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1. Introduction

HARQ assisted ARQ mechanisms have been discussed in various contributions, e.g. [1-9]. This contribution discusses HARQ-ARQ interactions, and in particular the issues related to Error Detection and Reporting.
2. HARQ-ARQ Interactions
2.1. Background

The RAN2 LTE TS [10] section 9 on ARQ and HARQ operation specifies having ARQ error recovery in addition to HARQ error recovery. It also describes potentially supporting HARQ assisted ARQ as FFS.
In HARQ assisted ARQ, the basic idea is to have the transmitting node utilize the HARQ ACK/NACK feedback to generate Local ACK/NACK to its transmitting ARQ entity(ies), hence minimizing the need for ARQ level STATUS reporting. 

Instead of utilizing STATUS reports (that contain positive ACKs) to move the RLC transmission window, a timer-based mechanism can be used together with Local ACK to move the window, hence eliminating the need for STATUS reporting in this case.

Instead of utilizing STATUS reports (that contain negative ACKs) to identify missing packets and trigger ARQ retransmission, Local NACK can be used to trigger ARQ-level recovery, hence eliminating the need for STATUS reporting in this case.

The justification for keeping ARQ level Status Reports in LTE is in order to detect and report errors that can be undetected at the HARQ level or the HARQ level recovery procedure is not ensured.
2.2. Analysis of Error Detection Issues
False Local ACKs, arising from NACK(ACK errors or DTX(ACK errors, can cause irrecoverable packet loss and TCP performance degradation, if undetected and un-recovered.

[5] analyzed HARQ feedback error detection and reporting for ongoing flow and isolated packet scenarios. Table 1 analyzes the receiver’s abilities to detect NACK(ACK and DTX(ACK errors or their resultant data errors, also for the ongoing flow and isolated packet scenarios. 
Table 1: Analysis of HARQ Feedback Error Detectability at the Receiving entity
	
	NACK(ACK error
	DTX(ACK error

	Ongoing Flow
	1. Detectable at HARQ Rx: via unexpected HARQ PDU arrival (e.g. unexpected HARQ SN or NDI toggle)
2. Detectable at RLC Rx: via ARQ SN gap detection


	1. Detectable at HARQ Rx: via unexpected HARQ PDU arrival (e.g. unexpected HARQ SN or NDI toggle), in most cases
2. Detectable at RLC Rx: via ARQ SN gap detection



	Isolated Packet
	1. Detectable at HARQ Rx: if HARQ retransmissions are not received within a certain time
2. NOT Detectable at RLC Rx: only RLC Tx can detect it if it polls for STATUS

	1. NOT Detectable at HARQ Rx.

2. NOT Detectable at RLC Rx: only RLC Tx can detect it if it polls for STATUS




From Table 1, it is observed that all errors can be detectable by the receiver, except for the DTX(ACK error for an isolated packet. Whether it is necessary to be able to detect such error will ultimately depend on the targeted DTX(ACK error rate: for example, if the DTX(ACK error rate can be made sufficiently low in the isolated packet case, then such an error case can be ignored, and there would be no need to perform STATUS polling for isolated packets. Otherwise, in normal operation, the RLC Tx will have to poll for STATUS on every isolated packet if it needs to ensure reliability. The RLC STATUS polling ability could be a configurable option per data flow that depends on the QoS requirement of the data flow.
On the other hand, for the ongoing flow case, both NACK(ACK and DTX(ACK errors can be detectable by the receiver at both the RLC level and in most cases at the HARQ level. 
From a performance perspective, whenever both detection mechanisms are capable of detecting the same error scenario, HARQ level detection is always faster than ARQ level detection, since the RLC/ARQ will have to utilize a timer (similar to T1) before it can declare an error (i.e. declare a missing SN gap), in order to allow for HARQ processes’ jitter/delays.

On the downside, HARQ level error detection suffers from the issues highlighted in [6], which are: sending unnecessary error reports when the HARQ process carries unacknowledged mode (UM) data, or when the HARQ Tx has knowingly ceased HARQ PDU retransmission (e.g. due to pre-emption, or due to reaching the max retransmissions limit). Such issues however can be resolved: the ‘cause value’ bit described in [2]
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[3] can prevent the unnecessary sending of error reports if the HARQ Tx has knowingly terminated a HARQ PDU retransmission, and the ‘cause value’ bit can be generalized to suppress error reporting if the terminated HARQ PDU contained only UM data.
ARQ level error detection also has its downsides, in addition to its slower error detection and recovery when compared to HARQ level error detection. Since in HARQ assisted ARQ the RLC transmission window will be advanced using Local ACK and a ‘guard’ timer in order to provide enough time for potential error reports to arrive, the ‘guard’ timer at the RLC transmitter needs to be larger than the T1-equivalent timer of the RLC receiver. This implies that the window will be advanced more slowly, which would result in bigger window size requirements. This also implies that coordination is needed between those two timer values, which may complicate matters.

Despite those downsides, ARQ level error detection/reporting is necessary since it can ensure that no DTX(ACK errors are missed for ongoing flows and since an HARQ error report (e.g. a NACK(ACK error report) may get lost without being detected (if unacknowledged). Additionally ARQ STATUS polling is needed to ensure that there are no errors on isolated packets. 
Consequently, HARQ level error detection/reporting and ARQ level error detection/reporting both have their own merits that justify their support and usage. With both error detection mechanisms available, the advantages of each can be exploited for the best possible performance.
3. Conclusion 
For HARQ assisted ARQ:
HARQ level error detection/reporting is faster than ARQ level error detection/reporting (e.g. ongoing flow failure cases), and therefore has the potential to provide faster error recovery and reduced window size requirements.
Conclusion # 1: HARQ receiver transmission failure detection and reporting to the ARQ transmitter should be supported to allow for faster recovery and reduced window size requirements.
ARQ level error detection/reporting can ensure that no DTX(ACK error is missed for ongoing flows, and that no error goes undetected (e.g. if the HARQ error report is itself lost).

Conclusion # 2: ARQ receiver error detection and reporting to the ARQ transmitter should be supported to ensure that HARQ level errors are not missed.
The error case which cannot be detected by the receiver is DTX(ACK error on isolated packets. If the DTX(ACK target error rate for isolated packets is not small enough to be ignored, then in order to ensure reliability, the transmitter will have to detect such error by ARQ polling for acknowledgement on all isolated packets. Of course polling may be an RLC configurable feature per data flow. Status Report polling may also needed due to the possibility that the HARQ level error detection message fails on an isolated packet. The HARQ error report can get lost, but ARQ may repeat the Status report until the error is corrected or re-poll on timeout for the polling case.
Conclusion # 3: ARQ Status Report polling by the transmitter should be supported to ensure detection of HARQ DTX(ACK errors and ensure recovery when HARQ level error reports are lost for isolated packet failures.

4. Proposal 

It is proposed to capture the 3 conclusions in [10], Section 9 on ARQ and HARQ operation.
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