DTX codewords. But it may not be suitable.
Note: The average RLC retransmission and average extra PHY retransmission are defined in [2].

Proposal 5: Use average RLC and e-PHY retransmission to evaluate the performance of codebook.
3 Conclusion
Some principle for HARQ-ACK codebook design has been discussed in this paper, and it is proposed that:
Proposal 1: Do not use PRE/POST for TC.

Proposal 2: The codewords of PRE/POST for TC can be modified if PRE/POST are still desired.

Proposal 3: NACK can be treated as DTX message in a small probability.
Proposal 4: Compatible with DC if possible.
Proposal 5: Use average RLC and e-PHY retransmission to evaluate the performance of codebook.
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