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1. Introduction

At the Orlando meeting, the number of hybrid ARQ (HARQ) processes using N-channel stop-and-wait protocol was discussed from the range of 6 to 8. This contribution presents our views on the number of HARQ processes in E-UTRA FDD from an operator’s viewpoint.
2. Views on Signal Processing Considering Propagation Delay

First, we prefer the same number of HARQ processes both in the downlink and uplink so as to achieve the same round trip delay (RTD). Then, we first focus on the downlink transmission to achieve the process number of 6 in the HARQ. The RTD of the HARQ process in the downlink was given in [1]. The 2-transmission time interval (TTI) duration is used for transmission of the downlink data channel at a Node B and that of uplink ACK/NACK signal at a UE. Considering that the UE will be less tolerant to high-speed signal processing than the Node B, the 3-TTI duration can be assumed to be used for the decoding of the downlink data channel at the UE and decoding time for ACK/NACK signal at the Node B can be approximately 1-TTI duration, without considering the propagation time delay. We consider that the detection time of 1 TTI for uplink ACK/NACK signal is sufficient even considering the propagation time delay of approximately 100 sec, which corresponds to the cell radius of 15 km.
Therefore, the considerable bottleneck for processing time delay is decoding time of the downlink data channel at the UE. Here, we consider a cell radius of 15 km, which provides the propagation time delay of approximately 100 sec. Then, the remaining processing time that can be used for the downlink data channel reception becomes approximately 2700 - 2900 sec. From the experiences of 3G handset terminal implementation, our views on decoding processing time are as follows.
· The decoding processing time of maximal ratio combining (MRC) receiver or minimum mean squared error (MMSE) receiver within 2700 - 2900 sec is possible assuming single-antenna (single-stream) transmission.
· In the case of MIMO transmission with, e.g., 2-by-2 MIMO multiplexing, we believe that the decoding processing time within 2700 - 2900 sec is possible assuming the sub-optimum maximum likelihood detection (MLD) based signal detection such as QRD-M [2], as well as MMSE detection. In the sub-optimum MLD, pipeline processing of signal detection at each stage is achieved for reducing the processing delay. Moreover, parallel processing is achieved over sub-carriers in OFDM based radio access. The sub-optimum MLD can achieve almost the identical performance as that of the serial interference canceller (SIC) using the decision-feedback data after Turbo decoding. For the 4-by-4 MIMO multiplexing, we expect the enhanced capability of the fast signal processing at the UE for keeping the same process number of 6.
Next, we focus on the uplink transmission to achieve the process number of 6 in the HARQ. From [1], the decoding processing time of the uplink data channel at the Node B and decoding processing time of downlink ACK/NACK signal at the UE are both approximately 2 TTIs. Similar to the downlink data transmission, the considerable bottleneck for processing time delay is decoding time of the uplink data channel at the Node B of approximately 2 TTIs. However, we consider that the possibility of the application of the single-user MIMO multiplexing in the uplink is low assuming the current asymmetric traffic demand using the symmetric transmission band assignment. Therefore, assuming single-antenna transmission, we consider that the frequency-domain MMSE receiver in the DFT-Spread OFDM can achieve the processing time delay within approximately 2-TTI duration. If multiuser MIMO is applied, the processing time delay for decoding uplink data channel becomes longer. However, we believe that the processing time delay can be shorter by allowing the increasing computation complexity at the Node B.   

In conclusion, we consider that the process number of 6 in the HARQ, i.e., RTD of 6 TTIs, is feasible considering the application of MIMO channel transmission. Meanwhile, to support high-speed real time traffic and TCP, the low latency is necessary, as it was requested as the most important requirement in E-UTRA. Therefore, we consider that the process number of 6 in the HARQ should be specified in E-UTRA. 
3. Conclusion
This contribution presented our views that the process number of 6 in the HARQ, i.e., RTD of 6 TTIs, is feasible considering the application of MIMO channel transmission. Meanwhile, to support high-speed real time traffic and TCP, the low latency is necessary, as it was requested as the most important requirement in E-UTRA. Therefore, we consider that the process number of 6 in the HARQ should be specified in E-UTRA.
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