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1. Introduction

At last RAN1#61 meeting, HS-DPCCH design for 3-carrier without MIMO operation has been discussed. There are some arguments on joint coding design and backward compatibility with Rel-8 Dual-Cell codebook. 
Case of 3C configured w/o MIMO is FFS until RAN1#61bis:

· Alt 1: SF128

· Alt 1a: Re-use Rel-9 codebook

· Alt 1b: New codebook

· Alt 2: SF256

· Alt 3: SF128 except for UEs of a category limited to 3C w/o MIMO

· Choice of codebook FFS

In this contribution, we further provide more options on codebooks design for discussion on joint coding for 3C without MIMO. 
2. Discussion
2.1 HARQ-ACK codebook schemes
There are 7 sub-cases when 3 carriers are configured without MIMO, shown in Table 1.

	Table 1 Sub-cases when 3 carriers are configured without MIMO
　
	C0
	C1
	C2

	Case 1a
	On
	Off
	Off

	Case 1b
	Off
	On
	Off

	Case 1c
	Off
	Off
	On

	Case 2a
	On
	On
	Off

	Case 2b
	On
	Off
	On

	Case 2c
	Off
	On
	On

	Case 3
	On
	On
	On


Note: ‘On’ means data is scheduled in this carrier, ‘off’ means no data is scheduled in this carrier. ‘C0’ denotes primary carrier; ‘C1’ denotes the 1st secondary carrier; ‘C2’ denotes the 2nd secondary carrier.
3 alternative schemes are presented in the Annex. The codebooks of Scheme 2 and 3 are backward compatible with Rel-8 DC codebook. The comparison of the 3 codebook schemes is shown in Table 2. 
	Table 2 The difference of 3 codebook schemes  
　
	Scheme 1
	Scheme 2
	Scheme 3

	Case 1a
	☆☆☆
	☆☆☆
	☆☆☆

	Case 1b
	☆☆☆
	☆☆☆
	☆☆☆

	Case 1c
	☆☆☆
	☆☆☆
	☆☆☆

	Case 2a
	☆
	☆☆☆
	☆☆☆

	Case 2b
	☆
	☆
	☆☆☆

	Case 2c
	☆
	☆☆
	☆☆☆

	Case 3
	☆☆☆
	☆☆☆
	☆☆


Note: the number of the ‘☆’ denotes the score of schemes, the more the better. 
The scores of schemes are based on the analysis in the next section.
2.2 Analysis

The code distance of the 2 codewords in Case 1a, 1b, and 1c have been optimized as 10.
The decoding performance of a codebook is based on the code distance spectrum, especially that of key-codewords. The key-codewords are {A/A/D, A/D/A, D/A/A, A/A/A} for case 2a, case 2b, case 2c and case 3 respectively. They would be transmitted with the most probability in each sub-space.
Table 3 The code distance spectrum of key-codewords in each sub-cases
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Case 2a

{A/A/D}
	Scheme 1
	0
	0
	0
	4
	0
	3
	0
	0
	0
	0

	
	Scheme 2
	0
	0
	0
	1
	4
	1
	0
	0
	0
	1

	
	Scheme 3
	0
	0
	0
	1
	4
	1
	0
	0
	0
	1

	Case 2b

{A/D/A}
	Scheme 1
	0
	0
	0
	3
	0
	4
	0
	0
	0
	0

	
	Scheme 2
	0
	0
	0
	2
	3
	2
	0
	0
	0
	0

	
	Scheme 3
	0
	0
	0
	0
	4
	3
	0
	0
	0
	0

	Case 2c

{D/A/A}
	Scheme 1
	0
	0
	0
	5
	0
	2
	0
	0
	0
	0

	
	Scheme 2
	0
	0
	0
	3
	2
	1
	1
	0
	0
	0

	
	Scheme 3
	0
	0
	0
	1
	2
	4
	0
	0
	0
	0

	Case 3

{A/A/A}
	Scheme 1
	0
	0
	0
	8
	1
	12
	1
	0
	0
	1

	
	Scheme 2
	0
	0
	0
	6
	12
	6
	0
	0
	0
	1

	
	Scheme 3
	0
	0
	1
	5
	12
	5
	1
	0
	0
	1


From the code distance spectrum of key-codewords in each sub-space, it is able to anticipate the mis-detection performance that:
· For case 2a: Scheme 1 < Scheme 2 = Scheme 3
· For case 2b: Scheme 1 ≈ Scheme 2 < Scheme 3
· For case 2c: Scheme 1 < Scheme 2 < Scheme 3
· For case 3: Scheme 1 ≈ Scheme 2 > Scheme 3
Simulations are also made to evaluate the decoding performance of schemes. The figures are shown in the Annex. The simulation results confirm the code distance spectrum analysis above. It shows that, scheme 1 is the best in Case 3, but scheme 3 is the best in Case 2(a, b, and c), and scheme 2 is a trade-off scheme of scheme 1 and 3.
3. Conclusion
In this document, we present 3 joint coding schemes of codebook design for 3C-HSDPA without MIMO operation and analyse the code distance and performance of codebooks. We would kindly ask RAN1 to discuss the performance comparison and make choice of codebook scheme. 
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5. Annex

5.1 HARQ-ACK codebooks
Codebooks are shown in Table 4-6.
Table 4 Codebook of Scheme 1
	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

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

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

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

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

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

	A/N/D
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0

	N/A/D
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

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

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

	A/D/N
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1

	N/D/A
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

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

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

	D/A/N
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0

	D/N/A
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0

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

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

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

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

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

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

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

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

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


Table 5 Codebook of Scheme 2

	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

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

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

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

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

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

	A/N/D
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A/D
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

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

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

	A/D/N
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1

	N/D/A
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0

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

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

	D/A/N
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

	D/N/A
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1

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

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

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

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

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

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

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

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

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


Table 6 Codebook of Scheme 3

	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

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

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

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

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

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

	A/N/D
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A/D
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

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

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

	A/D/N
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0

	N/D/A
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

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

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

	D/A/N
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1

	D/N/A
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

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

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

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

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

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

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

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

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

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


5.2 Simulation assumptions and results

Simulations are used to evaluate the codebook performance of HARQ-ACK.

A simple model that
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 is used for the simulation, where s is a symbol of a codeword, h is fading factor, and n is random value with standard normal distribution, i.e. n ~ N(0, 1). Every 10 symbol is received and decided by Maximum Likelihood method. 

This model is simple and effective without the influence of receiver characteristic, e.g. searcher, channel estimation and etc., so that we can focus on the performance of codebook.

The SNR in the following figures is defined as
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Simulation metrics are listed as below:
· Mis-detection

· This event occurs when the UE transmits HARQ-ACK codewords (exclude DTX), but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Extra PHY retransmission probability 

· This criterion is based on message level. 

· This event occurs when the UE transmits ACK message on some carrier but the NodeB decoded it as NACK or DTX message. 
· RLC retransmission probability 

· This criterion is based on message level. 

· This event occurs when the UE transmits NACK or DTX message on some carrier but the NodeB decoded it as ACK message. 
NOTE: In the simulations, we generate ACK, NACK, and DTX messages at the probability of [0.9, 0.09, 0.01] for each carrier independently. And then the UE transmits the HARQ-ACK codeword decided by the HARQ-ACK messages of carriers. 

False alarm is defined as the false detection of codewords when the UE transmit DTX. 

The false alarm is set to 10% for all the simulation.

Simulation results are shown below. 
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Figure 1 Mis-detection of Case 2
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Figure 2 Mis-detection of Case 3
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Figure 3 Average extra PHY retransmission of Case 2
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Figure 4 Average extra PHY retransmission of Case 3
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Figure 5 Average RLC retransmission of Case 2
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Figure 6 Average RLC retransmission of Case 3
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