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1 Introduction

In [1], Local NACK is introduced to assist the ARQ Tx to retransmit the missing packet faster and we can classify the Local NACK into two types: Tx-originated or Rx-originated. It will be detailed in the following section. In [2], it is assumed that HARQ feedback together with HARQ error-event related status reporting is sufficient. In [3], the advantages and potential issues of the Local ACK and Local NACK mechanisms are summarized. In [4], the merits and demerits of closely interacted HARQ and ARQ are discussed. In this contribution, we propose two new error cases to trigger Local NACK. A summary is given for all possible Local NACK scenarios. 
2 Discussion of the Local NACK

When HARQ Rx detects an error, it will send the error report to Tx in order to generate the Local NACK. This kind of Local NACK belongs to Rx-originated type. On the contrary, if HARQ Tx itself triggers Local NACK when detecting some error cases, the Local NACK belongs to Tx-originated type. Moreover, we suppose that the time-stamp and the related information(e.g. NDI or RSN or RV) of the previous received packet are included in the error report sent by the Rx. 

2.1 Rx-originated Local NACK
In the following, we discuss some error cases belong to Rx-originated type and explain how Tx can recognize them. There are three error scenarios, NACK/ACK, DTX/ACK and ACK/NACK, and DTX/NACK. The first two scenarios have been mentioned before in [1][3][6] and we propose that DTX/NACK should be considered.

NACK/ACK [1][6]

When the HARQ receiver detects the occurrence of NACK to ACK (i.e. the received packet is indicated as new one but the HARQ process is failed in the previous transmission, see Figure 1), it just sends the corresponding error report to the HARQ transmitter. If the NACK to ACK error detected by the receiver is due to the maximum retransmission limit or pre-emption, the transmitter will know and handle the error report properly. The waste of transmitting the error report can be acceptable because the probability of this special case is P((n-1) HARQ process failed)×P(NACK/ACK error). It is very small. 
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Figure 2: DTX/NACK error
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DTX/NACK
In general, DTX/NACK error can not be detected except the conflict between the indication of new data and the indication of the TB size. See Figure 2. SN=8 can not be decoded because of MCS change. In this scenario, we propose that Rx shall send an error report including the time-stamp of SN=2. According to the error report, Tx will be able to discover that a DTX/NACK error happened for the first transmitted SN=8 and it can decide to re-transmit SN=8 as new.
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Figure 3: DTX/ACK error

 

12

 


DTX/ACK or ACK/NACK [3][6]

We put these two cases together because they have no difference for Rx. See Figures 3 and 4. When Tx receives the error report, it can recognize which error happened. For Figure 3, it will discover DTX/ACK error happened to SN=8 because the error report shows that the previous reception of Rx is SN=2 not SN=8. Tx will decide to retransmit SN=8 and SN=12. For Figure 4, it will know that ACK/NACK error happened and it won’t retransmit SN=2. 

Let’s think about a special case. When DTX/ACK error happens on an isolated packets or the last packet available for transmission, Rx can not detect this error. As a result, we can decrease the probability of this case through multiple transmissions by Tx [5]. In this way, Rx can ignore this case because the probability of multiple DTX/ACK errors is very low.
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Figure 4: ACK/NACK error
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Figure 1: NACK/ACK error
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2.2 Tx-originated Local NACK
In the following, we discuss some error cases belong to Tx-originated type. These errors are detected by Tx itself so that it can easily handle them. There are three error scenarios, the maximum retransmission limit, pre-emption, and HARQ discard timer expiration. The first two scenarios are similar to each other and have been mentioned before in [1][6]. As for HARQ discard time expiration, it is a new error scenario we propose.

the Maximum Retransmission Limit (similar to Pre-emption) [1]

When the maximum retransmission limit of a packet is achieved, HARQ Tx will send a Local NACK to ARQ Tx to decide whether the packet is retransmitted or not. See Figure 5.

[image: image5.wmf] 

2

 

SN

 

NDI

 

1

 

N

 

SN

 

NDI

 

Local 

 

NACK

 

Tx

 

Rx

 

Figure 5: the maximum retransmission limit 
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HARQ discard timer expiration
Although duration of the RLC discard timer for an RLC SDU matches with the QoS requirement, duration of discard timer used in HARQ (called HARQ discard timer) is limited by HARQ procedure itself instead of by QoS requirement. This is because that, in the receiving side, HARQ discard timer is used for a re-ordering queue to solve problems due to NACK-to-ACK error or DTX-to-ACK error, which might occur in a HARQ process. Thus, when HARQ discard timer expires, we propose that a Local NACK is generated and sent to ARQ Tx. See Figure 6.
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Figure 6: HARQ discard timer expiration
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2.3 A Summary of possible error cases for Local NACK
In Table 1, we summarize possible error cases that may trigger local NACK. All the listed HARQ residual errors can be identified and the missing PDUs due to these errors can be handled by the Tx. As for other residual errors that are combinations of the errors listed in the table, the probability is very low so that we don’t address them herein. We assume that they can be treated by ARQ.

	Tx-originated
	Rx-originated

	1. the maximum retransmission limit [1]
	HARQ Tx decides to  generate the Local NACK.
	1. NACK/ACK [1][6]
	· Rx sends the error report to Tx.

· Tx will decide to generate the Local NACK.

	
	
	
	1. 

	
	
	2. DTX/NACK
	2. 

	2. Pre-emption [6]
(similar to 1.)
	
	
	

	
	
	3. DTX/ACK [3][6]
ACK/NACK
(ACK/DTX)
	

	3. HARQ discard timer expiration
	
	
	

	
	
	NACK/DTX
(i.e. normal NACK)
	


Table 1: Summary of Local NACK scenarios

3 Conclusion

This contribution summarizes possible Local NACK scenarios and discusses some proposals to handle them by the transmitter. We expect that local NACK can make Tx respond more quickly to the residual errors and reduce delays caused by detection of lost packet in the ARQ layer.
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Figure 4: ACK/NACK error
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Figure 5: the maximum retransmission limit 

error

 

N

 

2

 

1

 

…

 

N

 

2

 

1

 

Achieve the maximum 

retransmission limit

 

[image: image12.wmf] 

2

 

SN

 

NDI

 

1

 

SN

 

NDI

 

Local 

 

NACK

 

Tx

 

Rx

 

Figure 6: HARQ discard timer expiration
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Figure 3: DTX/ACK error
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Figure 5: the maximum retransmission limit error
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Figure 6: HARQ discard timer expiration
















