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1.
Introduction

Regarding the UL HARQ operation, the eNB decodes the received data from a UE and sends ACK/NACK signalling to the UE in the downlink : if the data is correctly decoded, an ACK is sent, if the data is not correctly decoded, a NACK is sent. A retransmission is triggered in the UE if a NACK is received from the eNB. Otherwise, when a ACK is received, the data is considered as correctly received by the eNB and a new data can be transmitted by the UE.

In UMTS, if one ACK is decoded by the UE as a NACK, one useless retransmission will happen and thus system throughput performance decreases.
However, in LTE, the impacts of ACK to NACK error should be significant since the collision can occur.

In this contribution, we discuss about this issue in detail and introduce the ACK to NACK error detecting mechanism.
2.
Discussion
In the following, we observe the impact of the collision caused by ACK to NACK error.
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Figure 1. The impact of the collision caused by ACK to NACK error
As shown in figure 1, the eNB dynamically allocates uplink resource to the UE1 and then the UE1 transmits data to the eNB at N TTI. If the data is correctly decoded by the eNB, the eNB sends an ACK to the UE1. Assuming 5 TTIs of HARQ RTT, the eNB then allocates all or parts of the frequency resource, which was assigned to the UE 1 at N TTI, to the UE2 at N+5 TTI. And then, the UE2 transmits its data to the eNB. However, if the ACK in the response to UE1’s transmission was decoded by the UE1 as a NACK, the UE1 retransmits its data without PDCCH allocation assuming synchronous non-adaptive HARQ. Thus, the collision occurs.
As a result, the following impacts caused by the ACK to NACK error are foreseen.

1. other UE(s)’s transmission error as well as the intended UE’s transmission error

2. time delay per each UE since the error should last until the maximum retransmission is reached

In the following sub-sections, we look into the UL HARQ operation and suggest specified UE behaviour to detect ACK to NACK error.
2.1 Observation of UL HARQ Operation

First of all, we believe that UL HARQ should be synchronous non-adaptive HARQ as current working assumption. Therefore, the PDCCH allocation should be only signalled in sub-frames where the UE performs the first HARQ transmission
.
Thus, the following HARQ operation is normally foreseen depending on the received DL control signalling at the UE.

1. ACK + No PDCCH allocation
A. data sent to the eNB is successfully transmitted and, 

B. there is no more valid uplink resource.
2. ACK + PDCCH allocation

A. data sent to the eNB is successfully transmitted and,

B. there is valid uplink resource to transmit a new data

3. NACK + No PDCCH allocation

A. data sent to the eNB is not successfully transmitted and,

B. there is valid uplink resource to retransmit the data.

4. NACK + PDCCH allocation

A. data sent to the eNB is not successfully transmitted and,

B. the retransmission of the data reaches the maximum value
 and,

C. there is valid uplink resource to transmit the data.

Regarding NACK + PDCCH allocation, what will happen if the maximum number of retransmission is not reached and the UE receives NACK + PDCCH allocation?
We believe that the answer should be ACK to NACK error. Therefore, here we propose UE behaviours corresponding to this situation as described in section 2.2.
2.2 UE behaviour
If a UE receive NACK + PDCCH allocation after transmitting the first HARQ transmission and the maximum number of the retransmission is not reached, the UE treats it as successful transmission and performs to transmit a new data.
3.
Conclusion
It is proposed to discuss this issue and agree our ACK to NACK detecting mechanism.































































� We did not consider “selectively adaptive HARQ “as in the semi-persistent scheduling operation in this contribution. But, If needed, we think that the PDCCH allocation should indicate whether the allocation is for the new transmission or retransmission. Therefore, it does not matter.


� We assumed that the number of maximum retransmission for all RBs is same.
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