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1. Introduction
It is commonly understood and agreed that uplink HARQ in LTE is done in synchronous manner [1]. However, there is still on-going discussion whether or not to allow some level of adaptive operation in HARQ retransmission. According to current RAN2 assumption, some level of adaptive operation should be supported for UL HARQ at least in case of persistence scheduling. But, it is yet to be decided whether to apply similar notion also in case of dynamic scheduling.
In this contribution, we propose to apply limited level of adaptive operation for UL HARQ retransmission also in case of dynamic scheduling similarly as in case of persistence scheduling. Also, several methods related to UE behaviours are suggested in order to provide more flexibility for eNode B operation or to alleviate the downlink power overhead for ACK/NACK transmission.
2. Modifications of synchronous/non-adaptive HARQ scheme

Pure synchronous/non-adaptive HARQ operation has several issues that need to be carefully scrutinized. One of the main issues with uplink synchronous/non-adaptive 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, keeping single carrier transmission in uplink. This means when there are many UEs trying to send data to eNode B, synchronous/non-adaptive 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. 
Therefore, some modifications are necessary in order to solve the potential drawbacks that synchronous/non-adaptive HARQ transmission scheme might have. In order to circulate and circumvent the restrictions to the scheduling operation caused by a pure synchronous/non-adaptive operation, we may consider a slight modification on the uplink HARQ operation. For the remedy to the aforementioned problems, it was agreed by RAN2 that limited level of adaptive operation should be allowed for HARQ retransmission in case of persistence scheduling. However, it is yet to be decided whether to apply similar notion also in case of dynamic scheduling. From our perspective, there is no reason not to apply this notion for dynamic scheduling, given that it has been already adopted for persistence scheduling. 
In order to support this operation, one additional bit should be inserted into UL scheduling grant to indicate whether this is grant for new transmission or grant for frequency reallocation in retransmission. Eventually, eNode B can transmit a UL scheduling grant with retransmission indication when it feels the necessity of changing the frequency resources for certain UE on the course of HARQ process. In this case, it may not be necessary to transmit explicit ACK or NACK on PHICH, which is quite inline with the previous RAN1 decision on the necessity of explicit ACK/NACK signalling. 
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Figure 1.  An example of modified HARQ operation by means of UL grant with retransmission indicator
Figure 1 shows an exemplary HARQ operation with retransmission indicator in UL grant. As can be seen in Figure 1, normal HARQ procedure is carried out by means of ACK/NACK just like the pure synchronous/non-adaptive HARQ operation, but eNode B can apply adaptive retransmission for certain UEs by sending UL scheduling grant with retransmission indicator only when eNode B feels the necessity of moving the resource for certain UE to another frequency resources. 

Also, further modification on UE behaviour may be considered together with the proposed operation in order to effectively deal with ACK/NACK feedback error case. In general, UEs are supposed to discard the on-going payload from retransmission buffer after receiving ACK signal from eNode B in case of pure synchronous/non-adaptive HARQ operation. But, one cannot fully avoid the situation where certain UE wrongly detects NACK transmission from eNode B as ACK. In this case, one cannot help resorting to RLC retransmission to retrieve the payload. Therefore, NACK to ACK error probability should be kept very low in order not to trigger frequent RLC retransmission, which implies higher power consumption for NACK transmission. However, NACK to ACK error probability requirement can be made looser if current UE behaviour in case of ACK signal reception is modified together with the HARQ operation proposed in this contribution. Here, instead of discarding the on-going payload in retransmission buffer, UE is required to keep the on-going payload of current HARQ process in the retransmission buffer until it receives the new grant signal targeted to it. If UL grant signal is transmitted with new transmission indicator, it can be considered as proof that the previously transmitted ACK signal was a ‘real’ ACK signal and correspondingly the UE can discard the payload confidently. On the other hand, if grant signal is transmitted with retransmission indicator or NACK signal is transmitted from eNode B, UE can presume that NACK signal was wrongly detected as ACK signal previously and correspondingly will retransmit the previous payload it has been keeping in the retransmission buffer on the frequency resource assigned in UL grant. In order to support this kind of UE operation, it is assumed that eNode B can notice whether the UE has transmitted something in response to NACK signal by means of energy detection on PUSCH. Though the energy detection on PUSCH may be considered as implementation issue, it may be a natural fallback for eNode B to support, considering the interactions when UE has lost its UL grant. Anyhow, if eNode B detects nothing has been transmitted on the resource from the UE, it will issue the UL grant signal with retransmission indicator in order to retrieve the HARQ process, which is presumed to be stopped incorrectly due to ACK/NACK feedback misdetection. Figure 2 delineates one exemplary operation by mandating UEs to keep the on-going payload until they receive UL grant.
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Figure 2. An example of proposed HARQ operation when UEs are mandated to keep the on-going payload 

The above procedure will alleviate the dependency on RLC retransmission in UE side which is caused by NACK to ACK feedback error, as long as energy detection in eNode B can be performed with certain level of confidence in eNode B side.
When the above UE requirement is written in the specification, it may be worthwhile to note that eNode B can enjoy further freedom of skipping or stopping any retransmission from certain UE that might need to occur in the future by transmitting ACK signal artificially even though eNode B could not successfully decode the packet in the corresponding HARQ process. One example is illustrated in Figure 3.
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Figure 3. An exemplary operation of the proposed method where eNode B skips the HARQ retransmission by transmitting artificial ‘ACK’ signal
As shown in Figure 3, the UE will not transmit anything on the UL resource but just keeps the packet in a retransmission buffer for the corresponding HARQ process until it receives UL resource grant for that HARQ process after receiving ACK signal from eNode B as is mandated in the specification. If eNode B decides to resume the stopped HARQ process again later in time, the eNode B can retrieve HARQ retransmission for the UE by transmitting UL grant with retransmission indicator for that HARQ process. It should be noted that this kind of skipping operation can be seen as eNode B implementation issue, which needs not to be specified.
In addition to the previously mentioned advantages, the proposed UE behaviour has collateral advantage of resolving potential erroneous situation caused by the event of UE’s missing UL scheduling grant for retransmission. Generally, retransmission scheduling grant is used to move the frequency resources for a certain UE from the previously allocated resources on the course of HARQ process. Let’s assume that the UE has missed the retransmission scheduling grant targeted to it. Currently, it has not been clearly decided yet what kind of signalling should be conveyed on PHICH when there is accompanying retransmission grant. According to the current working assumption, it is highly likely that NACK will be transmitted on PHICH to the UE or PHICH for the UE may not be transmitted at all if there is accompanying retransmission grant at certain time instant. In any cases, the UE is predisposed to perform HARQ retransmission over the previously assigned resources. There is a strong possibility that these resources are allocated to another newly scheduled UE. Consequently, two UEs will collide on the same resources if the old UE has missed retransmission grant targeted for it. 
Most likely, the subpacket transmitted from the newly scheduled UE will not be correctly decoded due to the interference from the old UE in case of collision. Fortunately, eNode B can recognize and recover from this kind of erroneous situation by issuing retransmission grant for previous UE again in the later time as long as eNode B has the capability of DTX detection on PUSCH. 

The more problematic situation rather takes place when eNode B successfully decodes the subpacket transmitted from the newly scheduled UE in spite of collision. In this case, the old UE may mistake ACK signal to the newly scheduled UE for its own ACK signal, depending on ACK/NACK mapping scheme. According to the current UE behaviour, the old UE will flush the existing payload in the retransmission buffer, resulting in whole payload loss. However, the proposed UE behaviour can solve this situation. Since the old UE will keep the on-going payload in the retransmission buffer until it receives new scheduling grant targeted to it, it can perform retransmission of the payload in response to the retransmission scheduling grant, which will be re-issued by eNode B in the aftermath of PUSCH DTX detection. 
Also depending on eNode B implementation, the proposed UE behaviour makes it possible for eNode B to minimize this kind of collision event in the first place per se by artificially transmitting ACK signal to the UE on PHICH when it is to be accompanied by retransmission grant targeted for that UE as shown in Figure 4. In this case, even when the UE misses its retransmission grant, it will not perform retransmission on the previously assigned resources as long as it detects ACK signal on PHICH. The eNode B can retrieve the skipped HARQ retransmission by issuing retransmission grant afterwards since the UE keeps the on-going payload in the retransmission buffer even after it receives ‘artificial’ ACK signal from eNode B. In this case, the ‘artificial’ ACK signal on PHICH can be seen as preparation provided against contingencies of erroneous collision caused by the event of UE’s missing retransmission grant. In this way, the collision event itself can be prevented to some extent. Again, it should be noted that this kind of artificial ‘ACK’ operation can be seen as eNode B implementation issue, which needs not be specified at all. 
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Figure 4. An exemplary operation of the proposed method where collision between two UEs can be avoided by artificial ACK transmission 
3.  The impact of HARQ feedback error
In this section, the impact of ACK/NACK signaling errors is investigated: ACK to NACK error and NACK to ACK error. The former is that ACK transmitted by eNode B is decoded as NACK at UE, and the latter is that NACK is decoded as ACK. In general, in WCDMA systems, if one ACK is decoded by the UE as a NACK, one useless retransmission will happen and thus system throughput performance decreases a little bit. On the other hand, in case of NACK to ACK error, it causes HARQ error so that RLC level retransmission is triggered. Therefore, NACK to ACK error bound should be tighter than ACK to NACK error bound. 
However, the impact of ACK to NACK signaling error on the OFDM based systems is quite different from CDMA based systems. In OFDM based E-UTRAN, ACK to NACK error results in collision between two different UEs trying to transmit on the same resource simultaneously. Figure 5 shows an example of ACK to NACK error in E-UTRAN. In the figure, eNode B transmits ACK to UE1 and at the same time transmits UL grant message to UE2 for m-th VRB where the UE1 has been assigned previously. However, ACK happens to be decoded as NACK by UE 1 so that UE1 and UE2 are trying to transmit data and consequently they collide with each other on the same resource. As a result, RLC level retransmission may be activated for the other UE’s data transmission when a certain UE wrongly detects ACK as NACK. Therefore, ACK to NACK error should also be tightly managed in order not to trigger frequent RLC retransmission.
	[image: image5.emf] 

Grant 

(UE1)

ACK

(UE1)

NACK

(UE2)

NACK 

(UE2)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Time 

(TTI)

Data Data

0 1 2

HARQ

Process 

3 0 1 2 3 0 1 2 3 0 1 2

Data

0 1 2

HARQ

Process 

3 0 1 2 3 0 1 2 3 0 1 2

Data

ACK to 

NACK 

error

Grant 

(UE2)

Data Data

Data

Freq.

UE1

UE2

collision collision collison

m-th VRB




Figure 1  Example of ACK to NACK error

The above observation has been well reflected in the outgoing liaison to RAN2 and RAN4 on the target error requirement for L1/L2 control signal, where ACK to NACK error requirement in E-UTRAN downlink is as tightly managed as NACK to ACK error [2]. The target error requirements for both cases are delineated as in the range of 0.01% ~ 0.1%. The implication of this requirement means there might be overwhelming increase in power requirement for ACK/NACK signaling in downlink, compared to W-CDMA case. Therefore, it may be worthy of investigation how to reduce the power requirement for ACK and NACK signalling in OFDM based E-UTRAN uplink.
It is believed that the proposed modification on UE behaviour after receiving ACK signal can alleviate stringent power management for NACK signal compared to the current assumption in pure synchronous HARQ operation. While ACK to NACK error case in the proposed mechanism should also be under tight management, NACK to ACK error case can be handled with looser requirement with the proposed modification on UE behaviour. The rationale of looser requirement can be explained as follows. If NACK signal is decoded as ACK signal at a UE side, none will be transmitted in UL. In this case, eNode B can recognize whether UE is transmitting data or not by means of energy detection. If it detects any UE is not transmitting data in UL, eNode B can resume the UE data transmission by UL grant with retransmission indicator. Therefore, it is clear that NACK to ACK error in the proposed modification will be mapped directly to the loss in uplink system throughput and there will be no other implications such as induction of RLC retransmission in UE side from this error as long as vacancy of the PUSCH resource can be correctly detected by eNode B. Of course, one may argue RLC retransmission still might happen from NACK to ACK error, depending on the accuracy of energy detection in eNode B side. However, even though perfect energy detection cannot be assumed, some gains are still to be expected as long as certain level of accuracies could be assumed for energy detection. The accurate error requirement for ACK to NACK error should be tied with the performance of energy detection, but 1% ~ 5% error requirement seems to be allowable for ACK to NACK error case.
In order to evaluate the amount of reduction in power overhead for ACK/NACK by modifying the UE behavior after receiving ACK signal together with the proposed HARQ operation, the results in our previous document can be referred [3]. As can be seen in the document, there may be some differences in performances according to simulation environments and parameter settings for ACK/NACK transmission. But, only the results with ‘SF 4’ and ‘RPF 3’ under TU model are referred here just for simplicity. Since RAN1 agreed on the range between 0.01% ~ 0.1% for ACK/NACK feedback error, let’s just assume that ACK/NACK feedback error is around 0.05%, which results in the required SNR of around 7.7dB. But in case of ACK/NACK signaling in our proposal, NACK error requirement can be set around 1%, resulting in the required SNR of around 2.6dB. Correspondingly, power level for NACK signal from our proposal can be set approximately three times smaller than that for original NACK signal. Even though the exact amount of power saving by our proposal would be affected by nominal retransmission number for UL HARQ, required power reduction of about 5dB for NACK signal would provide sufficient insight on what kind of gain one can enjoy from our proposal.
4. Conclusions

In this contribution, it is proposed to apply the limited level of adaptive operation for HARQ retransmission in case of UL dynamic scheduling also as well as in case of persistence scheduling. In addition to this modification, it is further proposed to modify the UE behaviour after the reception of ACK signal in order to handle the feedback error case more effectively. That is to say, it is proposed that UE should keep its ongoing HARQ transmission buffer until it receives new UL scheduling grant targeted to the UE. It is believed that this further modification will help reduce the power overhead compared to current ACK/NACK signalling. 
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