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1. Introduction
       In the preparation of Release99, Hybrid ARQ has been shown to have the potential of efficiently enhancing the performance of high data transmission by transmitting incremental redundancy at the request of the receiver. In order to support the general mechanism, required signaling, and combining of existing information with incremental redundancy, the specifications for physical layer, as well as for higher layers have been investigated [1]-[4]. It was also decided to support the operation of Hybrid ARQ Type II/III in further development of the RLC protocol by RAN WG2. A detailed discussion of Hybrid ARQ schemes from the point of view of the higher layers has been well discussed. In addition, the work on the physical layer aspects of Hybrid ARQ Type II/III has investigated in RAN WG1 briefly [1]. In fact, it has been determined that this feature would be treated as a feature of TDD and FDD of Release2000 in the last RAN meeting [5].

      The Hybrid ARQ operation is managed by the retransmission protocol of the RLC located in the upper layers. However, for the Hybrid ARQ Type II/III, which takes the advantages of forward error correction (FEC) and Automatic Repeat Request (ARQ), some support from the physical layer is needed. In the preparation of Release99, a detailed discussion of Hybrid ARQ schemes from the point of view of the physical layer has not been well discussed. Furthermore in the previous investigation, Hybrid ARQ using convolutional codes as a forward error correction has been considered mostly [2],[3]. However, there have been some changes in channel coding and multiplexing in the Release99. Turbo codes was adopted as an error correcting code for services in which block size of input data is greater than or equal to 40. So, in order to improve performance of Hybrid ARQ in UTRAN and UE, the coding aspects of  a Hybrid ARQ scheme with turbo codes as well as convolutional codes should be investigated in the Release2000. In order to support the general mechanism for a Hybrid ARQ, this work will affect the specifications for physical layer as well as upper layer However, it would be desirable that a new HARQ scheme should not provide much impact on the current Release’99 physical layer structure for compatibility.

    In this contribution, we consider the basic model of Hybrid ARQ Type II/III  in physical layer side in considering high layer signaling protocol in [1],[6],[7]. In the transmitter side, a coded data block is segmented into three sub data blocks and each sub block is retransmitted as the receiver requests a retransmission according to the protocol in [6]. Note that this is a basic physical model and more investigation is required to improve DL performance using HARQ Type II/III. However in this contribution, it is intended to show that there is so large DL performance improvement even though a very simple physical scheme modification is introduced.
2. Simulation Results

In order to compare performance of Hybrid ARQ Type II/III for convolutional codes and turbo codes with HARQ Type I, a basic simulation was performed in DL. The error free reverse message channel is assumed. The following parameters and environment have been considered. 

· Transport channel multiplexing structure for downlink is used according to TS25.212

· @ 24.8kbps, TTI=20msec, TrBlk size= 496 bits

· Channel model: AWGN

· A simple HARQ TYPE II protocol with 3 steps for incremental redundancy is used according to [1],[4].

· Redundancy selection is required on the transmitting side. For simulation, it is intended to transmit data blocks with the same size for each retransmission.

Code rate
First redundancy version
Second redundancy version
Third redundancy version

1/3
1
1/2
1/3

· For retransmission a different set of redundancy is used. All received version of the redundancy have to be combined before channel decoding is applied.

· After combining, the same channel decoder (convolutional codes or turbo codes) as for HARQ Type I is used.
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Fig. 1. Throughput of R=1/3 convolutional codes using Hybrid ARQ Type II in DL.
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Fig. 2. Throughput of R=1/3 turbo codes using Hybrid ARQ Type II in DL.
Fig. 1 shows that throughput of R=1/3 convolutional codes using HARQ Type II can yield better performance than HARQ Type I of the current scheme in Release99. If the current HARQ Type I is used for this analysis then it will provide about 31.7% throughput at high Es/No because its code rate is fixed to R=1/3 regardless of Es/No. For example, at Es/No of 0.23dB, the proposed simple HARQ Type II scheme can provide 47.9% throughput. So, there is a throughput increase of about 16.2% if retransmission is allowed to use redundancy selection and code combining for HARQ Type II. Note that HARQ Type II scheme can provide improved DL performance even though a simple modification was introduced in the current Transport channel and multiplexing structure.

In fact, throughput depends on the parameters of high layer signaling such as maximum round trip delay, maximum processing time for retransmission, maximum and minimum data block size or packet size, etc. However, there is a possible way to investigate better transport channel and multiplexing structure while a high layer signaling is assumed to have a constant parameter. In Fig. 1, some results are shown according to maximum retransmission number. Note that the throughput increases more and more as maximum retransmission number increases at low Es/No. However in the current HARQ Type I scheme, it may be impossible to use code combining in a receiver side so that throughput improvement will not be expected by using retransmission.

Fig. 2 shows that throughput of R=1/3 turbo codes using HARQ Type II can yield better performance than HARQ Type I of the current scheme in Release99. As it is compared in the case of convolutional codes, the proposed simple HARQ Type II scheme can provide 47.9% throughput at Es/No of 0.23dB. So, there is a throughput increase of about 16.2% if retransmission is allowed to use redundancy selection and code combining for HARQ Type II. In addition, there is additional throughput gain in turbo codes compared with convolutional codes using HARQ Type II scheme at low Es/No. This may be resulted from structure of turbo codes. So, HARQ Type II using turbo codes also should be investigated for improved DL performance.

3. Conclusions

      In this contribution, we propose that Hybrid ARQ (HARQ) Type II/III scheme should be considered in both sides of convolutional codes and turbo codes to improve DL performance. Actually, HARQ Type II, in which  simple ‘Redundancy Selection’ block and ‘Buffering/Combining’ block, were used in each transmitter and receiver sides yields better performance in comparison to the current HARQ Type I scheme in Release’99. It is clear that the incorporation of Hybrid ARQ type II/III into the physical layer is simple and straightforward. So, we propose that this scheme should be a way to improve the DL performance without deep impact on Release’99. Furthermore there are so many rooms to be investigated and improved in the physical layer in order to optimise HARQ Type II/III. Therefore, in order to support higher layer’s activity for HARQ Type II/III, early investigation of WG1 issues for HARQ Type II/III based on the fixed parameters of high layers may be desirable.
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