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1. Introduction
During the joint discussion between RAN1 and RAN2 in Athens, it was agreed to utilize asynchronous/adaptive operation for HARQ in LTE downlink, since asynchronous/adaptive operation make it possible to reflect channel quality measurements at retransmission, providing a possibility of larger throughput compared to synchronous/non-adaptive operation. Also, asynchronous operation makes it possible for Node B to avoid potential collision of HARQ retransmissions with the other high priority scheduled transmissions such as persistent scheduling and MBMS. In [2], it was analysed and presented that an increase in control signalling overhead due to asynchronous/adaptive operation is less than 7% compared to synchronous/non-adaptive operation when BLER for the initial transmission is assumed to be 10%. However, 90% success ratio cannot be guaranteed for every UEs within the cell. For example, scheduling and MCS selection for fast-moving UEs may not be accurate enough to guarantee the required BLER for each subpacket transmission due to the incorrect channel quality estimation by Node B. Therefore, the average number of retransmission will increase for those UEs, making it worthwhile to deliberate on the increased control signalling overhead due to asynchronous/adaptive HARQ operation.
Therefore, further optimizations that reduce the control signalling overhead could be considered for asynchronous/adaptive HARQ. In [3], some interesting idea was proposed in order to reduce the control signalling overhead of asynchronous/adaptive HARQ, where the control information is sent with retransmissions only when some or all of the retransmissions parameters such as timing, resource, or modulation change. 
In this contribution, a new approach is presented where synchronous/non-adaptive operation can be partly utilized on the course of asynchronous/adaptive HARQ operation by introducing one additional field in control signalling for HARQ. By the new approach, it is possible for Node B to switch HARQ operation for certain UEs from asynchronous/adaptive manner to synchronous/non-adaptive manner for some specific amount of time according to Node B’s own verdicts on loading expectations and UE status such as vehicle speed and the location within the cell. Eventually, control signalling overhead for retransmission in HARQ operation can be reduced by the proposed scheme.
2. Hybrid application of asynchronous/adaptive HARQ and synchronous/non-adaptive HARQ
Asynchronous/adaptive HARQ operation would be beneficial in terms of system throughput because channel variations from the initial transmission can be reflected at time instance of retransmission since Node B can select timing of retransmission and change the MCS level for certain UEs according to channel quality information from those UEs. However, control signalling is necessarily transmitted at every retransmission instance since there is no a priori appointment in retransmission timings between Node B and UEs. The control signalling to be transmitted with retransmitted data includes UE ID, information on resource block allocation, MCS related information, HARQ process index and etc. 
But it is questionable whether asynchronous/adaptive operation provides sufficient amount of gain for all the UEs at every time instance irrespective of UEs’ status, which makes up for the increase in downlink control signalling overhead. For example, some UEs in the edge of cell boundary may have difficulties in detecting control signalling destined to them with retransmitted subpackets, resulting in eventual failure in packet decoding. In this case, additional control signalling overhead would be gratuitous in some senses and asynchronous/adaptive operation could rather be seen as loss. There may be another exemplary situation. If HARQ operates in asynchronous/adaptive manner for certain UEs who are moving very fast, decoding attempts may not be successful even after several numbers of retransmissions since Node B cannot estimate the channel quality for those UEs accurately and hence selects MCS level somewhat incorrectly. As such, the merits of asynchronous/adaptive HARQ would be diminished due to inaccurate channel quality estimation for fast moving UEs. In this case also, the additional control signalling overhead for asynchronous/adaptive operation may be taken just as waste of Node B resources. In other words, there may be several UEs within cell for which synchronous/non-adaptive HARQ operation is a better fit. However, even though large amount of system throughput gain cannot be expected for certain UEs by asynchronous/adaptive HARQ operation, this type of operation  for those UE cannot be completely ruled out in order for Node B to avoid the potential collision between retransmission and the other high priority scheduled transmissions such as persistent scheduling and MBMS. Therefore, asynchronous/adaptive HARQ operation seems to be default HARQ mode for every UE.
But, further optimization in control signalling overhead could be considered based on the above reasoning. That is to say, control signalling overhead for retransmission could be reduced by large amounts if Node B can control the types of HARQ operation adaptively according to its own verdicts on UE status and loading expectation. In other words, Node B can temporarily convert HARQ operation for a certain UE from asynchronous/adaptive manner into synchronous/non-adaptive manner during some specific time duration whenever Node B decides it is better to operate in synchronous way. This can be achieved by introducing a new control signalling field, tentatively named as ‘SD: Synchronous Duration’. By changing the value in SD field, Node B can switch the default asynchronous/adaptive operation into synchronous/non-adaptive operation during specific duration, which is indicated explicitly by SD field. This SD value is determined by Node B considering several aspects such as UE status and loading expectations for high priority traffics within a short period of time. For example, if SD value is set to ‘0’ for certain UE, it indicates asynchronous/adaptive operation will be beneficial for that UE and hence HARQ operates completely in asynchronous/adaptive manner. On the other hand, the values other than ‘0’ are indication to the scheduled UE that Node B is going to switch HARQ operation mode for the UE into synchronous/non-adaptive mode for some specific time duration, explicitly set by synchronous duration value. Node B should estimate how long HARQ is going to be operated in synchronous/non-adaptive manner for the scheduled UE based on loading expectation for high priority services during that time interval. In order to avoid the potential collision between retransmission and high priority service transmission during that period, Node B’s estimation on the loading should allow enough margins. Also, this period cannot be made quite long since there will be somewhat dynamic variations in the occurrence of high priory traffics during this long period, eventually making it impossible for Node B to estimate traffic loading even with huge margins. Therefore, it would be reasonable to confine this time period to somewhat short duration. In summary, synchronous duration is determined by Node B based on loading expectation so that synchronous operation can continue as long as possible while avoiding the possibility of collision between retransmissions and future high priority traffics.
Figure 1 shows illustrative example how the proposed scheme operates when SD value is set to ‘2’ and period of retransmission is 4 TTI (Transmission Time Interval). As shown in Figure 1, SD value of ‘2’ indicates retransmission time instances for the scheduled UE are pre-assigned for two successive retransmissions so that first and second retransmission can be done four TTI and eight TTI after the current subpacket transmission respectively. Node B doesn’t transmit corresponding control signalling for these two retransmissions since UE becomes to know when its subpackets are retransmitted by the help of SD field, resulting in a lot of reduction in control signalling overhead. In Figure 1, it is assumed that UE can finally succeed in decoding after receiving just as many subpackets as originally arranged by SD field. After sending its ACK to the previous packet, UE should convert back to the default operational mode, trying to decode control signalling information every TTI until it finds any new packet destined to it. After receiving ‘ACK’ from the UE, Node B also should go back to the normal operational mode, while scheduling a new packet for that UE again or scheduling the other UE and then transmitting corresponding control signalling to the scheduled UE.
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Figure 1. Illustrative example of the proposed operation when UE succeeds decoding exactly with the number of decoding attempts set by SD field (SD of 2 retransmissions and period of 4 TTI)
Figure 2 shows another example where UE successfully decodes its packet prior to the time set by SD value. As shown in Figure 2, the scheduled UE succeeds in decoding only with one retransmission even though SD value is set to 2 for this UE. In this case, the UE should go back to the default operation after it has issued ACK on the previous packet. Node B should also switch back to the default scheduling operation afterwards, scheduling the other UE or scheduling that UE again with a new packet.
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Figure 2. Illustrative example of the proposed operation when UE succeeds decoding with the less number of decoding attempts set by SD field (SD of 2 retransmissions and period of 4 TTI)
Figure 3 is an illustration for the case where UE cannot decode its packet even after UE has performed decoding attempts as many times as originally arranged by SD value. On transmitting NACK, the UE should return back to the default operation mode, trying to decode control signalling information every TTI afterwards. On receiving NACK from a certain UE after synchronous time duration for that UE has expired, Node B selects the retransmission time instance for that UE as usual in asynchronous manner and hence control signalling should be accompanied again for the scheduled retransmission. For this control signalling, Node B has a freedom to set SD value to ‘0’ or other values according to its own verdict on the UE status.
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 Figure 3. Illustrative example of the proposed operation when UE fails in decoding even after the number of decoding attempts set by SD field (SD of 2 retransmissions and period of 4 TTI)
It should be decided how many bits are necessary for this SD field and how values in SD filed are mapped to the actual synchronous duration. The length of SD field should not be unnecessarily long since long SD field will mitigate the overhead reduction gain of the proposed scheme. Preferably, SD field can be designed with two bits as shown in Table 1 with exemplary mapping between SD field value and the actual synchronous duration. As was previously mentioned, synchronous duration should not be set too long and should be determined by Node B based on its loading expectation and UE status.
Table 1. One example of SD field design and mapping rule

	Synchronous Duration Field
	Synchronous Duration

	00
	0

	01
	1

	10
	2

	11
	4


Due to the inclusion of SD field into L1/L2 control signalling, it may be argued the proposed operation would eventually lead to overhead increases on certain UEs for whom asynchronous/adaptive HARQ operation is best answer. Therefore, it might be necessary for Node B to classify UEs into two groups. One group (saying ‘Group A’) is assigned to certain UEs for whom asynchronous/adaptive operation may not match well and hence can get benefit from the inclusion of ‘SD field’. The other group (saying ‘Group B’) is for the other UEs to whom the inclusion of ‘SD field’ gives nothing but the overhead increases. The Node B should assign all the UEs in the cell either of two groups depending on UE status such as UE geometry or UE moving speed. If these kinds of information are not easily acquired by some Node Bs, they may utilize work-around solution. For example, once Node B commences downlink data transmission for certain UEs, pure asynchronous/adaptive HARQ operation is used for them for a while before Node B finally decides which group those UEs should belong to. This decision will be based on the statistics of ACK/NAK feedback from the UEs. When Node B schedules certain UEs and select data rates and transmission time instant for them, the UEs are most likely to decode packets successfully after the expected nominal number of retransmissions for them as long as Node B correctly estimates and reflects the channel variations into asynchronous/adaptive HARQ operation for those UEs. Therefore, excessive NAK transmissions from certain UEs may be considered as a hint that asynchronous/adaptive HARQ operation is not a good choice for them. Then, Node B will assign those UEs who issue excessive NAK to the ‘Group A’ where they are supposed to operate as proposed in this contribution. On the other hand, if the frequency of NAK transmission for the initial transmission from certain UEs in ‘Group A’ decreases at the predetermined level, Node B will re-assign them to ‘Group B’ for pure asynchronous/adaptive operation. The transition between two groups is not necessarily done in a dynamic manner. Therefore, Node B will just send L3 signalling message to the UEs for whom Node B decides to change the group. 
When designing L1/L2 control signalling for the proposed operation, it is highly preferable that total number of L1/L2 control signalling to a certain UE is kept to the same irrespective of the group to which the UE belongs. In order to achieve this, certain field in L1/L2 control signalling for pure asynchronous/adaptive HARQ operation can be diverted into ‘SD field’ so that the UEs who belong to ‘Group A’ interpret the value in this field as ‘SD value’. The exact signalling scheme can be optimized further if the proposed concept is agreed in principle.
3. Conclusions
In this contribution, a method is presented where asynchronous/adaptive HARQ operation can be mingled with synchronous/non-adaptive operation by introducing one additional field in control signalling for HARQ. By the proposed approach, it is possible for Node B to switch HARQ operation of certain UEs from asynchronous/adaptive manner to synchronous/non-adaptive manner depending on Node B’s own verdicts on loading expectations and UE status such as vehicle speed and the location within the cell, resulting in large reduction of overall control signalling overhead for retransmission. Therefore, it is suggested the proposed method be adopted as HARQ scheme for LTE downlink.
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