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1 Introduction

This contribution adds to the current discussion on Interworking between HARQ and ARQ. Although it outlines in quite some detail how this Interworking could work, its main purpose is to advocate in favour of a few design principles. 
Section 2 describes the design philosophy of the HARQ and ARQ interworking. Section 3 provides a detailed description of the Interworking for the different error cases. Section 4 summarizes the discussion from section 3. Finally, section 5 proposes text to be included in the TR ‎[1].
2 Design Philosophy
The agreed radio access protocol architecture is fundamentally different from the Rel.6 protocol stack. The most significant difference is the termination of the Outer ARQ protocol in the eNB. Another difference is that the existence of a HARQ protocol can be taken for granted for all traffic as opposed to traffic carried over DCHs in WCDMA. These differences have the following consequences:
· The error scenarios RLC has to deal with have been narrowed done compared to WCDMA, since HARQ is always used below RLC.

· Outer ARQ resides in the same node as the scheduler as well as the HARQ entity. This suggests close interactions between HARQ and ARQ that are further motivated in this section and described in detail in the next section.

· The Outer ARQ mechanism can not be used to provide lossless hand-overs. However, how to provide lossless handover is outside the scope of this contribution.

Since simplicity is a desired characteristic of communication protocols and based on the observation that the outer ARQ protocol has to deal with rare events (i.e., residual HARQ errors), we think that the RLC protocol should be simplified compared to Rel.6 RLC. This had let to the view that the Outer ARQ protocol provides not necessarily perfect data reliability. Instead the RLC protocol should provide the reliability which is required by higher layer protocols (e.g., TCP) or applications. It is believed that it is sufficient if a reliability of 10-6 is ensured.
If perfect reliability is not required, the Outer ARQ protocol can be operated mainly error-event driven. In other words, it is not assumed that positive acknowledgements are needed to release RLC PDUs from the send window. This implies that the amount of status messages can be decreased significantly, because in the general case RLC acknowledgements are not needed to move the send window forward. It is assumed that HARQ feedback together with HARQ error-event related status reporting is sufficient.
However, it is understood that certain traffic patterns make it difficult to detect residual HARQ errors, i.e., the last PDUs of a data burst or isolated PDUs after which no other traffic is received. If it is important that such HARQ errors are detected early, the RLC protocol could be operated in a more reliable configuration by using a poll mechanism. An example could be critical RRC signalling, which often exhibits a request -response pattern and can be characterized as “isolated” messages. 
In summary, the overall design philosophy of the concept described in the next section is that 

· The protocols adhere the principle of simplicity.

· RLC protocol has not to provide perfect data reliability. 

· The amount of control signalling is minimized.

· ARQ is not an independent, self-relying protocol, but instead it should rely on the HARQ protocol. HARQ assists ARQ by providing triggers that allow for close and fast interactions.

3 HARQ-ARQ Interworking
This section provides a description how the interworking between HARQ and ARQ could look like. It extends the discussion already provided in, e.g. ‎[2]

 REF _Ref133397298 \r \h 
‎[3].As mentioned above, the main interactions occur when residual HARQ errors happen. But before discussing these, the error-free case is briefly considered. Subsequently, the different residual HARQ error cases are discussed. Note that we distinguish between HARQ errors in on-going flows and those that occur when the last or isolated RLC PDUs are transmitted. This is necessary, because the mechanisms to detect the errors differ.
3.1 No residual HARQ errors

In case of an error-free HARQ operation, i.e., transmission errors occur, but they can be treated at the HARQ layer and no ARQ retransmission is needed, the simplified ARQ protocol does not interact at all. This means, since no residual HARQ errors trigger any status message, there are no status messages exchanged. The send window is moved forward based on a timer or counter operation, because it is assumed that without that an outer status message requested a retransmission, the RLC PDUs can be released from the buffer. However, the RLC buffer controller has to wait a reasonable guard period to make sure that potential status messages would have arrived before PDUs are released. 
This consideration shows that the proposed concept operates radio-resource efficient, because the amount of required status messages is minimized. For this scenario without HARQ errors, the ARQ protocol relies on HARQ feedback and the only interaction between HARQ and ARQ consists of ticking off RLC PDUs for which a HARQ ACK has been received.

3.2 HARQ NACK-to-ACK error, on-going flow

The event NACK-to-ACK error is detected at the HARQ receiver (compare Figure 1a) if a new HARQ transmission occurs instead of an expected retransmission (identified, e.g., by a redundancy version field) or, in case of a synchronous HARQ protocol, if the expected retransmission is not sent (nothing sent at all). Then, the receiver sends a status report to the sender, which triggers an ARQ retransmission. This status report comprises a frame number, which allows identifying the failed HARQ transmission at the HARQ sender, e.g., the frame number provides the first or last transmission of that corresponding process.

In principle, it is also possible to report the missing RLC PDU sequence number, but this requires that the sequence number is known, i.e., after the on-going transmission has been successfully decoded. This might take a few HARQ RTTs until the transmission is successfully decoded. In contrast, a frame number corresponding to the HARQ error can be reported immediately, when it is detected that the expected retransmission was not sent. Thus, reporting of the frame number provides faster error recovery.

Reporting of the frame number requires that the MAC sender is able to map the frame number to the RLC PDUs it relates to. Then, MAC can trigger the corresponding RLC retransmission. In this way this residual HARQ error can be resolved. 
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Figure 1: NACK-to-ACK error case, a) on-going flow, right: isolated packet
3.3 HARQ NACK-to-ACK error, last or isolated RLC PDU

In the previous section it has been described that the NACK-to-ACK error detection is always possible for a synchronous HARQ protocol, since the frame at which the retransmission can be expected is known. This works also for an isolated packet.

The NACK-to-ACK error detection for an asynchronous protocol is not so straightforward for isolated packets, since it may happen that a HARQ retransmission is delayed by the scheduler (see Figure 1b).

As indicated in section 2, there is the option of using an RLC poll mechanism to resolve these errors. This is however not the preferred choice and left only for special scenarios (see section ‎3.5), because it would require very frequent status messages, e.g., for every VoIP packet and almost all TCP ACKs.

The alternative is to use a timer at the HARQ receiver, which expires if the expected HARQ retransmission is not received in time. The exact value of this timer is for further study. It is beneficial if an upper bound would exist up to which the scheduler might delay a pending HARQ retransmission. The timer at the receiver should be used accordingly. If the timer expires without the reception of the corresponding HARQ retransmission, a status message is triggered to request the ARQ retransmission of the PDU. Since in this case the sequence number is not known, the frame number should be reported as discussed above.
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Figure 2: DTX-to-ACK error case, a) on-going flow, b) isolated packet
3.4 HARQ DTX-to-ACK error, on-going flow

A pre-requisite for a HARQ DTX-to-ACK error is that the L1 control information describing the resource usage is not received correctly
. Then, also the data can not be received, since the receiver is not aware which resources to demodulate and to decode. Consequently, the receiver does also not respond with a HARQ feedback. The DTX-to-ACK error actually occurs, if the data sender detects an ACK despite the fact that the receiver did not send any feedback. The sender marks the data as correctly received and continues operation. The HARQ transmission for this MAC PDU failed.
In case of an on-going flow (see Figure 2a), the MAC receiver detects a DTX-to-ACK event if an out-of-order PDU is received (under consideration of a guard interval of some HARQ RTTs or when no HARQ processes are pending). The receiver sends an explicit feedback message to the sender, which triggers then an ARQ retransmission. This message includes the SN of the missed RLC PDUs, since the frame number of the failed HARQ process is not known at the receiver.
3.5 HARQ DTX-to-ACK error, last or isolated RLC PDU

For those cases where isolated packets are sent, an additional mechanism is needed to detect DTX-to-ACK errors: The ARQ transmitter uses a Poll Timer ‎[3]. This timer is started upon transmission of the last MAC PDU in the buffer (compare Figure 2b). Furthermore, a poll bit is set in the corresponding RLC or MAC PDU header. Upon reception of this flag the receiver returns an RLC status message (OuterARQ ACK). If this ACK is not received before the poll timer expires, the MAC transmitter performs a retransmission. 
The described poll mechanism is the only mechanism to detect DTX-to-ACK errors for isolated PDUs. It significantly improves the reliability of the MAC protocol at the cost of an extra bit in every MAC header and (more important) of many additional OuterARQ status messages. Therefore, this mechanism should only be used for traffic that would suffer badly from such errors. In particular this is relevant, if messages are sent with long inter-arrival times (e.g., 50 ms or higher). 

It is believed that the poll mechanism is not needed for VoIP traffic or TCP traffic. 

For VoIP, new packets are arriving typically within 20 ms which should be sufficient to detect HARQ feedback errors via the mechanisms described above. Only the last packet in a flow might suffer, but for VoIP we would not expect a noticeable impact. 

The situation is similar for TCP; inter-arrival times are typically low. In addition, TCP provides the required mechanisms to recover from such rare error events. Overall, these events are seen as seldom so that, e.g., one out of 1000 file downloads would be impacted. Therefore, the generous use of such a poll mechanisms is not preferred due to the high feedback signaling load.

Thus, we propose that the use of the poll mechanism can be configured to be used for certain flows. In particular, for RRC signaling such a mechanism might be useful. 

3.6 HARQ maximum number of retransmissions reached

If the HARQ receiver is certain that this event occurred (identified e.g. by the redundancy version) it should not react with an Outer ARQ feedback message, because the HARQ sender is aware that this event occurred, will not perform a HARQ retransmission, and will trigger an ARQ retransmission. If a NACK-to-ACK error occurs on the last NACK, this will not be detected by the HARQ protocol. However, this is an extremely unlikely event and in most cases the ARQ receiver will detect and report the missing PDU (see error handling of NACK-to-ACK error).

3.7 HARQ events leading to losses

As discussed in section ‎2, we believe that it is not required that each rare error event is handled by HARQ and/or ARQ to achieve perfect reliability.

Above, two errors have been identified which are leading to a PDU loss:

· DTX-to-ACK error in case of isolated packets, if the poll mechanism is not used
· NACK-to-ACK error for the final HARQ retransmission (Max. No. of HARQ retransmission reached)
These scenarios are regarded as corner-cases that upper layer protocols like TCP or applications (VoIP) can tolerate. Also the user perception is not significantly impacted. 
4 Summary

This contribution has described a design philosophy for the HARQ ARQ interaction. It was argued that the RLC does not need to be a fully reliable protocol in order to meet the requirements of upper layer protocols or applications.
The following table summarizes the handling of different error cases. In all cases the RLC retransmit the affected RLC PDUs.
	Error Event
	Detection
	Error Reporting
	Status Message Content
	Comment

	NACK-to-ACK, 
on-going flow
	Unexpected MAC PDU arrives at HARQ receiver
	RLC Status 
	Frame Number
	

	NACK-to-ACK, 
isolated packet
	Synchronous HARQ: expected retransmission not received

Asynchronous HARQ: Timer at HARQ receiver expires
	RLC Status 
	Frame Number
	

	DTX-to-ACK error, on-going flow
	Unexpected MAC PDU arrives at HARQ receiver
	RLC Status
	RLC Sequence Number
	

	DTX-to-ACK, 
isolated packet
	RLC Poll mechanism; poll timer expires if no RLC ACK is received, then RLC retransmission
	RLC Status 
	RLC Sequence Number
	Costly mechanism, Should not always be used

	Max. No. of HARQ retransmissions
	HARQ sender knows it
	Local trigger in Sender to RLC
	
	


5 Proposal

It is proposed to capture the following in the TR:
· The RLC provides high reliability, but not full reliability.
· Two different content types of status reports are needed: Frame Numbers and RLC Sequence Numbers.

· An RLC Poll mechanism should be configurable for certain flows
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� This happens typically on the downlink. In the uplink, since resource requests and assignments are sent, a DTX-to-ACK error is a very rare event and not considered further.
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