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1. Introduction

It has been agreed that both ARQ and HARQ will be used for LTE. 
Since outer-ARQ is kind of a auxiliary retransmission scheme, the outer-ARQ should be as simple as possible. However current RLC AM is quite complex function with many options. 

for example, three different notations exist for NACK. 

· BITMAP, LIST, RLIST

And three different triggering mechanism for STATUS REPORT exist
· Periodic reporting, Reporting at being polled, Reporting at detecting missing PDU 

And mechanisms are there to minimize the reporting frequency.

· Prohibit polling mechanism, prohibit periodic reporting mechanism.
In this contribution, an ARQ mechanism operating based on the HARQ assistance is presented, where above complexity is gone with better performance.  
2. HARQ assisted ARQ operation: Basic Description
The idea is that HARQ transmitter provides local ACK/NACK to ARQ transmitter. 

Local NACK is generated upon below two events

1. When HARQ transmitter fails the HARQ transmission due to e.g. maximum retransmission limit

2. When NACK/ACK error is reported to HARQ transmitter

Local ACK is generated when none of above two events for an ARQ packet happens during predefined time interval.
Figure 1 illustrates the basic idea of the scheme. 
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Figure 1. HARQ assisted ARQ operation

Local NACK due to HARQ transmission failure is straightforward. 

And we don’t think implementing NACK/ACK error detecting mechanism in HARQ receiver is big deal. Some mechanisms have already been proposed in HSDPA [1], and we don’t see any problem in adopting this for LTE. In short, HARQ receiver assumes NACK/ACK error when it receives new transmission while it expects retransmission.  

Then a question would be whether we can take the packet not locally NACKed as transmitted successfully for local ACK operation. 
The answer will be yes if NACK/ACK error is the only significant case for undetected packet loss in HARQ level. Indeed there might be some exotic cases where other than NACK/ACK error leads to undetected packet loss at HARQ level. For example when HS-SCCH missing and DTX/ACK error happens in combination, HARQ transmitter will not detect the packet loss. However the probability of combined error case would be very low such that consecutive HS-SCCH missing and DTC/ACK error would be 10e-6
. 
So we assume that NACK/ACK error is the only significant source of undetected packet loss and it is proposed above simple scheme to get rid of complex L2 status reporting mechanism. 
The proposed scheme could be summarized as below table.
<table 1> HARQ transmitter’s operation for HARQ assisted ARQ operation

	· a packet is transmitted by HARQ transmitter

· if packet transmission is failed at HARQ level, 

· sends local NACK to ARQ transmitter for the packet.

· if packet transmission is successful, 

· HARQ transmitter wait for predefined time interval

· If NACK/ACK error is reported 

· sends local NACK to ARQ transmitter for the packet if not sent already 

· else 

· sends local ACK to ARQ transmitter for the packet


3. HARQ assisted ARQ operation: Benefits
Benefits of the proposed scheme can be summarized in three parts
· ARQ delay

· In normal ARQ operation, following components contribute to the delay until transmitter is getting aware that a certain packet should be retransmitted

· Transmission delay of the next packet

· Reordering delay of the next packet

· Transmission delay for STATUS REPORT

· In HARQ assisted ARQ operation, ARQ transmitter knows almost instantaneously that a certain packet should be retransmitted, if packet loss is due to HARQ transmission failure
· Bandwidth for status report

· In normal ARQ operation, ARQ NACK is sent over the air 
· In HARQ assisted ARQ operation, NACK/ACK error indicator is sent over the air 

· ARQ NACK is generated per missing packet at HARQ level while NACK/ACK error indicator is generated per NACK/ACK error
· In general packet loss at HARQ level is in the order of 10e-2

· NACK/ACK error rate is in the order of 10e-4

· Assuming ARQ NACK and NACK/ACK error indicator has same size, the required bandwidth for retransmission request of HARQ assisted ARQ operation is 1% of that of normal ARQ operation

· Simplified ARQ operation

· In normal ARQ operation, many complicated mechanisms are implemented in ARQ receiver for STATUS REPORT triggering.

· In HARQ assisted ARQ operation, ARQ receiver does not send STATUS REPORT, so that ARQ operation would be simplified to great extent.

· One can argue that we need more complex HARQ receiver instead, but we believe the complexity at HARQ level would be much less than the complexity at ARQ level in terms of number of options.  
4. Conclusion
It is shown that HARQ assisted ARQ operation brings great benefits in terms of performance, bandwidth requirement and simplified specification.
Therefore it is proposed to adopt the scheme in the section 3 as the starting point for HARQ/ARQ protocol design in LTE
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