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1. Introduction

In the 3GPP TSG RAN WG1 24th meeting held at Orlando, we proposed a guideline for definition and selection of the redundancy versions for Hybrid ARQ functionality[1]. According to the document, the guideline could be written as

· Non-transmitted parity bits shall be sent with highest priority in re-transmission stage. If a physical channel has still some rooms, systematic bits shall be resent as next priority. After that, RVs shall be selected so that the power per bit is to be averaged between the systematic bits and parity bits.

On the other hand, the redundancy versions proposed by [2] were approved for Rel’5 specification; however, the proposed RVs and its combinations is not optimum because the above guideline was not taken into account. 

In order to apply the above guideline, we need to change the “eini” in every re-transmission so that we can send non-transmitted bits more efficiently. Therefore, we propose to correct the formula for eini calculation. The characteristics of the proposed formula are as follows:

1) in case of self-decodable RVs (s=1), the formula identical to the current formula,

2) in case of non-self-decodable RVs (s=0), the obtained eini is different compared with self-decodable RVs in spite of using the same “r” since some offset is taken into account,

3) the repetition case can be merged into proposed formula.

Because we can obtain different eini value between self-decodable RVs and non-self-decodable RVs by using our proposed formula, the PER performance is improved. Actually, simulation results show that the improvement in the Ior/Ioc value can be 1.3 [dB] at 10% of PER under AWGN environment.

Finally, a text proposal for CR is also given in Annex.

2. HARQ parameters defined in Rel’5

Table 1 and Table 2 show the HARQ parameters "Xrv" defined in Rel’5[4]. Although the value of “rmax” is not clearly defined in the specification, we can consider that rmax =2 for 16QAM and rmax =4 for QPSK.

Table 1. RV Coding for 16QAM (rmax =2) defined in [4].

HARQ Parameter Xrv  (Value)
RV Version
Constellation Rearrangement Parameter Value



RV Parameter Value
B



s
r


0
RV0
1
0
0

1
RV1
0
0
0

2
RV2
1
1
1

3
RV3
0
1
1

4
RV0
1
0
1

5
RV0
1
0
2

6
RV0
1
0
3

7
RV2
1
1
0

Table 2. RV Coding for QPSK (rmax =4) defined in [4].

HARQ Parameter Xrv  (Value)
RV Version



RV Parameter Value



s
r

0
RV0
1
0

1
RV1
0
0

2
RV2
1
1

3
RV3
0
1

4
RV4
1
2

5
RV5
0
2

6
RV6
1
3

7
RV7
0
3

3. Proposed formula for eini
3.1. New formula

In order to realize different initial values between self-decodable and non-self-decodable RVs, we propose to correct the description of eini formula as

[image: image1.wmf](

)

(

)

(

)

[

]

{

}

1

mod

1

2

/

1

2

)

(

max

+

-

×

×

+

-

×

-

=

plus

plus

i

ini

e

r

e

s

r

X

r

e

,

where 
[image: image2.wmf]{

}

1

,

,

1

,

0

max

-

Î

r

r

L

 and rmax is the total number of redundancy versions allowed by varying r. Note that the value of rmax  depends on the modulation mode. It means that rmax =2 for 16QAM and rmax =4 for QPSK. 
3.2. Definition of the RVs based on the new formula

According to the new formula, we can define redundancy and constellation version for 16QAM and QPSK in conjunction with “s”,”r” and “b” as shown in table 3 and 4.

Table 3. Proposed RV Coding for 16QAM (rmax =2).

HARQ Parameter Xrv  (Value)
RV Version
Constellation Rearrangement Parameter Value



RV Parameter Value
B



s
R


0
RV0
1
0
0

1
RV1
0
0
1

2
RV2
1
1
2

3
RV3
0
1
3

4
RV0
1
0
1

5
RV0
1
0
2

6
RV0
1
0
3

7
RV2
1
1
1

Table 4. Proposed RV Coding for QPSK (rmax =4).

HARQ Parameter Xrv  (Value)
RV Version



RV Parameter Value



s
r

0
RV0
1
0

1
RV1
0
0

2
RV2
1
2

3
RV3
0
2

4
RV4
1
1

5
RV5
0
1

6
RV6
1
3

7
RV7
0
3

4. Simulations

4.1. Conditions

The new RVs based on the proposed formula were evaluated. The symbol level simulator considered all of the HARQ related functions such as bit mapping, constellation re-arrangement and dual interleaver defined in Rel’5. It was assumed that IR buffer was full and various coding rates from 0.417 to 0.75 were considered as in [2]. Table 5 shows simulation conditions.

Table 5. Simulation conditions

Parameter
Value

Carrier Frequency
2GHz

Propagation conditions
1 path

Channel
AWGN

CPICH relative power
10% (-10dB)

Ec/Ior
-1dB

Closed loop Power Control
OFF

HSDPA frame Length
2 ms (3 slots)

Spreading factor
16

The number of code
1

Ior/(Ioc+No)
Variable

Channel Estimation
Ideal

Modulations
16QAM

Coding rate
0.417 – 0.75

IR buffer
Full

Channel coding
Rel’99 Turbo code (PCCC), 

Max no. of iterations for Turbo Coder
8

Metric for Turbo Coder
Max-log MAP

Input to Turbo Decoder
Soft

Number of Rake fingers
1

Transmitter diversity
STTD is not applied.

Channel interleaving
Rel’5

4.2. Simulation results

Simulation results are shown in Table 6. Only the 16QAM case was evaluated. In the table, the values denote improvement of Ior/Ioc at 10% of PER in dB over the PER performance curve. RVx(y) shows to apply the redundancy version “x” and constellation version “y”. In the simulation, we selected partial IR when the puncturing rates are 20% and 33% in order to have optimum performance in 2nd transmission. 
4.3. Consideration

From the table 6, it is clear that the current definition of RVs and its combinations in re-transmissions are not optimized enough. By applying the proposed formula for eini, we could have maximally 1.3 dB gain in Ior/Ioc at lower coding rate. The new RVs based on the proposed formula give superior performance over the current definition in the specification. 

Although simulation results on the QPSK case defined in the table 5 are not shown, we can expect the similar performance improvement regarding the RV selection. 

Table 6. Ior/Ioc gain in dB @ 10% of PER for 2nd, 3rd, and 4th transmission with respect to current specification.

Overall

Code Rate
Puncturing Rate

of 2nd RM
Current Specification  
Proposal of TI

0.417
20 %
1st TX
RV0(0)
0.0
RV0(0)
0.0



2nd TX
RV2(1)
0.0
RV2(1)
0.0



3rd TX
RV0(1)
0.0
RV0(2)
0.35



4th TX
RV2(0)
0.0
RV2(3)
1.3

0.5
33 %
1st TX
RV0(0)
0.0
RV0(0)
0.0



2nd TX
RV2(1)
0.0
RV2(1)
0.0



3rd TX
RV0(1)
0.0
RV0(3)
0.1



4th TX
RV2(0)
0.0
RV2(3)
0.3

0.667
50 %
1st TX
RV0(0)
0.0
RV0(0)
0.0



2nd TX
RV1(0)
0.0
RV1(1)
0.0



3rd TX
RV2(1)
0.0
RV2(3)
0.28



4th TX
RV3(1)
0.0
RV3(2)
0.27

0.75
56 %
1st TX
RV0(0)
0.0
RV0(0)
0.0



2nd TX
RV1(0)
0.0
RV1(1)
0.15



3rd TX
RV2(1)
0.0
RV2(3)
0.2



4th TX
RV3(1)
0.0
RV3(2)
0.25

5. Conclusions

We proposed a new formula for eini calculation on second rate-matching and redundancy and constellation version coding for 16QAM and QPSK. The simulation results showed that we could obtain sufficient gain by using proposed method. A text proposal for change request was also shown.

References

[1] R1-02-0369, On the selection of the redundancy versions for HARQ functionality, TI

[2] R1-02-0273, DL Signaling for 2-Stage Rate Matching and Constellation Rearrangement, Panasonic

[3] TR25.848, High Speed Downlink Packet Access Physical Layer Aspects, V1.1.2

[4] TS25.212, Multiplexing and channel coding (FDD), V5.0.0

Annex: Text proposal for CR

3GPP TSG-RAN WG1 Meeting #25 
R1-02-DRAFT

Paris, FRANCE, April 9-12, 2002
CR-Form-v6.1

CHANGE REQUEST



(

25.212
CR

(

rev
-
(

Current version:
5.0.0
(



Spec Title: 
Multiplexing and channel coding (FDD)
(




For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.



Proposed change affects:
(

(U)SIM

ME/UE
x
Radio Access Network
x
Core Network




Title:
(

CR to the formula for 2nd rate matching parameter eini and RV coding parameter tables




Source:
(

Texas Instruments




Work item code:
(

HSDPA

Date: (

9-Apr-2002







Category:
(

F

Release: (

REL-5


Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
Use one of the following releases:
2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
REL-4
(Release 4)
REL-5
(Release 5)




Reason for change:
(

To reflect the optimum HARQ parameters.




Summary of change:
(

1. Modify the formula for 2nd rate matching parameter eini.
2. Modify RV coding parameter tables.
3. Specified the value of rmax explicitly.




Consequences if 
(

not approved:
HARQ parameters are not optimized enough.




Clauses affected:
(

4.5.4.3, 4.6.2




Other specs
(


 Other core specifications
(



affected:

 Test specifications




 O&M Specifications





Other comments:
(



How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at: http://www.3gpp.org/3G_Specs/CRs.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

4.5.4.3
HARQ Second Rate Matching Stage

HARQ second stage rate matching for the HS-DSCH transport channel shall be done with the general method described in 4.2.7.5 above with the following specific parameters.

The parameters of the second rate matching stage depend on the value of the RV parameters s and r. The parameter s can take the value 0 or 1 to distinguish self-decodable (s = 1) and non self-decodable (s = 0) transmissions. The parameter r (range 0 to rmax) changes the initial error variable eini in the case of puncturing. In case of repetition both parameters r and s change the initial error variable eini. The parameters X, eplus and eminus are calculated as per table 10 below.

Denote the number of bits before second rate matching as Nsys for the systematic bits, Np1 for the parity 1 bits, and Np2 for the parity 2 bits, respectively. Denote the number of physical channels used for the CCTrCH by P. Ndata is the number of bits available to the CCTrCH in one radio frame and defined as Ndata=P(3(Ndata1, where Ndata1 is defined in [2]. The rate matching parameters are determined as follows.
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, puncturing is performed in the second rate matching stage. The number of transmitted systematic bits in a retransmission is 
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 repetition is performed in the second rate matching stage. A similar repetition rate in all bit streams is achieved by setting the number of transmitted systematic bits to 
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The number of parity bits in a transmission is: 
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 for the parity 1 and parity 2 bits, respectively.

Table 10 below summarizes the resulting parameter choice for the second rate matching stage. The parameter a in the table is chosen using a = 2 for parity 1 and a = 1 for parity 2.

Table 10: Parameters for HARQ second rate matching


Xi
eplus
eminus

Systematic
RM S
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The rate matching parameter eini  is calculated for each bit stream according to the RV parameters r and s using
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. Note that rmax varies depending on the modulation mode, i.e., rmax=2 for 16QAM and rmax=4 for QPSK.
Note: For the modulo operation the following clarification is used: the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).
4.6.2
Redundancy and constellation version coding

The redundancy version (RV) parameters r, s and constellation version parameter b are coded jointly to produce the value Xrv. Xrv is alternatively represented as the sequence xrv,1, xrv,2, xrv,3 where xrv,1 is the msb. This is done according to the following tables according to the modulation mode used:

Table 12: RV coding for 16 QAM

Xrv (value)
s
r
b

0
1
0
0

1
0
0
1

2
1
1
3

3
0
1
2

4
1
0
1

5
1
0
2

6
1
0
3

7
1
1
1

Table 13: RV coding for QPSK

Xrv (value)
s
r

0
1
0

1
0
0

2
1
2

3
0
2

4
1
1

5
0
1

6
1
3

7
0
3
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