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1 Introduction

In [1], HARQ principles being considered for LTE are described. According to the discussion made so far in RAN1, the followings are considered as mutually agreed already:

· HARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
· The N-channel Stop-and-Wait protocol is used.

Remaining aspect for further discussion would be how much adaptability in transmission time instants and transmission attributes (modulation, resource unit allocation, duration of transmission) is allowed, which is the main topic of this contribution. 
2 Discussion
Depending on the level of adaptation in transmission time instants and the transmission attributes, candidate HARQ operation mechanisms for further discussion would be as follows:

· Synchronous non-adaptive HARQ

· No explicit signaling of the HARQ process number is required as the process number can be derived from, e.g., the sub-frame number. Retransmission timing instants are fixed.

· Transmission attributes of the retransmissions are known to the transmitter and the receiver at the time of initial transmission. 

· Control signaling is not necessarily required for retransmissions. 
· Synchronous adaptive HARQ
· No explicit signaling of the HARQ process number is required as the process number can be derived from, e.g., the sub-frame number. Retransmission timing instants are fixed.

· 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 transmitter does not need to transmit the control signaling for a retransmission if there is no change in the transmission attributes. Hence, if the UE doesn’t detect any control information transmitted at the time instant of a retransmission, it should use the same transmission attribute as the one for initial transmission. If there is no control signaling to change the transmission attributes for retransmissions, the synchronous adaptive HARQ would behave in the same way as the synchronous non-adaptive HARQ. Note that in this case, the signaling overhead in time-frequency resource is the same for the both cases.
· Asynchronous adaptive HARQ
· Transmissions for a certain HARQ process may occur at any time. Explicit signaling of the HARQ process number is therefore required. 

· 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). 

· Each retransmission should be accompanied by the control signaling. The receiver tries to receive the retransmission only if it detects the control signaling.
The summary of candidates as above clearly indicates that the choice of HARQ operation mechanism should take into account the tradeoff between flexibility and control signaling overhead. To have an appropriate tradeoff, we need to consider the characteristics of the traffics that will be supported in LTE. 
VoIP is considered as one of the most important applications in LTE. Taking into account that the VoIP traffic would occur regularly due to e.g. speech frame generation per 20ms, and would not have delay tolerance, we draw following observations:

· no significant benefit from dynamic scheduling
· no need for adjusting the timing instants and the transmission attributes of retransmissions
· fixing the initial transmission timing would be beneficial to further reduce the control signaling overhead

From the above observations, we think the persistent scheduling (resource allocation is fixed) with synchronous non-adaptive HARQ (possibly fixing the initial transmission timing) would best fit with the VoIP traffic with smallest signaling overhead. 
On the other hand, it is also obvious that non-VoIP traffics, e.g. best effort traffic such as FTP, should be multiplexed with VoIP traffics. An example of such multiplexing is shown in Figure 1, where the resource allocation is fixed (persistent scheduling) and the initial transmission timing is pre-defined. As shown in the Figure, there can be early termination of a VoIP packet, which results in unused resource. Since there will be initial transmission of another VoIP packet using the same resource, it is not possible to allocate such unused resource for transmitting a best effort packet if its retransmission(s) are not allowed to use different time/frequency resource than the initial transmission. 
Consequently, resource utilization can be maximized if either of synchronous adaptive or asynchronous adaptive HARQ is also supported in addition to the synchronous non-adaptive HARQ.
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Figure 1: An example of mixed usage of the synchronous non-adaptive HARQ, and the synchronous adaptive or asynchronous adaptive HARQ. (4 HARQ channels are assumed for simplicity.)
3 Conclusion
We would recommend that the LTE supports two different HARQ operation modes as follows: 
· Either of synchronous adaptive HARQ or asynchronous adaptive HARQ in conjunction with non-persistent scheduling. Only one of the two mechanisms shall be defined in LTE specifications based on consideration of the trade-off between the flexibility and the control signaling overhead. Note that the synchronous adaptive HARQ 
· has flexibility in frequency resource allocation while the retransmission time instants are fixed; and
· can have the same control signaling overhead as the synchronous non-adaptive HARQ if there is no change in the transmission attributes for retransmissions.

· Synchronous non-adaptive HARQ in conjunction with the persistent scheduling. 

4 References

[1] RP-060201, TR25.814 v1.2.1.





















































































































PAGE  
1

