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1. Introduction

In [1] a generic structure of the physical layer HSDPA HARQ functionality has been presented, including details on the rate matching parameter settings. This paper aims at showing the flexibility and performance of this two-stage rate matching structure. Exemplary strategies to combine different redundancy versions and reduced num​ber of codes in retransmissions are presented and compared in terms of decoding gain and code consumption. 

2. Structure of Two-Stage Rate Matching 

Fig. 1 shows the general structure of the physical layer HARQ functionality, which consists of two rate matching stages. The first rate matching stage is identical to release 99 except that the number of output bits matches the number of soft bits available at the UE instead of the number of physical channel bits. The number of bits per TTI after first rate matching is denoted as Nsys for the systematic bits, Np1 for the parity 1 bits, and Np2 for the parity 2 bits, respectively. 
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Fig. 1: Structure of the physical layer Hybrid ARQ functionality 

The second rate matching stage matches the number of bits after first rate matching to the number of physical channel bits available in the HS-DSCH TTI, which is denoted as Ndata = Nt,sys+Nt,p1+Nt,p2. This is performed using also the release 99 rate matching algorithm. However, the rate matching only considers bits that have not been punctured by the first rate matching stage and the rate matching parameters used in a particular transmis​sion are controlled by the redundancy version (RV) parameter [1]. The first bit of the RV parameter s distin​guishes transmissions of self-decodable and non self-decodable type, whereas the second bit r changes the initial error variable eini. Note that a transmission of self-decodable type is only actually self-decodable, if the number of bits per TTI exceeds the number of systematic bits, otherwise a selection of the systematic bits will be sent.

Table 1: RV Parameter Mapping

RV
self-decodability s
eini variation parameter r

00
0 (no)
0

01
0 (no)
1

10
1 (yes)
0

11
1 (yes)
1

Depending on the number of codes assigned to a specific UE in a certain TTI, we distinguish between 

· repetition in the second rate matching stage, i.e., 
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 (denoted as case R), 
· puncturing in the second rate matching stage, i.e., 
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 (denoted as case P), 
· the case of 
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 (denoted as case PP).
3. Implementation of different IR schemes
The two-stage rate matching structure of Fig. 1 allows to implement different IR schemes, like full IR, partial IR, Chase combining and partial Chase combining in a flexible way. Table 2 shows the corresponding parameter settings for initial transmission and retransmission. A * denotes that any valid value of the corresponding parameter may be chosen. If for a specific parameter a pair of values is given for initial transmission and retransmission, either the first value or the second value have to be chosen for both transmissions.

Table 2: Parameter Settings for different IR schemes

IR scheme
Initial transmission
Retransmission


2nd RM
case
RV parameter
2nd RM
case
RV parameter
Ndata
change



s
r

s
r


Chase 
{P,R}
1
{0,1}
{P,R}
1
{0,1}
no

Partial Chase 
{P,R}
1
{0,1}
PP
1
{*,*}
yes

Partial IR
{P,R}
1
{0,1}
{P,R}
1
{1,0}
*

Full IR
{P,R}
1
{0,1}
{P,R}
0
{1,0}
*

Chase combining is implemented by simply using the same RV parameters and identical number of codes in initial transmissions and retransmission. Partial Chase combining allows, at the expense of an increased delay, to save system resources, since the cumulative consumption of (code) resources increases slowly with the number of transmissions. Partial Chase combining is implemented if the number of codes assigned in the retransmission results in less channel bits than systematic bits (case PP). By setting s = 1 a selection of systematic bits are sent in the second transmission. The eini variation parameter r may take any value in the first retransmission. For the second retransmission another value of r can be used, which allows to transmit different systematic bits com​pared to the first retransmission.

Partial IR combines self-decodability of retransmissions and IR decoding gain. Partial IR is achieved in the retransmission by setting s = 1 and using a different value for r than in the initial transmission. The retransmis​sion may use an arbitrary number of codes. Even higher decoding gain is obtained using full IR, where the set​tings are identical to the Partial IR, except that s = 0 is used in the retransmission. 

4. IR with reduced number of codes 

A retransmission with identical number of codes would yield 3 dB gain for Chase Combining and even more for IR, which may be more than actually required. For improved adaptation to the channel and to save code resources, the number of codes can be reduced for retransmissions. In the sequel some examples are provided, that show how two-stage rate matching can be combined with such a reduction.

IR decoding gain is maximized if in the retransmission only additional (or "orthogonal") parity bits are sent. While the two-stage rate matching can in general not guarantee this for arbitrary number of codes in the retrans​mission, it can achieve it for certain combinations of the number of codes in initial transmission n1 and in the second transmission n2. For Partial IR exact orthogonality is achieved if n2 = n1, for Full IR n2 has to be equal to 1/4 n1, 1/2 n1, 3/4 n1 for code rates of 3/4, 1/2 and 1/4, respectively. However, an arbitrary combinations of n2 and n1 performs quite similar in most of the cases, as explained below. For R = 3/4 and arbitrary combinations of n1 and n2 only 1/6 of the parity bits are not orthogonal. As an example, for R = 3/4 and n2 = 3/4 n1 the result​ing "effective" code rate after two transmissions is R = 0.46 instead of R = 0.43 for exactly orthogonal IR bits and no significant performance difference is expected. For a code rate of R = 1/2, all parity bits are sent at least once after the second transmission even if the number of codes is reduced by 50%. For R ( 1/3 this is even the case after the initial transmission. In these two cases, the exact choice of bits is no longer as important, since we enter the repetition domain, where no additional decoding gain is achieved. Still, eini variation allows to select different bit for repetition and achieves an equal energy accumulation across the TTI. 

5. Strategies for full and partial IR

This section is intended to show a few examples, how the scheduler may take advantage of the HARQ function​ality outlined above and in [1]. In particular we elaborate how the concepts of IR, reducing the number of codes for retransmissions and eini variation can be combined to optimize both, link-level performance and consumption of system resources. For simplicity, we use the following criteria for comparison:

· the cumulative number of codes used in all transmissions Ncodes as a measure for the consumed resources,

· the Ior/Ioc gain at 10% FER compared to the initial transmission with n1 codes as a measure for link-level performance.

By normalizing the cumulative number of used codes to the number n1 in the initial transmission a generic way to compare different strategies is obtained.

5.1. Comparison of different redundancy version sequences for code rate 1/2

In the following section different redundancy version sequences of full IR and partial IR type are compared to Chase Combining. Table 4 shows the different strategies and their performance for 16-QAM, R = 1/2 in the AWGN channel. 

Scheme 2 implements Full IR with orthogonal bits by using half of the codes in the first retransmission, as described above. In the third transmission different bits are repeated again by altering eini. Scheme 1 is used as point of reference for Scheme 2. It uses the same code resources but does not apply eini variation. We see that eini variation gives us additionally 1.1 dB gain after the second transmission and 1.5 dB after the third transmission.

Scheme 3 maintains self-decodability in the second transmission and implements Partial IR by eini variation. After two transmissions, it achieves similar decoding gain with identical number of codes as Scheme 2 does after three transmissions. Therefore Scheme 3 is favourable in situation where focus is on packet call delay. 

As a further point of reference Chase Combining is also shown (Scheme 4). It performs about 0.7 dB worse than Partials IR after the second transmission. After three transmissions a combined Partial / Full IR strategy as in Scheme 3 allows to save 17% of code resources compared to Chase combining at even slightly better Ior/Ioc.

A graphical comparison of the four schemes is depicted in Fig. 1. The x-axis is the number of transmissions and therefore a simple measure for the delay. The width of the bars is proportional to the cumulative number of codes used (also shown as figures at the bottom of the bars, given in multiples of the initial number of codes n1). Thus a good strategy would give us narrow, but high bars. It is obvious, that Scheme 2 performs best if focus is on conservative resource consumption, since it slowly increases the number of codes from n1 to 1.5 n1 and finally to 2.0 n1 and at the same time provides IR decoding gain using eini variation. Scheme 3 is advantageous if packet call delay is the major criterion, since for each number of transmissions it shows the maximum decoding gain.

Table 4: Comparison of redundancy version sequences for code rate 1/2

Scheme
transmission 1
transmission 2
transmission 3

1.
without
eini variation
number of codes
n1
0.5 n1
0.5 n1


self-decodability s
1
0
0


eini variation parameter r
0
0
0


cumulative number of codes N
n1
1.5 n1
2 n1


Ior/Ioc gain at 10% FER
0 dB
1.6 dB
2.3 dB

2.
Full IR
eini variation
number of codes
n1
0.5 n1
0.5 n1


self-decodability s
1
0
0


eini variation parameter r
0
1
0


cumulative number of codes N
n1
1.5 n1
2 n1


Ior/Ioc gain at 10% FER
0 dB
2.7 dB
3.8 dB

3.
Partial IR/
Full IR
eini variation
number of codes
n1
n1
0.5 n1


self-decodability s
1
1
0


eini variation parameter r
0
1
0


cumulative number of codes N
n1
2 n1
2.5 n1


Ior/Ioc gain at 10% FER
0 dB
3.7 dB
4. 8 dB

4.
Chase
number of codes
n1
n1
n1


self-decodability s
1
1
1


eini variation parameter r
0
0
0


cumulative number of codes N
n1
2 n1
3 n1


Ior/Ioc gain at 10% FER
0 dB
3 dB
4.6 dB
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Fig. 1: Comparison of different HARQ schemes for R = 1/2

5.2. Comparison of different redundancy version sequences for code rate 3/4

Table 5 shows a similar comparison for 16-QAM, R = 3/4 in the AWGN channel. The investigated schemes are similar to those in section 5.1. For the full IR scheme a code reduction to 75% in retransmissions has been cho​sen. Although this does not result in orthogonal parity bits, it allows to send exactly all parity bits within trans​missions two and three.

For R = 3/4 it is observed that Full IR using eini variation (Scheme 2) at the same time preserves code resources and provides superior IR decoding gain. After the second transmission it performs 0.7 dB better than Partial IR and uses 13% less code resources. 

Table 5: Comparison of redundancy version sequences for code rate 3/4

Scheme
transmission 1
transmission 2
transmission 3

1.
without
eini variation

number of codes
n1
0.75 n1
0.75 n1


self-decodability s
1
0
0


eini variation parameter r
0
0
0


cumulative number of codes N
n1
1.75 n1
2.5 n1


Ior/Ioc gain at 10% FER
0 dB
4.0 dB
5.0 dB

2.
Full IR
eini variation
number of codes
n1
0.75 n1
0.75 n1


self-decodability s
1
0
0


eini variation parameter r
0
1
0


cumulative number of codes N
n1
1.75 n1
2.5 n1


Ior/Ioc gain at 10% FER
0 dB
4.5 dB
6.5 dB

3.
Partial IR/
Full IR
eini variation
number of codes
n1
n1
0.75 n1


self-decodability s
1
1
0


eini variation parameter r
0
1
0


cumulative number of codes N
n1
2 n1
2.75 n1


Ior/Ioc gain at 10% FER
0 dB
3.8 dB
6.3 dB

4.
Chase 
number of codes
n1
n1
n1


self-decodability s
1
1
1


eini variation parameter r
0
0
0


cumulative number of codes N
n1
2 n1
3 n1


Ior/Ioc gain at 10% FER
0 dB
3 dB
4.6 dB

Fig. 2 depicts a similar graphical comparison as Fig. 1 above. Comparing Scheme 1 and Scheme 2 we see that simple eini variation boosts the decoding gain by 0.5 dB and 1.5 dB after the second and third transmission, respectively. For R = 3/4, the advantage of self-decodability for Partial IR is obtained at the expense of 0.7 dB less decoding gain and 15% higher code consumption.
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Fig. 2: Comparison of different HARQ schemes for R = 3/4

6. Conclusion 

Based on a few examples, this contribution shows the flexibility of the HSDPA HARQ functionality based on two-stage rate matching and 2 bit RV parameter. One bit signalling is used to distinguish transmissions of self-decodable or non self-decodable type and one bit is used to vary the initial error variable eini. Thus a very flexible implementation of Chase combining, partial Chase combining, Full IR and Partial IR is possible. Provided that the UE buffer allows using it, Full IR provides high decoding gain especially in the case of high code rates, like R = 3/4. For R = 1/2, Partial IR provides both, self-decodability and substantial decoding gain. In case of code shortage, partial Chase may be used and different sets of bits can be selected by varying the RV parameters. The variation of eini proves to be a very simple way to implement partial IR in general and to optimise the perform​ance of Full IR and Partial Chase after the 3rd transmission.

In summary, the realization of the HSDPA HARQ functionality as outlined in [2] according to [1] provides a simple yet very flexible way to implement Chase combining, partial Chase combining, Full IR and Partial IR. The scheduler can effectively trade-off consumption of code resources and decoding gain (and as a result the packet call delay) to match the actual state of the network. We therefore recommend to include the text proposal given in [1] into the technical report.
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