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1 Introduction

RAN1#49bis agreed to have an explicit DL ACK/NACK channel. 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. 

A remaining topic is the modulation scheme for ACK/NACK. Because DL ACK/NACK consists of one information bit, BPSK and On/Off Keying are reasonable candidates. We propose On/Off keying with On for NACK in order to reduce the average required transmit power. Additionally, we propose the related UL HARQ behaviour.

2 ON/OFF keying ACK/NACK and UL HARQ 

We propose ON/OFF keying where NACK is transmitted with power as shown in Figure 1. Our proposal on the corresponding uplink HARQ procedure is described below. 

[image: image1.emf]ACK

DTX

NACK


Figure 1: ON/OFF keying for ACK/NACK

eNB operation: When the eNB receives the UL data correctly (CRC OK), the eNB transmits an UL grant for the next initial transmission or transmits nothing depending on the availability of UL resources and a next packet. When the eNB receives the UL data incorrectly (CRC NG), the eNB transmits a NACK or an UL grant for a retransmission. 

UE operation:  After the transmission of UL data, the UE monitors both NACK and UL grant. When the UE detects a NACK, the UE retransmits the UL data on a RB, which was used for the initial transmission or on a pre-assigned RB. When the UE detects an UL grant for a retransmission, the UE retransmits the data with the indicated format on the indicated RB. The UE may sometimes detect both NACK and UL grant (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 (protected by CRC). In case of an UE receiving neither an UL grant nor a NACK, the UE does nothing. The UE does not flush the transmission buffer until it receives the next UL grant for new data. A new data indicator (or retransmission sequence number as similar to HSUPA) is signalled on the UL grant.  

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

Table 1 NACK/grant detection and UE action
	UL grant
	NACK
	UE action

	Detected 
(for retx) 
	Not detected
	Retransmit with indicated format 

	Detected 
(for retx) 
	Detected 
	Retransmit with indicated format 

	Detected 
(for initial tx)
	Not detected 
	Transmit new data

	Detected 
(for initial tx)
	Detected 
	Transmit new data

	Not detected
	Detected 
	Retransmit with pre-assigned format

	Not detected 
	Not detected 
	Do nothing (keep the transmission buffer)


Figure 2 shows the example of proposed HARQ procedure with On/Off keying ACK/NACK. 
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Figure 2: UL HARQ operation with On/Off keying 
The proposed HARQ operation with on/off keying for ACK/NACK has the following benefits:  

· NACK would be transmitted less frequently than ACK. Therefore, the average required transmit power is smaller compared to BPSK modulation, although the NACK in ON/OFF keying requires 3dB more power than ACK or NACK in BPSK. 

· The UE decision can be 2-state basis because UE does not need to distinguish ACK and DTX. This allows for eNB scheduler flexibility in allocation of retransmission data. If the eNB can not allocate the UE at the timing for some reasons, the eNB transmits nothing intentionally at this timing.

· Probability of false “ACK” detection can be reduced because UE detect “ACK” via UL grant for next initial transmission which is protected by CRC, as also mentioned in [1]-[3]. This would reduce RLC retransmissions. Although an explicit ACK is useful for flushing the buffer for pending transmission, the relative merit is not significant. Not flushing could actually be useful if the UE makes miss detection of NACK, then the eNB could request the UE to retransmit the data at the next transmission timing.

· UE transmits uplink data only when it detects a NACK or an UL grant, i.e. the default UE operation is not to transmit anything. This fits well into an orthogonal transmission system as kind of error case protection (i.e. avoidance of data collision). 

3 Error cases

In this section, we investigate the error cases for the HARQ operation with On/Off keying for ACK/NACK. 

Case 1: miss of UL grant (for initial transmission and for retransmission)

When the UE misses an UL grant, the UE does not transmit any data, but simply monitors the UL grants. If the eNB power detection of UL data from the UE is successful (i.e. no power is detected), the eNB retransmits the UL grants until it receives the 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 in Figure 3. The additionally delay caused by this would not be as critical. 
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Figure 3: miss of UL grant 

Case 2: miss detection of NACK (NACK-to-ACK/DTX error)

When the UE misses a NACK, the UE does not transmit any data but simply monitors the UL grants. The consequence of this error case is same as case 1 above. This behaviour is shown in Figure 4. 
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Figure 4:  miss detection of NACK

Case 3: false detection of NACK  (ACK/DTX-to-NACK error)
The consequence of this error case is slightly different for the different implicit ACK/NACK resource assignment cases, i.e. linked to the allocated uplink RBs or linked to the UL grant (CCE). 

When UE A falsely detects an NACK, UE A transmits UL data on those RBs, which were used for the previous transmission. If the eNB allocates these RBs to different UE (UE B), data collision occurs. After the retransmission, UE A monitors the ACK/NACK channel intended for UE B in case of ACK/NACK linked to UL RB (or UE A monitors the ACK/NACK for UE C in case of ACK/NACK linked to CCE). 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 (i.e. DTX) to UE B (or UE C). This is visualized in Figure 5. The error case could induce a degradation of the system throughput by unnecessary RLC retransmissions. 

However, the UE can recover from the unnecessary retransmissions by a simple scrambling of the DL ACK/NACK signal, which is carried out right after the repetition of ACK/NACK. Different orthogonal sequences could be used for the NACKs sent as response to UL transmissions triggered by a NACK and for the NACKs sent as response to UL transmissions triggered by an UL grant. Then, the first ACK/NACK monitored by the UE after the false NACK detection is always scrambled with a sequence not intended to the UE. . Accordingly, the UE interprets the wrong ACK/NACK as DTX. Details are explained in the annex. 
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Figure 5:  false NACK detection 

Case 4: 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 small because of CRC protection. 

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

4 Conclusion
In this contribution, we propose On/Off keying for DL ACK/NACK modulation and the related HARQ procedure. Our proposal is as follows. 

· On/Off keying ACK/NACK (NACK with power) 

· The eNB transmits NACK or UL grant (not both at the same time) to trigger a retransmission. 
· A new data indicator (or retransmission sequence number similar to HSUPA) is signalled within the UL grant. 
· The UE transmits uplink data only when it detects a NACK or an UL grant.  
· The UE always follows the UL grant regardless of the NACK detection result.
· NACKs sent as response to UL transmissions triggered by a NACK are scrambled by a different orthogonal sequences than NACKs sent as response to UL transmissions triggered by an UL grant.
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Annex:Principle of recovering from false NACK detection 

This annex explains the principle of recovering from a false NACK detection by the scrambling shown in errror case 3 in section 3. 
Hybrid FDM/CDM for ACK/NACK is agreed in RAN1#48bis. In the hybrid FDM/CDM, repetition (e.g. 4x) of ACK/NACK symbol is carried out and these symbols are code multiplexed among UEs with e.g. SF=4. 

The scrambling with a orthogonal sequence is carried out right after the repetition. Different orthogonal sequences are used for the NACKs sent as response to UL transmissions triggered by an UL grant and for the NACKs sent as response to UL transmissions triggered by a NACK. If the UE descrambles with the wrong sequence, the ACK/NACK decoding output becomes a DTX. 

Because the ACK/NACK resource is assigned to the UE A before the false NACK detection happen, the ACK/NACK resource after the false NACK detection is intended to a new UE (UE B, triggered by UL grant). Then, the first ACK/NACK monitored by the UE A after the false NACK detection is scrambled with the sequence not intended (i.e. sequence#1 for UE B). Therefore, the decoder output of the ACK/NACK becomes DTX. In this way UE can stop unnecessary UL transmissions. 
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Figure 6: recovering from false NACK detection 
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