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1 Introduction
In the agreed baseline CRs for DC-HSDPA [1], a joint coding scheme in a single HS-DPCCH was discussed. 

It was agreed that an 8 code words scheme would be needed  in order to indicate ACK, NACK and DTX independently for dual cell transmission, if PRE/POST support is desired, 2 additional code words would be needed, i.e. 10 code words in total. 

In general, it is required to choose the 8 code wordbooks with the maximal minimal coding distance or the maximal  average code distance. In this paper, we present several coding schemes with the minimal cost price of RLC retransmission, the maximal minimal code distance or maximal average code distance.

2 Discussion

2.1 HARQ-ACK Coding Schemes
Table 1 Coding Scheme 1
	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	NACK
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	HARQ-ACK when UE detects a single scheduled transport block on each of the serving and secondary serving HS-DSCH cells

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell
	

	ACK
	ACK
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	ACK
	NACK
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	NACK
	ACK
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	NACK
	NACK
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Table 2   Coding Scheme 2
	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	NACK
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	HARQ-ACK when UE detects a single scheduled transport block on each of the serving and secondary serving HS-DSCH cells

	Response to transport block from serving HS-DSCH cell
	Response to transport block from secondary serving HS-DSCH cell
	

	ACK
	ACK
	1
	1
	0
	0
	0
	0
	1
	1
	1
	0

	ACK
	NACK
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1

	NACK
	ACK
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0

	NACK
	NACK
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


2.2 Code distance Analysis 
	Table 3 Code distance (Scheme in [1])

	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N

	A_D
	-
	10
	5
	5
	5
	6
	4
	5

	N_D
	10
	-
	5
	5
	5
	4
	6
	5

	D_A
	5
	5
	-
	10
	4
	5
	5
	6

	D_N
	5
	5
	10
	-
	6
	5
	5
	4

	A_A
	5
	5
	4
	6
	-
	5
	5
	10

	A_N
	6
	4
	5
	5
	5
	-
	10
	5

	N_A
	4
	6
	5
	5
	5
	10
	-
	5

	N_N
	5
	5
	6
	4
	10
	5
	5
	-

	Table 4 Code distance (Scheme 1)

	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N

	A_D
	-
	10
	5
	5
	5
	4
	6
	5

	N_D
	10
	-
	5
	5
	5
	6
	4
	5

	D_A
	5
	5
	-
	10
	4
	5
	5
	6

	D_N
	5
	5
	10
	-
	6
	5
	5
	4

	A_A
	5
	5
	4
	6
	-
	5
	5
	10

	A_N
	4
	6
	5
	5
	5
	-
	10
	5

	N_A
	6
	4
	5
	5
	5
	10
	-
	5

	N_N
	5
	5
	6
	4
	10
	5
	5
	-


	Table 5 Code distance (Scheme 2)

	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N

	A_D
	-
	10
	5
	5
	5
	5
	5
	5

	N_D
	10
	-
	5
	5
	5
	5
	5
	5

	D_A
	5
	5
	-
	6
	6
	6
	6
	6

	D_N
	5
	5
	6
	-
	6
	6
	6
	6

	A_A
	5
	5
	6
	6
	-
	6
	6
	6

	A_N
	5
	5
	6
	6
	6
	-
	6
	6

	N_A
	5
	5
	6
	6
	6
	6
	-
	6

	N_N
	5
	5
	6
	6
	6
	6
	6
	-


Note: the colour red present a position which would trigger a RLC retransmission.
Table 6: Distance Spectrum for the case when NACK is detected as ACK

	
	Scheme in [1]
	Scheme 1
	Scheme 2

	4
	2
	0
	0

	5
	8
	8
	4

	6
	2
	4
	13

	10
	6
	6
	1


Table 7: Distance Spectrum for the case when DTX is detected as ACK

	
	Scheme in [1]
	Scheme 1
	Scheme 2

	4
	2
	2
	0

	5
	8
	8
	8

	6
	2
	2
	4


2.3 RLC Retransmission Analysis 
Formulas of RLC Retransmission in state 1~3 are given as below (see detail in [3])
PRLC1 = PNP21’+ PD P91’
PRLC2 = PNP43’’+ PD P93’’
PRLC3 = PDPA (P13 +P15+ P17 + P31 + P35+ P36) +   PD PN (P21 +P23+wP25+P26 +P27+ P41 + P43 + wP45 +P46+P47)+  PA PN (P63 + P65+ P67+ P71 + P75+ P76) + PNPN(P81+P83+wP85+ P86+ P87) + PDPD(P91+P93+wP95+ P96+ P97) 
Where  w=1 or 2 , 

In most cases the 2 RLC retransmission in 2 carriers are in 1 PDU, w=1;

In the extreme case, the 2 RLC retransmission in 2 carriers are in  2 neighbour  PDUs, then w=2;
We assume that the Probability is function of code distance in each scheme.

Table 8: Simulation Assumptions

	Parameter
	Value

	Channel Type
	AWGN

	PA (at UE)
	0.9

	PN (at UE)
	0.09

	PD (at UE)
	0.01

	Total PFA (at NodeB)
	0.01

	PMD (at NodeB)
	0.01


Table 9:  Coefficient  Spectrum for schemes
	
	Scheme in [1]
	Scheme 1
	Scheme 2

	P(4)
	0.0999
	0.0099
	0

	P(5)
	0.3069+ 0.0009w
	0.3069+ 0.0009w
	0.1287+ 0.0009w

	P(6)
	0.009+ 0.0009w
	0.099+ 0.0009w
	0.45+ 0.009w  

	P(10)
	0.1638+0.0081w
	0.1638+0.0081w
	  0.0009

	PFA
	0.0001*(4+w)
	0.0001*(4+w)
	0.0001*(4+w)


Note：asssum that the transition probability is function of code distance. w=1 or 2 , P91~ P98 is PFA.
For Scheme in [1]
PRLC3 = PDPA (P13 +P15+ P17 + P31 + P35+ P36) +   PD PN (P21 +P23+wP25+P26 +P27+ P41 + P43 + wP45 +P46+P47)+  PA PN (P63 + P65+ P67+ P71 + P75+ P76) + PNPN(P81+P83+wP85+ P86+ P87) + PDPD(P91+P93+wP95+ P96+ P97) 
    = 0.009 (4P(5)+2P(4)) + 0.0009 (P(4)+(4+w)P(5)+(1+w)P(6)+2P(10)) +  0.081 (P(4)+3*P(5) +2P(10)) + 0.0081(3*P(5)+ P(6)+wP(10)) + 0.0001(P91+P93+ wP95+ P96+ P97) 
For Scheme 1
PRLC3 = PDPA (P13 +P15+ P17 + P31 + P35+ P36) +   PD PN (P21 +P23+wP25+P26 +P27+ P41 + P43 + wP45 +P46+P47)+  PA PN (P63 + P65+ P67+ P71 + P75+ P76) + PNPN(P81+P83+wP85+ P86+ P87) + PDPD(P91+P93+wP95+ P96+ P97) 
    = 0.009 (4P(5)+P(4)+P(6)) + 0.0009 (P(4)+(4+w)P(5)+(1+w)P(6)+2P(10)) +  0.081 (P(6)+3*P(5) +2P(10)) + 0.0081(3*P(5)+ P(6)+wP(10)) + 0.0001(P91+P93+ wP95+ P96+ P97) 

So

Delta PRLC3 =  0.009( P(4)-P(6))+0.081(P(4)-P(6))=0.09 (P(4)-P(6))

                             = 0.09*P(4) 
Table  10: the values of P(4)~P(10) and PFA  at PMD=0.01 
	
	PFA
	P(4)
	P(5)
	P(6)
	P(10)

	Scheme in [1]
	0.001575
	2.87 E-4
	5.82E-05
	9.38E-06
	0

	Scheme 1
	
	
	
	
	

	Scheme 2
	0.001575
	-
	4.875E-05
	5 E-06
	0


Conclusion: 


1.From table 9, it means ,in theory, the scheme 1 is better than the agreed scheme about 0.09*p(4).
please note the P(4) level is about 3E-4 ,so the result is at the level of 1E-5,
and the total Prlc3 is also at the same level.

I admit at this time, the performence gain is very sensitive with the simulation assumption. e.g, the PFA , Bhs setting, even the sample account(if only 10000 sample is used, 1 sample means 1E-5).


Table 11:  RLC retransmission probability at PMD=0.01 in State 3
	w
	EcvsN0
	scheme in [1]
	scheme 1
	scheme 2
	sheme1/..in [1]
	sheme2/..in [1]

	1
	-22.0036
	4.7457E-05
	2.25E-05
	5.09E-06
	47.37%
	10.71%

	2
	-22.0036
	4.7676E-05
	2.27E-05
	5.18E-06
	47.61%
	10.85%


Note : the define of w, see detail above.
Conclusion: 

1. the w have small influence on the result. So it is true that the scheme 1 and scheme 2 is better than the scheme in [1] with any w. 
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Figure 1 RLC retransmission probability with different formula in state 3

3 Conclusion
Proposal 1   As the codebook in scheme 1 would not introduce any more implementation complexity and acquire better performance, we prefer the codebook proposed in scheme 1.
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