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1. Introduction

The current working assumption for uplink HARQ in LTE is synchronous/non-adaptive HARQ. Obviously asynchronous/adaptive HARQ has more flexibility in operations than synchronous/non-adaptive HARQ, but the main advantage of synchronous/non-adaptive HARQ over asynchronous adaptive HARQ is the need for less control signalling. Due to the characteristics of the uplink transmission, the interference level from UEs in other cells will vary in time, making it very difficult and practically impossible for eNode-B to accurately estimate and predict SINR for AMC operation. For this reason the uplink data transmission relies more on the HARQ retransmissions, thus the average number of HARQ retransmission for uplink is higher than the downlink. Therefore, it would be preposterous to rely on asynchronous/adaptive HARQ in uplink, enduring the burden of large control signalling overhead.

However, pure synchronous/non-adaptive HARQ operation also has several issues that need to be carefully scrutinized. One of the main issues with uplink synchronous HARQ transmission is that the retransmission payloads must be assigned to the predetermined time instant with the predetermined frequency resource allocation in order to conserve control signalling. Since certain resource blocks should be reserved for HARQ retransmissions, eNode-B might not be able to allocate continuous resource blocks for a certain UE which requests high data rates. This means when there are many UEs trying to send data to eNode-B, synchronous HARQ transmission will create huge restrictions and complexity burden in the eNode-B scheduler. Also, eNode-B may find hard time allocating a high priority services that need to be scheduled urgently if there are already many on-going synchronous HARQ transmissions. Persistent scheduled data might be one of the major examples of high priority services. In this contribution we propose number of options that solve some of the problems that synchronous HARQ transmission scheme might have.
2. Various synchronous/non-adaptive HARQ schemes

We propose three different options that might be feasible other than the pure synchronous/non-adaptive HARQ scheme. They are synchronous/non-adaptive HARQ with resource re-allocation grant and ACK/NACK indicator, synchronous/non-adaptive HARQ with resource re-allocation grant and Re-Tx/Stop indicator, and flexible synchronous/non-adaptive HARQ. For convenience’ sake, the pure synchronous/non-adaptive HARQ will be referred as Option 1, and the proposed schemes will be referred as Option 2, 3, and 4 respectively.
2.1 Option 1: Synchronous non-adaptive HARQ
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Figure 1. An example of Option 1’s nominal operation
Option 1 is basically the original synchronous/non-adaptive HARQ scheme. In the example in Figure 1, we have assumed HARQ retransmission period is fixed to 4 TTI. So if the UE has some data to send through uplink, it will issue uplink resource request and then acquires a time-frequency resource grant from the eNode-B. Then UE will send the data payload through the uplink in the resource given by the eNode-B. But if the data payload is somehow corrupted by the channel, then the eNode-B transmits NACK, to tell the UE that it has not correctly received the data payload. After the UE received the NACK indicator for a certain data payload, it retransmits the data payload in the next predefined retransmission timing. This process repeats until the data payload is successively transmitted and ACK is received.
2.2 Option 2: Synchronous non-adaptive HARQ with resource re-allocation grant, and ACK/NACK
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Figure 2.  An example of Option 2’s nominal operation
The problem with Option 1 is that the retransmitted payload cannot fully cope with the time-varying channel characteristics. In cases where the retransmission frequency band somehow falls into a bad channel condition, it will be much wiser just to move the HARQ transmission to another frequency band. Also in cases where there is a need for high data rate for some UE, it will be difficult for Option 1 to find available bandwidth when there are many on-going HARQ retransmissions. This is because any transmissions should take place in a continuous frequency band in order to preserve single carrier characteristics of SC-FDMA. In short, the restriction owing to SC-FDMA makes it even more difficult to solve the problems that synchronous/non-adaptive HARQ scheme encompasses.
In Option 2, the eNode-B can transmit a schedule resource grant with retransmission indication instead of ACK or NACK. The resource grant with retransmission indication basically reassigns the current data payload in on-going HARQ process to another frequency allocation using the same HARQ timing. In order to support this operation, 1 additional bit shall be inserted in grant signalling, which indicates whether this is grant for new transmission or grant for frequency reallocation in retransmission.

2.3 Option 3: Synchronous non-adaptive HARQ with flexible resource re-allocation grant, and Re-Tx and STOP
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Figure 3. An example of Option 3’s nominal operation
In case of Option 2, for some reasons (e.g. high priority data payloads) if the particular resource needed for the HARQ retransmission is not available, it will produce problems with the HARQ operation. Option 3 solves any problem that might occur when HARQ retransmission needs to be re-allocated to a different time resource for whatever reason the scheduler may have. 
Option 3 scheme further increases flexibility of retransmissions with no virtual increased overhead. Figure 3 show an operational example of Option 3. In Option 3 instead of having ACK and NACK indication, we have Stop and Re-Transmit (Re-Tx) indication. For some data payloads if it was corrupted by the channel and needs to be retransmitted, the eNode-B transmits Re-Tx indicator. The UE receives this indicator and retransmits according to the synchronous/non-adaptive HARQ process. But if for some reason (bad channel conditions that might occur due to fast channel variations) eNode-B wants to move the retransmission in another frequency bin then it will issue a schedule grant with retransmission indicator just like Option 2. What’s different is that the eNode-B can issue a Stop indication, stopping any retransmission that might need to occur in the future. It can keep stopping the retransmission until it can reassign the retransmission in another time and frequency bin.
The ‘Stop’ indicator also can be used as an ACK. When the eNode-B has correctly received a data payload it will issue a stop indicator to the UE. Although the UE might not able to distinguish between an ACK and NACK just from receiving the ‘Stop’ indicator, in reality the UE does not need to distinguish them as long as the scheduler at the eNode-B knows it. So the ‘Stop’ indicator actually has dual meanings. One meaning is to stop HARQ retransmission because the scheduler wants to move the retransmission to another time/frequency resource. The second meaning is to stop transmission for that HARQ process because the scheduler has received a non-corrupted data payload.
2.4 Option 4: Flexible Synchronous non-adaptive HARQ
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Figure 4. An example of Option 4’s nominal operation
In Option 3 any stopped HARQ retransmission must be delayed until schedule grant with retransmission indication can be transmitted to the UE. This schedule grant must be transmitted according to the HARQ retransmission timing. Option 4 reduces this latency by allowing schedule grant with retransmission indication to be transmitted whenever retransmission is possible. Option 4 is the full flexible synchronous/non-adaptive HARQ scheme. In Option 4, instead of only being able to send schedule grant with retransmission indicator for the stopped HARQ process at a certain timing defined by the HARQ process, it can transmit the schedule grant with retransmission indicator at any time after issuing a Stop indication. Of course sending a schedule grant with retransmission indication in a different HARQ process timing can affect other HARQ processes so in Option 4 we included a process number field in the schedule grant with retransmission indicator to overcome this problem. Figure 4 shows an example of Option 4 operations where HARQ process #1 moves to where HARQ process #2 should have been. Of course this is only possible if there is no transmission going on in the HARQ process #2. 
Compared to the grant signalling for original synchronous/non-adaptive HARQ, two more fields should be added in order to support this option. One is HARQ process number and the other is 1 bit retransmission indicator. This option creates a full flexibility in time/frequency allocation of HARQ retransmissions with minimal signalling overhead. It should be noted that the HARQ process indication field is only needed on the retransmission grant control signal message, and not on the new data payload transmission schedule grant message. Even when the retransmission grant includes HARQ process indication field it is possible to make the retransmission grant message and the new transmission grant message to have the same length. One of the possibility is to use the payload size field as the HARQ process number field in the retransmission grant, since the payload size will not change during the retransmission, and is not needed the UE.
3. Conclusions

We have proposed three alternatives of synchronous/non-adaptive HARQ schemes that can give more flexibility in the scheduling of HARQ retransmissions. We believe option 3 and 4 can give the almost similar flexibility of asynchronous HARQ operation in the synchronous HARQ system with very small overhead. But in out of all the four options, we believe Option 4 is the most promising scheme.
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