
[image: image2.wmf]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

0

0

1

0

0

1

0

0

1

0

POST

0

1

0

0

1

0

0

1

0

0





PRE/POST

3GPP TSG RAN WG1 Meeting #59


                                           R1-094531
Jeju, Korea, 9th – 13th November, 2009

Agenda Item:
      5.4
Source:

             Huawei

Title:                        Discussion on HARQ-ACK codebook design for 3-carrier HSDPA 
Document for:         Discussion and Decision
1 Introduction
In the 3GPP RAN#45 meeting, the way forward 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 3C-HSDPA as 3C-HSDPA will be an important scenario according to [2], and then a codebook is desired for the sake of optimize the performance of 3C-HSDPA HARQ-ACK.
This paper discusses the reason why only one HS-DPCCH channel is enough and what principle should be considered for the codebook design. It also presents several scheme options for 3C-HSDPA HARQ-ACK codebook as well.
2 Discussion
2.1 Summarization of R1-094296
HARQ-ACK codebook design principles are discussed in R1-094296. It shows that:

· At most 26 codewords (without PRE/POST) are desired for single channelization design. The size of codebook for 3C (26 codewords) is near to that of DC-MIMO dual-dual case (24 codewords), so the performance of 3C single channelization design should be close to DC-MIMO dual-dual case. ACK/NACK message can be combined and encoded in single HS-DPCCH.
· UE generates a codeword from the 26 codewords or sends DTX.

· NodeB knows which sub-case was scheduled, and decides the codewords only in one of the sub-cases.
It proposed that:
· Do not use PRE/POST for 3C-HSDPA.

· The codewords of PRE/POST for 3C-HSDPA can be modified if PRE/POST is still desired.

· NACK can be treated as DTX message in a small probability.

· Compatible with DC if possible.

· Use average RLC and e-PHY retransmission to evaluate the performance of codebook.

2.2 HARQ-ACK codebook design options for 3C-HSDPA
As at most 26 codewords are needed for 3C-HSDPA HARQ-ACK.
We present 3 options for the codebook design:
· Option 1: Reuse part of codewords for DC-MIMO: 24 codewords for dual-dual case of Rel-9 DC-MIMO with 2 codewords for PRE/POST. No new codewords are introduced. However, the codewords cannot cover the Rel-5 or Rel-8 codewords. 

· Option 2:  Only use the 24 codewords transformed from the 24 codewords for dual-dual case of Rel-9 DC-MIMO, so that the codebook can cover Rel-8 DC codebook. Some signals with low probability can be mapped to a same codeword; e.g. N/N/D and N/N/N can be mapped to a same codeword, and treat N/N/D as N/N/N, The reasons are that 1) the probability of sending a N/N/D signal may be very small (near to 0.01%), and 2) there is only confusion of ‘DTX’ message and ‘NACK’ message, no RLC or extra PHY retransmission would be triggered. Furthermore, the performance of decoding HARQ-ACK may be better due to decreasing the size of codebook and maximize the minimum code distance.
· Option 3: Use 26 codewords with minimum code distance 4. New codewords should be studied. But it should cover the Rel-5 SC codewords or Rel-8 DC codewords.
We present examples of options in the Annex, and had general code distance analysis for each option in Table 1. The code distance spectrum shows that Option 2 or 3 may be a good choice for 3C-HSDPA HARQ-ACK.
Table 1  Code distance spectrum of options 
	Code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Option 1
	0
	2
	8
	70
	152
	71
	8
	2
	0
	12

	Option 2*
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	Option 3
	0
	0
	0
	150
	0
	165
	0
	0
	0
	10


Note: Option 2 only use 24 codewords while the others use 26 codewords. 
3 Conclusion
Several options for the 3C-HSDPA HARQ-ACK design were discussed and we sort out the options roughly based on the code distance spectrum: Option 2, Option 3, and Option 1. 
And we propose that:

Proposal 1: The Option 2 or Option 3 could be candidate options for 3C-HSDPA HARQ-ACK.
4 Reference
[1] R1-094296, “Discussion on HARQ-ACK codebook design for TC-HSDPA”, Huawei,
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5 Annex
Codebook of Option1 can be obtained from codebook of Rel-9 DC-MIMO, 
Table 2  Codewords Table copy from R1-093738 section 4.7.3B.1


[image: image1]
Codewords with yellow color in Table 1 are selected for 3C-HSDPA HARQ-ACK.
And the codewords selected are renamed and reordered in Table 2.

Table 3  Codewords of option 1

	a1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	　
	a13
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	a2
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	a14
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	a3
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	a15
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	a4
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	a16
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

	a5
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	
	a17
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	a6
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	
	a18
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	a7
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	a19
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	a8
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	a20
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	a9
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	a21
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	a10
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	a22
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	a11
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	
	a23
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	a12
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	
	a24
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	a25
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	a26
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Table 4  Codewords of option 2
	b1
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	　
	b13
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	b2
	0 
	0 
	1 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	
	b14
	1 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	1 
	1 

	b3
	1 
	1 
	0 
	0 
	0 
	1 
	1 
	0 
	0 
	0 
	
	b15
	0 
	0 
	1 
	1 
	1 
	0 
	0 
	1 
	1 
	1 

	b4
	1 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	1 
	1 
	
	b16
	0 
	1 
	1 
	0 
	1 
	1 
	1 
	1 
	0 
	0 

	b5
	0 
	1 
	0 
	0 
	1 
	0 
	0 
	1 
	1 
	0 
	
	b17
	1 
	0 
	1 
	1 
	0 
	1 
	1 
	0 
	0 
	1 

	b6
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	0 
	0 
	1 
	
	b18
	1 
	1 
	0 
	1 
	0 
	0 
	1 
	1 
	1 
	0 

	b7
	1 
	1 
	1 
	1 
	1 
	0 
	0 
	0 
	0 
	0 
	
	b19
	0 
	0 
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	1 

	b8
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	
	b20
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 

	b9
	0 
	1 
	1 
	0 
	0 
	0 
	1 
	0 
	1 
	1 
	
	b21
	1 
	0 
	0 
	1 
	1 
	1 
	0 
	1 
	0 
	0 

	b10
	1 
	0 
	1 
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	
	b22
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	0 
	0 
	1 

	b11
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	0 
	1 
	0 
	
	b23
	1 
	1 
	1 
	0 
	0 
	0 
	0 
	1 
	0 
	1 

	b12
	1 
	0 
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	
	b24
	0 
	1 
	1 
	1 
	0 
	1 
	0 
	0 
	1 
	0 


Table 5  Codewords of option 3
	c1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	　
	c14
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0

	c2
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	
	c15
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	c3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	c16
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	c4
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	
	c17
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1

	c5
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	
	c18
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0

	c6
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1
	
	c19
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	c7
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	
	c20
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

	c8
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	
	c21
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1

	c9
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	
	c22
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0

	c10
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	
	c23
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0

	c11
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	
	c24
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	c12
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	
	c25
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

	c13
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1
	
	c26
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1




















































































































































































































