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1
Introduction
Current working assumption on HARQ is asynchronous HARQ for DL and synchronous HARQ for UL. In [1], resource fragmentation of LTE UL was discussed and synchronous adaptive HARQ was proposed as a solution. In this contribution synchronous adaptive HARQ is discussed further and proposed for UL.
2
Discussion on adaptive HARQ
In HSUPA synchronous HARQ was selected for the UL. The associated control channel E-DPCCH is sent with all transmissions and therefore adaptive HARQ is possible in HSUPA. However, due to CDMA there is not that much need for adaptiveness in HSUPA: every UE is having its own code channel and therefore several UEs can (re)transmit at the same time on the same frequency.
For LTE an orthogonal UL, SC-FDMA has been selected. Due to orthogonality and single carrier requirements, there is a need for adaptiveness for HARQ retransmissions. The adaptivity is mainly needed in UL resource allocation of the retransmissions in order to be able to schedule the retransmissions on different resource units than the initial transmission. In the following several reasons for the need of adaptive HARQ are presented.
2.1
Resource fragmentation

The resource fragmentation problem was already discussed in [1]. When several UEs are scheduled in one TTI and some users require retransmissions whereas others do not, the UL reources are fragmented and the scheduling of new users becomes more difficult or the required resources cannot be scheduled to a user due to single carrier requirement. A retransmission in the middle of the band splits the band into smaller pieces. An adaptive HARQ allows moving of the retransmissions to the edges of the band thus avoiding the fragmentation.
2.2
Persistent allocation

Several persistent and semi-persistent allocation schemes have been proposed for LTE UL. Common to all these schemes is that L1/L2 control signalling is reduced by allocating some resources persistently. Significant capacity increase is achieved if the retransmission resources are not allocated persistently but scheduled dynamically using adaptive HARQ [3]. This is because the required number of retransmissions varies a lot and the persistent allocation of the retransmissions has to be done on the basis of the worst case which wastes resources. Too small number of retransmission resources causes increased packet drop rate when retransmissions cannot be completed.
2.3
Mixed dynamic and persistent scheduling

In a situation where part of the resources is allocated persistently and part of the resources scheduled dynamically, a non-adaptive HARQ sets unnecessary restrictions. A persistent allocation in a given time-frequency resource implies that nothing can be scheduled on the same frequency resource a HARQ round trip time (RTT) earlier (or a few HARQ RTTs earlier) since with synchronous non-adaptive HARQ, the possible retransmission would overlap with the persistent allocation. By allowing adaptive HARQ, the possible retransmission can be sent on different frequency resource thus avoiding the problem.
2.4
RACH
Resources for RACH are also reserved ‘persistently’ and thus it is not possible to schedule anything on the same frequency resource a (or a few) HARQ RTT(s) earlier inorder to avoid collision of the possible retransmission and random access attempt. With adaptive HARQ the retransmissions can be scheduled on different frequency than the RACH channel.
2.5
No separate ACK/NAK channel in DL

Adaptive HARQ implies that all the retransmissions are scheduled. This has the advantage that no separate ACK/NAK channel is needed in the DL. Retransmissions are requested with UL allocation (implicit NAK) and an UL allocation for a new transmission implies that retransmissions are not continued. RAN1 results show that sending separate ACK/NAK is very expensive: a separate ACK/NAK has to be sent strongly coded (repetition) and with high power in order to guarantee low enough error probability [4]. Rough calculations show that for 5 MHz bandwidth separate ACK/NAKs require resources of about two L1/L2 control channels.
3
Conclusions

It has been shown that there are several reasons to have synchronous adaptive HARQ for LTE UL. In many cases even asynchronous non-adaptive HARQ could solve the problems but we see that synchronous adaptive HARQ is a better alternative. By scheduling the retransmissions always has the further advantage that explicit ACK/NAKs are not needed since the scheduling of a retransmission can be seen as an implicit NAK [2].
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