3GPP TSG RAN WG1 Meeting #55bis
R1-084179
Prague, Czech Republic, 10 Nov– 14 Nov, 2008
Agenda Item:
7
Source:
Huawei
Title:
Discussion On the HS-DPCCH HARQ-ACKs for Dual-Cell HSDPA Operation
Document for:
Discussion and Decision
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

As we know, RLC retransmission would be triggered while NACK (or DTX )  is false detected as ACK by NodeB receiver. RLC retransmission might lead to a 200ms end-to-end delay, which means  the cost price of delay is noticeable even if the probability of RLC retransmission is very low. For this reason we wish to reduce the RLC retransmission probability. 
In most scenarios, a coding scheme with the minimal probability of RLC retransmission, and maximal minimal code distance or maximal average code distance, is much attractive. In Annex 5.1, we deduce the probability of RLC retransmission.

In this section we present two coding schemes. The first coding scheme based on the agreed coding scheme in CRs[1] has a low RLC retransmission probability. The second coding scheme has a low RLC retransmission probability, and a maximal minimal code distance or a maximal average code distance.

2.1 HARQ-ACK Coding Scheme 1

In this section, coding scheme 1 is presented in Table 1.
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
	1
	0
	0
	1
	1
	0
	0
	1
	1

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

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

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

	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


The codebook use the same code words as those presented in CRs for DC-HSDPA [1].  So the 8 code words’ minimal Hamming distance in coding scheme 1 is still 4, and the average Hamming distance keeps still 160/28 ( see Table 3). We only reinterpret the two ACK-NACK and NACK-ACK code words in [1] to reduce the RLC retransmission probability. 

The codebook in  scheme 1 acquire lower RLC retransmission probability than the original one, as revealed in Table 4(detailed explanation in Annex5.1). Obviously, the codebook in scheme 1 would not introduce any more implementation complexity.

2.2 HARQ-ACK Coding Scheme 2 
In this section, coding scheme 2 is presented in Table 2.

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


In scheme 2, the minimal Hamming distance is 5 when HARQ Preamble and Postamble function is not supported, while the counterpart in [1] is 4. So the codebook in scheme 2 will acquire 1.2dB less power than the scheme in [1] for the same target error probability(see figure 2). In other words, the codebook in coding scheme 2 would get lower error probability than that in coding scheme 1 in the same power, which would reduce RLC retransmission probability. We can see that the codebook in the coding scheme2 can acquire less RLC retransmission probability than the codebook in the coding scheme in State 3 in Table 4. Furthermore, the codebook in coding scheme 2 can acquire greater average code distance than the codebook in [1](see Table3).
Since the performance of minimal code distance is ensured good enough when data is transmitted on two carriers, it is not valuable to introduce a contrary code word when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell.

2.3 Results of Comparison
Table 3   Minimum code distance and the average code distance
	
	Minimum Coding Distance
	Average code distance

	
	Without PRE/POST
	With
PRE/POST
	Without PRE/POST
	With PRE/POST

	Scheme in [1]
	4
	3
	160/28
	246/45

	Scheme 1
	4
	4
	160/28
	250/45

	Scheme 2
	5
	4
	160/28
	250/45


Table 4   Retransmission Probability in State1~State3
	Schemes
	Ericsson

(×10-5)
	Scheme 1

(×10-5)
	Scheme 2

(×10-5)
	Performance gain(Scheme 1 vs Scheme in[1])
	Performance gain(Scheme 2 vs Scheme in[1])

	PRLC1
	1.175
	1.175
	1.175
	1
	1

	PRLC2
	1.175
	1.175
	1.18
	1
	1.0004

	PRLC3
	11.1
	7.3
	4.0
	66%
	36%


Note:  See Annex 5 for detail.
3 Conclusion
Proposal 1   As the codebook in scheme 1 would not introduce any more implementation complexity and acquire better performance, we might take it as an alternative. 

Proposal 2   As we don’t think it valuable to introduce a contrary code word when UE detects a single scheduled transport block on the secondary serving HS-DSCH cell, we prefer the codebook proposed in scheme 2.
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5 Annex 
5.1 RLC Retransmission Probability
Table 6  States of NodeB on two carriers in a subframe (2ms)
	State
	Primary carrier
	Secondary carrier
	RLC Retransmission Probability in special State

	1
	Data ON
	Data OFF
	PRLC1

	2
	Data OFF
	Data ON
	PRLC2

	3
	Data ON
	Data ON
	PRLC3


Table 7 The Retransmisson action  triggered by the code transition in State 1 and State 2

	State 1
	
	State 2

	　
	A_D
	N_D
	D_D
	
	　
	D_A
	D_N
	D_D

	A_D
	-
	-
	-
	
	D_A
	-
	-
	-

	N_D
	H
	-
	-
	
	D_N
	H
	-
	-

	D_D
	H
	-
	-
	
	D_D
	H
	-
	-


Table 8 HARQ-ACK Transition Probability in State 1 and State 2
	State 1
	
	State 2

	　
	A_D
	N_D
	D_D
	
	　
	D_A
	D_N
	D_D

	A_D
	P11'
	P12'
	P19'
	
	D_A
	P33''
	P34''
	P39''

	N_D
	P21'
	P22'
	P29'
	
	D_N
	P43''
	P44''
	P49''

	D_D
	P91'
	P92'
	P99'
	
	D_D
	P93''
	P94''
	P99''


The probability can be given as below in State 1 and State 2:

PRLC1 = PNP21’+ PD P91’
PRLC2 = PNP43’’+ PD P93’’
Note:  P21’ and P43’’ is much lower than 
Table 9 The RLC Retransmisson action  triggered by the code transition in State 3
	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N
	D_D

	A_D
	-
	-
	H
	-
	H
	-
	H
	-
	-

	N_D
	H
	-
	H
	-
	H
	H
	H
	-
	-

	D_A
	H
	-
	-
	-
	H
	H
	-
	-
	-

	D_N
	H
	-
	H
	-
	H
	H
	H
	-
	-

	A_A
	-
	-
	-
	-
	-
	-
	-
	-
	-

	A_N
	-
	-
	H
	-
	H
	-
	H
	-
	-

	N_A
	H
	-
	-
	-
	H
	H
	-
	-
	-

	N_N
	H
	-
	H
	-
	H
	H
	H
	-
	-

	D_D
	H
	-
	H
	-
	H
	H
	H
	-
	-


The H in table 7 presents  High layer retransmission(RLC retransmission).
Table 10 HARQ-ACK Transition Probability in State 3
	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N
	D_D

	A_D
	P11
	P12
	P13
	P14
	P15
	P16
	P17
	P18
	P19

	N_D
	P21
	P22
	P23
	P24
	P25
	P26
	P27
	P28
	P29

	D_A
	P31
	P32
	P33
	P34
	P35
	P36
	P37
	P38
	P39

	D_N
	P41
	P42
	P43
	P44
	P45
	P46
	P47
	P48
	P49

	A_A
	P51
	P52
	P53
	P54
	P55
	P56
	P57
	P58
	P59

	A_N
	P61
	P62
	P63
	P64
	P65
	P66
	P67
	P68
	P69

	N_A
	P71
	P72
	P73
	P74
	P75
	P76
	P77
	P78
	P79

	N_N
	P81
	P82
	P83
	P84
	P85
	P86
	P87
	P88
	P89

	D_D
	P91
	P92
	P93
	P94
	P95
	P96
	P97
	P98
	P99


The UE should feedback signals such as ACK, NACK or DTX to NodeB in any carrier, according to the True detection , Error detection or Miss detection of data received from the NodeB. The probability of sending ACK, NACK or DTX is denoted as PA, PN and PD in any carrier.

Then the probability can be given as below in State 3:

PRLC3 = PDPA (P13 + P15+ P17 + P31 + P35+ P36) +   PD PN (P21 +P23+ P25+P26 +P27+ P41 + P43 + P45 +P46+P47) +  PA PN (P63 + P65+ P67+ P71 + P75+ P76) + PNPN(P81+P83+ P85+ P86+ P87) + PDPD(P91+P93+ P95+ P96+ P97) 
Note: In the formula above, assuming PA =0.9, PN =0.09, PD=0.01, the blue part will be the important one.
In Scheme 1 and Scheme in [1] , as the 8 code words equal to each other, we assume that the transition probability is a  function of the code distance. 
	Table 11 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
	-


PRLC3 = 0.009 (4P(5)+2P(4)) +   0.0009 (P(4)+5P(5)+2P(6)+2P(10)) +  0.081 (P(4)+3*P(5) +2P(10)) + 0.0081(3*P(5)+ P(6)+P(10)) + 0.0001(P91+P93+ P95+ P96+ P97) 
	Table 12 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
	-


PRLC3 = 0.009 (4P(5)+2P(6)) +   0.0009 (P(4)+5P(5)+2P(6)+2P(10)) +  0.081 (P(6)+3*P(5) +2P(10)) + 0.0081(3*P(5)+ P(6)+P(10)) + 0.0001(P91+P93+ P95+ P96+ P97) 
	Table 13 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
	6
	6
	6
	6
	-
	6
	6

	N_A
	5
	5
	6
	6
	6
	6
	-
	6

	N_N
	5
	5
	6
	6
	6
	6
	6
	-


PRLC3 =0.009 (3P(5)) +  0.0009 (5P(5)+4P(6)+P(10)) +  0.081 (P(5)+ 5P(6)) + 0.0081(P(5)+4P(6)) + 0.0001(P91+P93+ P95+ P96+ P97) 
Conclusion: 
1. Compared  scheme 1 with scheme in [1], we can conclude that former perfermence is better than the latter.
2. According the simulation, it shows that the P(5) is 2~3 times of P(6), P(10) is nearly 0; So we can conclude that scheme 2 performence is better than scheme 1.
5.2 Simulation Result
To evaluate the performance of the different formats we consider an AWGN scenario with a maximum likelihood sequence detector at the Rx side. Consequently, the received signal is correlated with all possible code words, and the maximum metric determines the candidate code word. Furthermore, in this evaluation, a detection threshold T to have a PFA = 0.01 for single code.  We do not consider any PRE/POST functionality in this study because it is relevant to RLC retransmission probability.
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Figure 1: Missed detection  for coding schees 
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Figure 2: Error probabilities given detection for different coding schemes
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Figure 3:  RLC Retransmission Probability
Table 13 Error probabilities in State 3 for schemes 1 
	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N
	DTX

	A_D
	0.98912
	0
	0.00024
	0.00018
	0.00016
	0.00052
	0.00002
	0.00015
	0.00961

	N_D
	0
	0.98863
	0.00023
	0.00018
	0.00017
	0.00006
	0.00044
	0.00021
	0.01008

	D_A
	0.00016
	0.00021
	0.98875
	0
	0.0005
	0.00018
	0.0001
	0.00007
	0.01003

	D_N
	0.00018
	0.00023
	0
	0.98826
	0.00005
	0.00021
	0.00019
	0.00048
	0.0104

	A_A
	0.00011
	0.00023
	0.0005
	0.00004
	0.98892
	0.00015
	0.00008
	0
	0.00997

	A_N
	0.0004
	0.00008
	0.0003
	0.00022
	0.00012
	0.9889
	0
	0.00016
	0.00982

	N_A
	0.00005
	0.00049
	0.0003
	0.0001
	0.00022
	0
	0.98867
	0.00017
	0.01

	N_N
	0.00015
	0.00024
	0.00007
	0.00047
	0
	0.00027
	0.00018
	0.98893
	0.00969

	DTX
	0.00989
	0.01062
	0.01039
	0.01021
	0.01048
	0.01067
	0.01067
	0.00986
	0.91721


Table 15  Error probabilities in State 3 for schemes 2

	
	A_D
	N_D
	D_A
	D_N
	A_A
	A_N
	N_A
	N_N
	DTX

	A_D
	0.98908
	0
	0.00013
	0.0001
	0.00011
	0.00006
	0.00021
	0.00015
	0.01016

	N_D
	0
	0.98905
	0.00021
	0.0002
	0.00011
	0.00012
	0.00023
	0.00014
	0.00994

	D_A
	0.00017
	0.00014
	0.98967
	0.00003
	0.00005
	0.00002
	0.00004
	0.00004
	0.00984

	D_N
	0.00016
	0.00012
	0.00002
	0.98919
	0.00006
	0.00004
	0.00006
	0.00004
	0.01031

	A_A
	0.00022
	0.00018
	0.00003
	0.00002
	0.98967
	0.00001
	0.00006
	0.00003
	0.00978

	A_N
	0.00017
	0.00016
	0.00006
	0.00005
	0.00002
	0.98934
	0.00009
	0.00005
	0.01006

	N_A
	0.00034
	0.00027
	0.00012
	0.00012
	0.00009
	0.00008
	0.98022
	0.00007
	0.01869

	N_N
	0.00014
	0.00019
	0.00004
	0.00003
	0.00002
	0.00004
	0.00005
	0.9892
	0.01029

	DTX
	0.01003
	0.00982
	0.01063
	0.0105
	0.01073
	0.0102
	0.01092
	0.01052
	0.91665


























