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1 Introduction

RAN1#49bis agreed to have an explicit DL ACK/NACK channel (i.e. PHICH). In addition, it was agreed that in cases where ACK/NACK information is implicitly given by the resource grant, then no explicit ACK/NACK is needed in addition. In our understanding, this agreement implies that an uplink grant can be used to trigger retransmissions (i.e. adaptive HARQ operation). 

In this contribution, we propose an uplink HARQ protocol behaviour with synchronous adaptive/non-adaptive HARQ retransmissions. 

2 Proposed UL HARQ behaviour 

We propose synchronous adaptive/non-adaptive HARQ, where eNB can trigger a retransmission by either of NACK(non-adaptive) or UL grant(adaptive). Additionally, we propose a 2-state (ACK or NACK) detection by UE in order to ensure a sufficient high detection reliability. The eNB operation and UE operation in the proposed HARQ protocol is as follows. 

eNB operation: When eNB receives UL data correctly (CRC OK), eNB transmits an ACK and UL grant for the next initial transmission if UL resources and a next packet is available. Otherwise eNB transmits only ACK. When eNB receives UL data incorrectly (CRC NG), to trigger a retransmission the eNB transmits a NACK if eNB does not need to change uplink format (e.g. resource allocation) or transmits an UL grant if eNB needs to change uplink format. 

UE operation:  After the transmission of UL data, UE monitors both ACK/NACK channel and UL grant channel. When the UE detects an UL grant (for initial TX or reTX), the UE (re)transmits UL data (initial or reTX) with the indicated format regardless of ACK/NACK detection result. The UE may sometimes detect both ACK and UL grant for reTX (i.e. either is an error). In this case the UE follows the UL grant because a false detection of an UL grant is less likely due to CRC protection. When the UE detects a NACK and does not detect an UL grant, the UE retransmits the UL data on RBs which were used for the initial transmission or on pre-assigned RBs. Even when the UE detects an ACK, the UE does not flush the transmission buffer until it receives the next UL grant for a new data transmission. To distinguish the UL grant for initial transmission and for retransmission, a new data indicator (or retransmission sequence number as used in HSUPA) is signalled within the UL grant. 

Table 1 shows the UE action to the detection of UL grant and ACK/NACK. The UE always follows the UL grant when it is detected regardless of ACK/NACK detection result because the UL grant is more robust to false detection thanks to the CRC. 

Table 1 UE action to the detection of UL grant and ACK/NACK (proposal)
	UL grant
	ACK/NACK
	UE action

	Detected 
(for retx)
	ACK
	Retransmit with indicated format
(UE assumes NACK->ACK error)

	Detected 
(for retx)
	NACK
	Retransmit with indicated format

	Detected 
(for initial tx)
	ACK
	Transmit new data

	Detected 
(for initial tx)
	NACK
	Transmit new data
(UE assums ACK->NACK error if the maximum number of transmissions is not reached. If the maximum number of transmissions is reached, UE triggers local NACK.)

	Not detected
	ACK
	Transmit nothing and keep the TX buffer

	Not detected
	NACK
	Retransmit with pre-assigned format


Figure 1 shows the example of proposed HARQ operation. 
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Figure 1: example of proposed UL HARQ operation 

The proposed HARQ operation has the following benefits:  

· eNB has flexibility for uplink resource allocation for retransmission. This could improve the frequency selective scheduling and avoid undesired resource fragmentation. 

· Probability of false “ACK” detection can be reduced because UE detects “ACK” via UL grant for next initial transmission which is protected by CRC, as also mentioned in [1]-[3]. This would reduce RLC retransmissions. 
· NACK-to-ACK error case can be recovered by transmitting UL grant to trigger the retransmission.

· UE detection is 2-state basis. This allows for a good ACK/NACK detection performance. 

The PHICH transmission power requirement can be relaxed thanks to above 2nd to 4th bullet points. This is also backed up by the error case analysis in the annex, which shows NACK-to-ACK error does not cause a serious problem. 

It is arguable what eNB should transmit on the PHICH (ACK/NACK/DTX) when eNB transmits an UL grant to trigger a retransmission, since the UE follows the ACK/NACK detection result in case UE misses the UL grant. 

If ACK is transmitted together with the UL grant for retransmission, the UE’s action in case of a misdetection of the UL grant is to transmit nothing and keep the TX buffer. In this case, the UE does not cause interference to other UEs transmissions. However, UE looses some transmission opportunity. 

If NACK is transmitted together with the UL grant, the UE’s action in case of a misdetection of the UL grant is to retransmit with the pre-assigned format, i.e. synchronous non-adaptive retransmission. Depending on resource allocations to other UEs, the uplink data transmission by the UE could collide with other UE’s initial transmissions. However, if eNB monitors both preassigned resource and newly assigned resource for the retransmission, eNB still has a chance to successfully decode the uplink data even in case of collision, e.g. by using an interference cancelling receiver. 

If DTX is transmitted together with the UL grant, the UE interprets it either as ACK or NACK. The consequence of the misdetection of the grant is same as either of above explained depending on the interpretation. The merit of DTX is that the eNB can reuse the PHICH transmission power for the power boosting of other PHICH or UL grant. Note that UE detection with 3-state (ACK, NACK and DTX) should be avoided in order not to degrade the detection reliability. 

Although transmitting ACK would be safer, it could rely on eNB scheduler implementation what to transmit on PHICH together with UL grant for a retransmission. The eNB can decrease the PHICH power and increase the UL grant power to ensure the UL grant reception reliability by UE. The eNB can also transmit NACK in addition to an UL grant for retransmission when resource collision is not a concern. 

The UE behaviour should be specified as indicated in table 1. 

3 Conclusion
In this contribution, we propose an UL HARQ protocol operation with synchronous adaptive/non-adaptive HARQ retransmissions.  

Our proposal is as follows. 

· The eNB transmits NACK or UL grant to trigger a retransmission(i.e. synchronous adaptive/non-adaptive operation)
· There is a two-state detection in the UE, i.e. ACK or NACK. 
· The UE always follows the UL grant regardless of the ACK/NACK detection result.
References
[1] R1-072996, “Implicit ACK/NAK for LTE DL”, Nokia 

[2] R1-072949, “Downlink Control Signaling for Uplink Re-transmission in E-UTRA”, NTT DoCoMo

[3] R1-074217, “Modifications on UL synchronous HARQ procedure”, LG

Annex: Error cases 

In this section, we investigate the error cases for proposed HARQ protocol operation. 

Case 1: miss of UL grant for initial transmission

When the UE misses the UL grant, the UE does not transmit any data, but simply further monitors the UL grant channel. If the eNB power detection of UL data from the UE is successful (i.e. no power is detected), the eNB retransmits the UL grant until it receives an UL data transmission. If the eNB fails the power detection, the eNB may send NACK and the UE does not transmit UL data. This behaviour is shown inFigure 2. The additionally delay caused by this would not be so critical. 
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Figure 2: miss of UL grant 

Case 2: NACK-to-ACK error
When UE erroneously detects an ACK due to NACK-to-ACK error, the UE does not transmit any data but simply monitors the UL grant channel. The consequence of this error case is same as case 1 above. This behaviour is shown in Figure 3. NACK-to-ACK error can be recovered by transmitting an UL grant for retransmission. 
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Figure 3:  NACK-to-ACK error

Case 3: ACK-to-NACK error
When UE A erroneously detects an NACK, UE A transmits UL data on those RBs, which were used for the previous transmission or pre-assigned. If eNB allocates these RBs to a different UE (UE B), data collision occurs. After the retransmission, UE A monitors the PHICH intended for other UE (UE C) assuming the PHICH is linked to the PDCCH (CCE) used for the UL allocation. If UE A detects a NACK, the data collision repeats until the eNB sends an UL grant for new data to UE A or until the eNB sends an ACK to UE C. This is visualized in Figure 4. The error case could induce a degradation of the system throughput by unnecessary RLC retransmissions. 
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Figure 4:  ACK-to-NACK detection 

Case 4: miss of UL grant for retransmission

As discussed in section 2, the consequence of this error case depends on UE detection result of PHICH transmitted together with the UL grant. However, an appropriate eNB operation can avoid a serious problem, e.g. throughput degradation due to uplink data collision with other UE, as explained in section 2. 

Case 5: false detection of UL grant

This case means a false pass of the PDCCH CRC. The consequence of this error case is identical to case 3 above. We think the probability of this error case is very small because of CRC protection. 

Based on above investigations, we believe the proposed HARQ protocol operation is robust against the assumed error cases. Therefore, the ACK/NACK power requirement can be relaxed. 
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