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1. Introduction

In the last Joint meeting between RAN1 and RAN2 at Athens, the asynchronous / adaptive HARQ was agreed upon as the starting point for discussion [1]. This paper compares the required control signaling overhead between asynchronous and synchronous HARQ schemes in Evolved UTRA downlink. 

2. Required L1/L2 Control Signaling Bits for Asynchronous and Synchronous HARQ

Table 1 gives the required L1/L2 control signaling bits for asynchronous HARQ and synchronous HARQ.

We evaluated adaptive and non-adaptive operation both for asynchronous HARQ and synchronous HARQ. The contents and the number of required L1/L2 control information bits are based on the agreed parameters as given in [2]. We make the following assumption in this evaluation.

· The required number of bits for UE-ID is zero, since this information is multiplied to the CRC check bits in a manner similar to HSDPA. Therefore, this means that we assume separate coding for Category 1 information.

· The required bits for resource assignment is 24 bits considering the bit mapping method, where the bitmap indicates the usage of each resource block for the scheduled UEs and a 10-MHz transmission bandwidth.

· The number of bits for multi-antenna related information is zero, since we assume basic single-antenna transmission in this paper.

· When re-transmission occurs in non-adaptive HARQ, no control information is transmitted for synchronous HARQ based on [3]. Similarly, we assumed that only the HARQ process number, CRC, and implicit UE ID are transmitted in the re-transmission for asynchronous HARQ.

Table 1 – Required L1/L2 control signaling bits in downlink
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Although we assumed zero bits for the information, alternatively

a few control bits can be added for adaptive transmission 

(see e.g. [5])
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3. Required Number of L1/L2 Control Signaling Bits for Asynchronous and Synchronous HARQ

Figure 1 shows the required average number of control information bits per packet as a function of the average packet error rate (PER) of the initial transmission. For simple modeling, we assume that when the PER of the initial transmission is P, after the n-th transmission the residual PER is represented as Pn. Furthermore, we show the required L1/L2 control signaling overhead ratio in the figure. To calculate the overhead ratio, we assume that the two of the seven OFDM symbols within the sub-frame are used for L1/L2 control signaling for synchronous/non-adaptive HARQ, based on [6]. Note that this assumption pertaining to the L1/L2 control signaling overhead ratio is pessimistic since in [6], two of the seven OFDM symbols are assumed to be used not only for the L1/L2 control signaling but also for reference signal transmission. From this figure, the required total number of control signaling bits for asynchronous/non-adaptive HARQ is approximately 10% greater than that for synchronous/non-adaptive HARQ when the initial PER is 10%. This corresponds to approximately only a 2.9% increase in the L1/L2 control signaling overhead ratio. Furthermore, adaptive HARQ in asynchronous HARQ can be achieved with an additional 3.7% increase in the signaling overhead ratio compared to asynchronous/non-adaptive HARQ. 
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Figure 1 – Average total number of L1/L2 control information bits required for successive transmission as a function of average PER of initial transmission

4. Conclusion

This paper compares the required control signaling overhead between asynchronous and synchronous HARQ schemes based on the agreed control information bits as described in [2]. From simple calculation results we showed that the required L1/L2 control signaling overhead ratio for asynchronous/non-adaptive HARQ is only 2.9% greater than that for synchronous/non-adaptive HARQ when the probability of re-transmission is 10%. Meanwhile, the asynchronous/adaptive HARQ requires an increase in the L1/L2 control signaling overhead ratio of 3.7% compared to asynchronous/non-adaptive HARQ under the same conditions. Therefore, considering the flexibility in the adaptive transmission time interval (TTI) operation, persistent scheduling, and MBMS (or TDD mode), asynchronous/non-adaptive or adaptive HARQ is a promising candidate.
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