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1 Introduction
Redundancy Version (RV) signalling is needed for HARQ to inform the receiver which part of encoded bits is selected in transmission. [1, 2] proposed to use implicit RV signalling, i.e. RV is calculated based on CFN. The benefit is that HARQ signalling overhead is reduced and RV signalling itself is extremely robust (not transmitted at all). One drawback is found in [3] that for high data rate where non self-decodable transmissions are used, the scheme cannot guarantee the 1st transmission is always self-decodable. As shown in [3], if non self-decodable version is used for 1st transmission, the decoding might always fail if the code rate is quite high, therefore the system performance is greatly impacted.
The document proposes an improved CFN dependent RV signalling method.
2 RV Signalling
In HSDPA, 3 bit RV is used for signalling redundancy version, from which 1 bit “s” and 2 bit “r” are derived in case of QPSK. The parameter “s” can take the value 0 or 1 to distinguish between transmissions that prioritize systematic bits (s = 1) and non systematic bits (s = 0). The parameter “r” changes the initial error variable eini (one rate matching parameter) in the case of puncturing. In case of repetition both parameters “r” and “s” change the initial error variable eini. RV encoding for QPSK is shown in Table 1 below.
Table 1: RV Coding for QPSK
	Xrv (value)
	s
	r

	0
	1
	0

	1
	0
	0

	2
	1
	1

	3
	0
	1

	4
	1
	2

	5
	0
	2

	6
	1
	3

	7
	0
	3


It is proposed to transmit “s” parameter in E-DPCCH while calculate “r” parameter according to CFN. The method for “r” parameter calculation can be similar as proposed in [2].
The main benefit of this proposal is that it can guarantee that the 1st transmission is always self-decodable since the “s” parameter is explicitly transmitted while enabling to use non-self decodable versions for high data rate. Hence, high data rate transmissions can take the gain from lowered effective coding rate. The signalling overhead is low since only 1 bit is needed to transmit “s” parameter. 
For the scenarios where only self-decodable transmissions are needed, e.g. in SHO areas, the explicit transmission of “s” parameter is not needed. The signalling space of “s” parameter (1 bit) can be allocated to other signalling field to align HARQ signalling design in both SHO and non-SHO. One obvious candidate is NDI. By increasing the number of NDI bits, we can mitigate the soft buffer corruption problems in SHO.
2.1 RV Mapping Rule
Since “s” parameter is transmitted explicitly, only the mapping rule of “r” parameter shall be specified. Followings are two “r” mapping rules. (NOTE: synchronous HARQ is assumed, i.e. HARQ process number is tied to CFN). 
Notations used:
NARQ
number of HARQ processes

Nr

number of redundancy versions (for “r” parameter only)
CFN
Connection Frame Number
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Rule A is similar to “rule 2” defined in [2]. The difference is that Nr (the number of “r” parameter values) is used instead of NRV (the number of redundancy versions). Rule B is designed in a similar way as Rule A, but the output sequence is reversed for the odd segments (in unit of NARQ * Nr).
In the tables below, some examples are given for different values of NARQ and Nr. In the tables, it is assumed that

· The “s” parameter uses the pattern of “1010…” for the same HARQ process.

· The “r” parameter has 2 bits (same as HSDPA), i.e. Nr​=4.

· RV value is calculated as per Table 1.

 It can be seen that the same RV value is never used successively for the same HARQ process.
Table 2: RV Values with NARQ=3 and Nr=4
	CFN
	ARQ
	s
	Rule A
	Rule B

	
	
	
	r
	RV
	r
	RV

	0
	0
	1
	0
	0
	0
	0

	1
	1
	1
	0
	0
	0
	0

	2
	2
	1
	0
	0
	0
	0

	3
	0
	0
	1
	3
	1
	3

	4
	1
	0
	1
	3
	1
	3

	5
	2
	0
	1
	3
	1
	3

	6
	0
	1
	2
	4
	2
	4

	7
	1
	1
	2
	4
	2
	4

	8
	2
	1
	2
	4
	2
	4

	9
	0
	0
	3
	7
	3
	7

	10
	1
	0
	3
	7
	3
	7

	11
	2
	0
	3
	7
	3
	7

	12
	0
	1
	0
	0
	3
	6

	13
	1
	1
	0
	0
	3
	6

	14
	2
	1
	0
	0
	3
	6

	15
	0
	0
	1
	3
	2
	5

	16
	1
	0
	1
	3
	2
	5

	17
	2
	0
	1
	3
	2
	5

	18
	0
	1
	2
	4
	1
	2

	19
	1
	1
	2
	4
	1
	2

	20
	2
	1
	2
	4
	1
	2

	21
	0
	0
	3
	7
	0
	1

	22
	1
	0
	3
	7
	0
	1

	23
	2
	0
	3
	7
	0
	1


Table 3: RV Values with NARQ=5 and Nr=4
	CFN
	ARQ
	s
	Rule A
	Rule B

	
	
	
	r
	RV
	r
	RV

	0
	0
	1
	0
	0
	0
	0

	1
	1
	1
	0
	0
	0
	0

	2
	2
	1
	0
	0
	0
	0

	3
	3
	1
	0
	0
	0
	0

	4
	4
	1
	0
	0
	0
	0

	5
	0
	0
	1
	3
	1
	3

	6
	1
	0
	1
	3
	1
	3

	7
	2
	0
	1
	3
	1
	3

	8
	3
	0
	1
	3
	1
	3

	9
	4
	0
	1
	3
	1
	3

	10
	0
	1
	2
	4
	2
	4

	11
	1
	1
	2
	4
	2
	4

	12
	2
	1
	2
	4
	2
	4

	13
	3
	1
	2
	4
	2
	4

	14
	4
	1
	2
	4
	2
	4

	15
	0
	0
	3
	7
	3
	7

	16
	1
	0
	3
	7
	3
	7

	17
	2
	0
	3
	7
	3
	7

	18
	3
	0
	3
	7
	3
	7

	19
	4
	0
	3
	7
	3
	7

	20
	0
	1
	0
	0
	3
	6

	21
	1
	1
	0
	0
	3
	6

	22
	2
	1
	0
	0
	3
	6

	23
	3
	1
	0
	0
	3
	6

	24
	4
	1
	0
	0
	3
	6

	25
	0
	0
	1
	3
	2
	5

	26
	1
	0
	1
	3
	2
	5

	27
	2
	0
	1
	3
	2
	5

	28
	3
	0
	1
	3
	2
	5

	29
	4
	0
	1
	3
	2
	5

	30
	0
	1
	2
	4
	1
	2

	31
	1
	1
	2
	4
	1
	2

	32
	2
	1
	2
	4
	1
	2

	33
	3
	1
	2
	4
	1
	2

	34
	4
	1
	2
	4
	1
	2

	35
	0
	0
	3
	7
	0
	1

	36
	1
	0
	3
	7
	0
	1

	37
	2
	0
	3
	7
	0
	1

	38
	3
	0
	3
	7
	0
	1

	39
	4
	0
	3
	7
	0
	1


2.2 RV Value Coverage Problem

One issue is that all RV values are not available for some cases. For example, in Table 2, for Rule A, only RV values (0, 3, 4, 7) are available while totally 8 RV values exist. The reason is that if the association rule of “s” parameter pattern and “r” parameter calculation rule is not defined, some of the “r” parameter values are never available for one particular “s” parameter. For example, in Table 2, for Rule A, “r” parameter values (1, 3) are never used in combination with s=1.
The problem can be solved by explicitly defining the “s” parameter transmission pattern and the associated “r” parameter calculation rule. In this way, we can guarantee that all RV values are available for each HARQ process.
For example, in Table 2, “s” parameter transmission pattern “1010…” is used for the same HARQ process. Rule B ensures that all possible RV values are used.
3 Conclusion
One improved RV signalling method is proposed in this contribution. In the proposal, “s” parameter is transmitted explicitly in E-DPCCH while “r” parameter is calculated based on CFN. The proposal can reduce the signaling overhead while avoiding any possible performance loss in high data rate transmission. 

We propose to adopt the followings as the working assumptions and capture them into RAN1 TR 25.808.
· “r” parameter is calculated from CFN.

· In case of non-SHO, 1-bit “s” parameter as well as 1-bit NDI is signalled. Explicitly define the “s” parameter transmission pattern and the associated “r” parameter calculation rule to guarantee that all redundancy versions are transmitted.
· In case of SHO, only self-decodable redundancy versions are transmitted and hence, “s” parameter is not signalled. Instead, 2-bit NDI is used to mitigate the soft buffer corruption problem. 
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