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1
Introduction
The control channels in UL and DL are being discussed in RAN1. This contribution is related to signalling of the HARQ ACK/NAKs in DL for the UL traffic. In this contribution an implicit ACK/NAK mechanism is discussed and proposed for LTE DL.
This is a resubmission of R1-071686.
2
Background
In RAN2, it is proposed that UL HARQ should be synchronous adaptive such that retransmissions can be scheduled [1], [2]. The synchronous adaptive HARQ is shown to be beneficial in order to avoid resource fragmentation and to be able to avoid collision of the retransmissions with any persistently allocated resources (such as semi-persistent or group scheduling schemes) or RACH resources. Furthermore, the capacity of semi-persistent scheduling schemes is significantly higher if retransmissions are scheduled dynamically avoiding retransmission resource wasting.
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.
3
Implicit ACK/NAK in DL for UL HARQ

When the retransmissions are all scheduled, there is no need to send separate NAKs in the DL. The UL allocation for retransmission sent in DL L1/L2 control channel can be understood as an implicit NAK. If an allocation is not given or an allocation is given for a new transmission (RSN=0) in the same HARQ process, UE will interpret that as an implicit ACK.
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Figure 1: Dynamic scheduling of UL without explicit ACK/NAKs
Figure 1 shows dynamic scheduling of UL packets where all the transmissions are scheduled. The NAK would always overlap with the UL allocation for the retransmission and is therefore not needed. On the other hand, an UL allocation for a new transmission in the same HARQ process implies that the previous transmission was successfully received (or the maximum number of retransmission was reached). Thus no explicit ACK is needed either. For the last packet, the UE will wait until the maximum number of transmissions is reached and can then assume that the packet was received by the eNB.
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Figure 2: Talk spurt based semi-persistent scheduling of UL without explicit ACK/NAKs
Figure 2 shows talk spurt based semi-persistent scheduling for UL VoIP. Initial transmissions are sent without explicit allocation, i.e., they are persistently allocated. Retransmissions are always scheduled and thus no separate NAKs are needed.
3.1 Possible error cases

ACK to NAK error
This error case is very rare with the proposed implicit scheme since it would require that DTX (no control) or some other user UL allocation is interpreted as valid retransmission allocation. Since L1/L2 control channel is CRC protected this should not happen.

NAK to ACK error

This error case happens when the UE misses all the UL allocations for the retransmission. Since the UE will keep the data in the HARQ retransmission buffer until it gets UL allocation for new data for the same HARQ process (or maximum number of retransmissions is reached), missing one UL allocation for a retransmission does not yet mean that NAK is interpreted as ACK. Missing all the UL allocations for the retransmissions is rare making this scheme more robust than explicit ACK/NAKs.
4
Conclusions

We have shown that explicit ACK/NAKs are not needed in DL. By scheduling the retransmissions implies that explicit ACK/NAKs are not needed since the scheduling of a retransmission can be seen as an implicit NAK. This simplifies the DL control channel structure and makes ACK/NAKs more reliable. We propose to take this as RAN1 working assumption.
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