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1.  Introduction

In [1] the synchronous HARQ operation is assumed for the SC-FDMA based E-UTRA uplink. Some paper[2][3][4] in past meetings discussed the collisions when using synchronous HARQ. In this contribution, this problem is investigated further, and some ideas used to avoid these collisions are suggested.
2.  Discussion
Compared with asynchronous HARQ, synchronous HARQ implies that (re)transmissions for a certain HARQ process are restricted to occur at known time instants. This feature leads to collisions while other mechanisms are adopted at the same time, such as persistent scheduling and variable TTI. Some typical collision scenarios are described in [3]. These collisions will increase the decoding error to a certainty at receiver side in E-UTRAN because of the orthogonality of resource. Special mechanisms must be utilized to avoid these collisions by eNB.
Furthermore, while taking about the adaptive mechanism [1] in synchronous HARQ, two types of synchronous HARQ are derived, non-adaptive synchronous HARQ and adaptive synchronous HARQ. The adaptive synchronous HARQ offers more flexibility but more control signalling overhead than non-adaptive synchronous HARQ. The methods to realize collision avoidance will differ from the actually synchronous HARQ procedure.
2.1 Adopting adaptive synchronous HARQ

For adaptive synchronous HARQ, the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmissions (e.g. due to changes in the radio conditions). The changes may involve modulation scheme, resource unit allocation or duration of transmission.

With adaptive synchronous HARQ, it seems that the collisions incurred due to synchronous operation can easily avoid by changing the resource unit assignment of special retransmission that will conflict with other transmission. Fig 1 shows an example.
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Fig 1 Collision avoidance in adaptive synchronous HARQ
In Fig 1, after the 1st retransmission fails, the MAC scheduler becomes aware of that the 2nd retransmission will conflict with persistent scheduling. So the scheduler notices the UE that the 2nd retransmission will continue in different resource units from previous retransmission by corresponding control signalling.
When using adaptive synchronous HARQ in E-UTRAN, the control signalling overhead must be considered. In [3], it is concluded that the main difference of number of control message bits between asynchronous HARQ and adaptive synchronous HARQ is the HARQ process ID. On the other word, the major advantage of synchronous HARQ, i.e. reduction of the control signalling overhead, appears not so outstanding, if we chose the adaptive synchronous HARQ in E-UTRAN UL.
The second problem by adopting adaptive synchronous HARQ to avoid the collisions is some resource units must be reserved to satisfy the temporary resource allocation when conflict would occur. If the HARQ process ends the retransmission before the time of conflict, the reserved resource will be wasted. So the efficiency of resource utilization will decrease in this case.
2.2 Adopting non-adaptive synchronous HARQ
Compared with adaptive synchronous HARQ, there is no explicit control signalling accompanying each retransmission in non-adaptive synchronous HARQ. Two ways can be used to avoid the possible conflict.
2.2.1 Avoid the collision at the initial transmissions
The idea of collision avoidance at initial transmissions is refer to, by obeying some allocation or scheduling principles, the collisions will never happen even achieving the maximum number of retransmission.
An obviously mean to realize this idea is scheduling the initial transmission of the synchronous HARQ that would contend with another transmission at one of retransmission to different resource in frequency domain. This method need also reserve some resource to avoid the collision even though it would not really occur. 
Another mean to avoid collision while using non-adaptive HARQ is shown in Fig 2.
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Fig 2 Resource prohibit
In Fig 2, the blue time/frequency resource is allocated to a persistent scheduling with 20ms period. If a synchronous HARQ (the retransmission interval is 2ms) whose maximum retransmission number is 3, run its initial transmission at one of the red time/frequency resource, it is possible to produce collision in subframe T. Whereas the conflict will be eliminated, if the initial transmission of synchronous HARQ with 3 retransmissions at most is forbidden to carry out in the red time/frequency. 
The main merit of avoiding collision in initial transmissions is keeping the lower control overhead of non-adaptive synchronous HARQ, and at the same time it is unnecessary to modify the mechanism of current synchronous HARQ. But the demerit of this method is also apparently, i.e. the lower efficiency of resource utilization, especially in multiple mechanisms coexistence, such as persistent scheduling, variable TTI, DTX/DRX and so on.
2.2.2 Avoid the collision at the retransmissions
In this situation, the scheduler arranges the initial transmission of HARQ despite the conflict that may happen in subsequent retransmission. However, the steps to avoid the collision will start just before the conflict is to appear certainly. In this manner, the scheduler has no any misgiving while igniting the initial transmission. Compared with the means in section 2.2.1, collision avoidance at retransmission will guarantee the efficiency of resource utilization.
As we know, the occurrence of collision caused by retransmission of synchronous HARQ is undetermined because the scheduler does not know when the retransmission would be terminated. But it is determined that the scheduler have capability to forecast the conflict time at the initial transmission if the collision really happen. This point might be used to help the scheduler to avoid the collision just at the time that conflict was about to present. The possible means need introduce additional mechanism to enhance current synchronous HARQ and how to keep the control signalling overhead and complexity at an acceptable range requires study carefully.
3. Proposals
The analysis in section 2 shows some way to avoid the collision caused by synchronous HARQ in E-UTRAN. From the viewpoint of decreasing control signalling, the non-adaptive HARQ is the best choice, although the detail HARQ mechanism is not decided in E-UTRAN yet. And the operations that avoid collision just at retransmission of synchronous HARQ may provide better scheduling performance than at initial transmission. So, it is necessary to investigate the conflict avoidance scheme in non-adaptive synchronous HARQ at the retransmission.
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