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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, it should be as simple as possible. 
Current RLC AM is quite complex with many options. 
For example, three different notations exist for NACK. 

· BITMAP, LIST, RLIST

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

And mechanisms are there to minimize the reporting frequency.

· Prohibit polling mechanism, prohibit status reporting mechanism.
In this contribution, an ARQ mechanism operating based on the HARQ assistance is presented, where above complexity is gone and performance is better.
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 gives up 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 have taken place 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 at HARQ transmitter’s giving up is straightforward.

We also think that a NACK/ACK error detecting mechanism can be implemented with limited complexity 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 consider the packet not locally NACKed as transmitted successfully. 
The answer will be yes if NACK/ACK error is the only significant source for undetected packet loss in HARQ level. 
Undetected HARQ level packet loss happens when the feedback signal which is not ACK is misinterpreted to ACK. 

There are two such cases, the first one is NACK/ACK error and the second one is DTX/ACK error. What should be noted is that DTX/ACK error does not happen unless the receiver misses associated control information (e.g. HS-SCCH). 
In general, combined error such as HS-SCC missing plus DTX/ACK error happens seldom
, hence we assume at this moment that NACK/ACK error is the only significant source of undetected HARQ level packet loss.  

Then the proposal is to adopt the above scheme and to get rid of L2 status reporting mechanism.
The proposed scheme could be summarized as below table.
<table 1> HARQ assisted ARQ operation: HARQ transmitter 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 if

· sends local ACK to ARQ transmitter for the packet


3. HARQ assisted ARQ operation embedded in MAC
A MAC architecture is proposed in [2], and this section shows how HARQ assisted ARQ operation can be merged into the proposed architecture.
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Figure 2. HARQ assisted ARQ operation in proposed MAC architecture
MAC-f is responsible for ARQ handling and framing, and MAC-m is responsible for multiplexing.
MAC-f forwards MAC-f PDUs to MAC-m entity, which multiplexes those MAC-f PDUs into a MAC-m PDU. MAC-m also manages MAC-m PDU context, which contains following information per MAC-m PDU

· HARQ processor id where the MAC-m PDU is being served or has been served.

· Transmission time when the MAC-m PDU has been transmitted. 

· MAC-f PDU identities, which is the combination of sequence number of MAC-f PDU and id of MAC-f entity   

HARQ Tx generates transmission status of a MAC-m PDU like below. In doing so, a MAC-m PDU is identified with HARQ processor id and transmission time. 
· When a MAC-m PDU is not to be transmitted due to e.g. retransmission limit, ‘transmission failure’ for the MAC-m PDU is signaled to MAC-m entity
· When NACK/ACK error for a MAC-m PDU is reported, ‘transmission failure’ for the MAC-m PDU is signaled to MAC-m entity

MAC-m entity generates local ACK/NACK in MAC-f PDU level using MAC-m context like below.

· When ‘transmission failure’ for a MAC-m PDU is reported, it generate local NACKs and signal them to relevant MAC-f entities.

· If ‘transmission failure’ for a MAC-m PDU is not received during predefined time interval, MAC-m entity generates local ACKs and signals them to relevant MAC-f entities.

HARQ Rx sends NACK/ACK error report when detected. NACK/ACK would be piggybacked in MAC-m PDU [FFS]. NACK/AC error report contains following information.
· HARQ processor id where NACK/ACK error is detected

· Reception time of the packet that suffers NACK/ACK error  

4. Conclusion

HARQ assisted ARQ operation give benefits in three aspects [3].

· ARQ operation is simple, because ARQ receiver doesn’t issue STATUS REPROT

· Lost packet is detected more quickly

· amount of feedback signaling is smaller
It is suggested to discuss HARQ assisted ARQ operation and agree to the basic concept.
Reference
[1]
R2-012366, “Error-recovery for S&W in HSDPA”, Philips 
[2] 
R2-060076, “MAC Architecture and Framing”, Samsung
[3]
R2-052800, “HARQ assisted ARQ operation”, Samsung

� Probability of HS-SCCH missing has been assumed 10e-2 and DTX/ACK error probability is assumed 10e-4 in HSDPA. So the combined probability is 10e-6
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