Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Rel-6 Ad Hoc
               R1-040752
Cannes, France 
June 21 – 24, 2004

Agenda item:

6.4
FDD Enhanced Uplink – HARQ

Source: 
Nokia
Title: 
Implicit Redundancy Version for IR HARQ Scheme

Document for:

Discussion and Decision

1
Introduction

In a similar fashion as for HSDPA, incremental redundancy can be supported in HSUPA by creating different redundancy versions in the transmitter and using HARQ combining in the receiver. This is done in rate matching by using different values of a parameter named RV (redundancy version). The knowledge of RV is critical to the decoding process (taking place in Node B in case of HSUPA). A wrong value of RV leads to adverse effects (e.g. corruption of the soft buffer).

Thus, because the knowledge of RV is critical, a first obvious solution for HSUPA is to have it explicitly signalled with strong forward error correction (channel coding) and strong error detection (through the use of a large CRC). Unfortunately this leads to a significant overhead, which translates into capacity loss.

An alternative as proposed by Siemens [1] is: “in order to avoid signalling problems, the redundancy version parameters should be calculated implicitly. This can be done e.g. by deriving the parameters from the connection frame number.” Not only implicit calculation avoids any overhead but also averts possible misreading of RV. The purpose of this contribution is to explain how this can be done in practise.

2
Implicit Calculation of RV

Instead of signalling the RV in UL, it is implicitly known by the transmitter (UE) and receiver (Node B) thanks to a calculation rule based on the connection frame number (CFN), the maximum number of HARQ processed and maximum number of redundancies. The proposed calculation rules below ensure that the same RV number is never used successively for the same HARQ process, and that all possible RV are used for one HARQ process if needed.

Notation used:

NARQ
number of synchronous HARQ processes

NRV
number of redundancy versions

CFN
connection frame number
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A first calculation rule for deriving RV from NARQ, NRV and CFN is:
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NOTE: 
The test is required to ensure that in case NARQ  is a multiple of NRV, a different RV is used always in consecutive (re)transmissions of the same HARQ process. 

Another calculation rule for is:
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The difference between the two rules lies in the way the RV are output. The first rule provides more “diverse” RV numbers. In the tables below, some examples are given for different values of NARQ, NRV and CFN. One can easily check that indeed, the two rules ensure that the same RV number is never used successively for the same HARQ process, and that all possible RVs are used for one HARQ process.

Table 1. RV values with NARQ = 4 and NRV = 2
	CFN
	ARQ
	RV (rule 1)
	RV (rule 2)

	0
	0
	0
	0

	1
	1
	1
	0

	2
	2
	0
	0

	3
	3
	1
	0

	4
	0
	1
	1

	5
	1
	0
	1

	6
	2
	1
	1

	7
	3
	0
	1

	8
	0
	0
	0

	9
	1
	1
	0

	10
	2
	0
	0

	11
	3
	1
	0

	12
	0
	1
	1

	13
	1
	0
	1

	14
	2
	1
	1

	15
	3
	0
	1

	16
	0
	0
	0


Table 2. RV values with NARQ = 3 and NRV = 2
	CFN
	ARQ
	RV (rule 1)
	RV (rule 2)

	0
	0
	0
	0

	1
	1
	1
	0

	2
	2
	0
	0

	3
	0
	1
	1

	4
	1
	0
	1

	5
	2
	1
	1

	6
	0
	0
	0

	7
	1
	1
	0

	8
	2
	0
	0

	9
	0
	1
	1

	10
	1
	0
	1

	11
	2
	1
	1

	12
	0
	0
	0

	13
	1
	1
	0

	14
	2
	0
	0

	15
	0
	1
	1

	16
	1
	0
	1


Table 3. RV values with NARQ = 5 and NRV = 4
	CFN
	ARQ
	RV (Rule 1)
	RV (Rule 2)

	0
	0
	0
	0

	1
	1
	1
	0

	2
	2
	2
	0

	3
	3
	3
	0

	4
	4
	0
	0

	5
	0
	1
	1

	6
	1
	2
	1

	7
	2
	3
	1

	8
	3
	0
	1

	9
	4
	1
	1

	10
	0
	2
	2

	11
	1
	3
	2

	12
	2
	0
	2

	13
	3
	1
	2

	14
	4
	2
	2

	15
	0
	3
	3

	16
	1
	0
	3


Currently, the CFN refers to 10 ms radio frames. If the TTI is 10 ms then the above schemes are fine. However, if a shorter TTI, e.g., 2 ms TTI is specified, then some new TTI numbering is needed. For instance, each 2 ms subframe could be given a subframe number (0-4) and in the above formulas instead of CFN, the following TTI number could be used (for instance): TTI number = 5*CFN + subframe number.

5
Conclusions

Because the knowledge of RV is critical  to HARQ combining at the Node B, it is proposed, so as to avoid additional overhead and possible misreading of RV, to calculate it implicitly as proposed in this contribution (one of the two calculation rules should be selected).
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