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1. Introduction

In this paper, the impact of signalling error on UL HARQ is investigated. The signalling discussed here is the one related to HARQ operation : acknowledgement (ACK) and negative acknowledgment (NACK).
2. Discussion
In principle, 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 might be transmitted by the UE.

In general, in WCDMA, if one ACK is decoded by the UE as a NACK, one useless retransmission will happen and thus system throughput performance decreases.

However, the impacts of ACK to NACK signalling error in OFDM based E-UTRAN is quite different from the impact in WCDMA. This is because the resource should be definitely re-used for another UE in order to efficiently utilize radio resource if there is non-usage of allocated resources for a certain UE. In other word, the eNB should re-assign the resource which is not longer used by a certain UE to another UE. Due to this principle, if the original UE decodes a ACK as a NACK, the collision might occur because the two UEs try to transmit on the same resource.

In the following, we address an example of above collision occurrence.
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Figure 1. Collided resource due to ACK to NACK signalling error at the UE side
For instance, as shown in figure 1, the resource is assigned to UE1 assuming scheduling for one MAC PDU transmission. That is, the allocated resource, i.e. PRB(s), would be implicitly dedicated to UE 1 at regular timings of the retransmission until the HARQ detects successful transmission due to synchronous HARQ. If the initial transmission is correctly decoded by the eNB, an ACK is sent to UE1 and the eNB, after the scheduling decision, allocates the resource to UE2. However, if the ACK is decoded by UE1 as a NACK, the resource collides between UE1 and UE2 because UE1 tries to retransmit simultaneously to the UE2 that tries to transmit data.
According to the above example, ACK to NACK signalling error in E-UTRAN affects another UE’s transmission. In the case of one Ack to NACK error future transmission of UE 1 and UE 2 will also be compromised since most likely neither UE1 nor UE2 will receive and ACK until the maximum of the retransmissions is reached. Furthermore, if another UE transmits an important message such as RRC signalling, the impact of ACK to NACK signalling error becomes more critical. Therefore, we believe that it is necessary to avoid this situation.

In the following, we analyse how to detect this error at the UE side.
· case 1. when there is consecutive UL resource grant from the eNB
· case 2. when there is no consecutive UL resource grant from the eNB.

In case 1, if the UE has several MAC PDUs to send, the eNB normally sends consecutive UL resource grant for the next MAC PDU after correctly decoding the data. It means that when the eNB sends a ACK, the UL resource grant is also sent if there is no particular problem such as cell load, etc. By this grant, the UE can discriminate between a NACK and the ACK to NACK signalling error. So we propose that the grant message can help it if there is consecutive grant message.
In case 2, if there are some of reasons not to send the UL resource grant, e.g. no more MAC PDU to send at the UE side, cell load, etc, the UL resource grant can not help for the UE to detect ACK to NACK signalling error like case 1. In fact, it is obvious that only ACK/NACK signalling can not fully support to detect ACK to NACK signalling error. Due to this reason, we propose to use explicitly DL L1/L2 control signalling in order to indicate the de-allocation to the UE. By this assistant, if the explicit DL L1/L2 signalling is received along with a NACK, the UE recognizes that it has to stop the retransmission due to some reasons, e.g. ACK to NACK signalling error, etc. Simply, above DL L1/L2 signalling can be scheduling grant for uplink transmission with one special code point like zero grant in HSUPA. In this scheme, one drawback is that an additional control signalling is required. However, since we believe that the most “normal case” might well be handled by case1, the required additional control signalling is less frequent. Also, in case of a large cell, cost of ACK/NACK error requirement would be more required, Therefore, if this assistant control signalling is supported in RAN2, the ACK/NACK channel would be cheaply designed in RAN1.
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Figure 2. Flow chart of the uplink transmission at the UE side
The uplink transmission is outlined in figure 2. At step 1 and 2, A UE transmit a new MAC PDU and then a NACK is received. At the moment, the UE does not discriminate between the NACK and ACK to NACK signalling error. So, at step3. the UE monitors the new grant and if it is received, the UE can determine that as ACK to NACK signalling error as mentioned in case 1 and then send the next MAC PDU according to the new grant. At step 4, if the new grant is not received, the UE monitors DL L1/L2 signalling which contains indicator like zero grant in HSUPA as mentioned in case 2 and if it is received, the UE also determines the NACK as ACK to NACK signalling error.. Then, the UE stops the retransmission. Otherwise, if the DL L1/L2 signalling like zero grant in HSUPA is not received, the UE continues to retransmit it until the HARQ detects successful transmission or reaching the maximum number of retransmission if there is no new grant and no DL L1/L2 signalling.
Conclusion
In this paper, we addressed the impact of ACK to NACK signalling error in E-UTRAN. As discussed above, we believe that it is essential that the detection of ACK to NACK signalling error is fully supported because of interfering with another UE’s transmission. Moreover, if the another UE intends to signal important message such as RRC signalling, the impact becomes more critical. 
Consequently, we propose the detecting mechanism as follows.

· The UL grant message can help it if there is consecutive UL grant message.

· The DL L1/L2 signalling, e.g. zero grant, could assist it if there is no consecutive UL grant message.
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