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1 Principle: 

The simplest protocol is often the most robust protocol. We prefer simple HARQ and ARQ design in 16m as long as we achieve 10e-6 PER and low probability of triggering TCP timeout. ARQ is a mechanism primarily for recovering from HARQ residual error (10e-3) so that the required performance (10e-6 PER) for proper TCP operation can be achieved.
Compared to ARQ in 16e, we see a major advantage of including methods that allow the HARQ entity in the transmitter to detect that the HARQ process was terminated with unsuccessful outcome, and trigger the ARQ retransmission in a fast manner.

However, other ARQ-HARQ interworking features complicate the design, but without necessarily improving the performance. Specifically, Local ACK scheme suffers from NACK-to-ACK error (10e-4), thus further requiring NACK-to-ACK recovery and local NACK scheme in the receiving side, which introduces additional complexity in the system.
2 The feature with advantages

· Local-NACK in the transmitter side

The table 1 shows that Local NAK helps to improve the TCP performance when high data rate is supported [1].

Table 1: Simulation results of local NAK in tx. side
	
	Traffic BW = 32 Mbps, TCP buffer = 6.5 Mbyte
	Traffic BW = 384 Kbps, TCP buffer = 65 Kbyte

	
	RLC recovery delay
	FTP resp. time
	RLC recovery delay
	FTP resp. time

	No local NACK
	89 msec
	33.314 sec
	75 msec
	461.171 sec

	Local NACK in tx_side 
	25 msec
	27.061 sec
	20 msec
	461.113 sec


3 The features with unclear advantage or even disadvantages

· Local ACK

Some proposals suggest that if HARQ ACK is received at the transmitter side, then this can “converted” to an ACK at the ARQ entity in the transmitter. The main motivation of these proponents is to remove ARQ ACK feedback to save overhead. First of all, when ARQ cumulative ACK is used as ARQ feedback mechanism, it does not cause much overhead (BS may control the frequency of ARQ feedback, minimum is just one cumulative ACK every 1024(ARQ window) ARQ packets) under normal operation. Secondly, the following must be considered:
· Worse performance in case of HARQ NAK HARQ ACK error: The probability of HARQ NAK-to-ACK error is typically around 0.1%. This is still too high for TCP type of application which require packet error rate of less than10e-5 to 10e-6. To compensate this HARQ NAK-to-ACK error, additional mechanisms are needed, which introduce not only additional complexity at both transmitter and receiver side but also additional over the air signaling.
· Redundant process in HARQ entity: Note that in case of 16e HARQ, the HARQ entity just performs concatenation of MPDUs, which means just compose the HARQ burst and send it. In contrast, if Local ACK is adopted, the HARQ entity may have to identify all ARQ block sequence numbers (which is present in the packing/fragmentation sub-header in 16e) of every MAC PDU in every HARQ burst in order to prepare Local ARQ ACK every time an HARQ ACK is received. Furthermore, the ARQ state machine should be changed considerably. While Local NAK also needs additional process in the HARQ entity, this event only happens when maximum HARQ retransmission is reached, the probability of which is much lower than the probability of receiving HARQ ACK.

· NACK-to-ACK recovery
In MAC-008/003r1, it is recommended to use new MAC management to recover from NAK-to-ACK error when such an error is detected in a receiver side. This MAC message is sent when HARQ retransmission is not received within T1 time after sending HARQ NAK. This has the following problems as referred in [2]: 

· First of all, to send MAC management message in the uplink, a BW request/grant signaling must be performed which incurs overhead. Each extra step needs error handling. The error probability of this request/grant signaling is not considered in MAC-008/003r1.
· Secondly, in the DL, asynchronous HARQ is used, as explained in the example it will be more difficult to detect NAK-to-ACK error. For example, if the user is a lower priority user, the HARQ process can be delayed by the BS scheduler. Therefore, timer based solution to recover NAK-to-ACK error needs to take this variation into account.
· Finally, if NAK-to-ACK error happens in the final HARQ retransmission attempt, the solution of NAK-to-ACK recovery proposed in MAC-008/003r1 can not work because there is no HARQ retransmission attempt left in the transmitter side. In the receiver side, there is no way left to detect. The next packet can be a totally new HARQ burst.
In summary, in MAC-008/003 it is suggested to insert a new logical entity/layer between ARQ and HARQ by introducing “MAC message to indicate NAK2ACK error”. This is neither HARQ signaling nor ARQ signaling. Effectively this is a new MAC entity designed solely for the purpose of reporting HARQ feedback error. New timers have to be established at both transmitter and receiver side, which may or may not serve the desired purpose of enhancing E2E reliability, since the latency involved is uncertain. In addition, this new MAC signaling message has to be sent, whenever there is a possibility for NAK-to-ACK error, making the original goal of overhead reduction not very convincing. Note in terms of the functionality, ARQ can achieve exactly the same already. We are concerned whether we need this extra complexity.
· Local NACK in the receiver side

As simulated in [1], local NACK in the receiver side does not show noticeable improvement to TCP performance.

Table 2: Simulation results of local NAK in rx. sdie
	
	Traffic BW = 32 Mbps, TCP buffer = 6.5 Mbyte
	Traffic BW = 384 Kbps, TCP buffer = 65 Kbyte

	
	RLC recovery delay
	FTP resp. time
	RLC recovery delay
	FTP resp. time

	No local NACK
	89 msec
	33.314 sec
	75 msec
	461.171 sec

	Local NACK in tx_side 
	25 msec
	27.061 sec
	20 msec
	461.113 sec

	Local NACK tx_side + local NACK rx_side
	19 msec
	27.030 sec
	16 msec
	461.109 sec


On the other hand, NACK-to-ACK recovery in the receiving side is quite complicated given that there are so many scenarios as shown in 08/1053r2 and UMAC-08/007. Detection of NAK-2-ACK includes not a single but many possible cases. The proposed text in UMAC-08/003 contribution, will work to some extent, but at the cost of uneven error protection and uncertain E2E reliability:
•
In some error cases such as the last packet in a session, such error detection will be much slower unless there is extra mechanism involved. Slow error detection causes these packets to be less protected by ARQ. 

•
HARQ feedback error detection is a “vague” (implantation dependant) term, compared to “ARQ feedback delay” which is well defined. Thus the buffer timer after local HARQ ACK at the transmitter side does not provide any quantitative E2E reliability measure.
4 Recommendation

The local NAK feature provides performance gain, and therefore, we recommend this feature. Other features mentioned in section 3 cause additional complexity while compromising reliable operation in some cases as pointed above.

Our recommendation is captured in the changes to the draft text proposed in section 6. We would like the chairs to consider these changes.
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6 Text Proposal

================= Start of Proposed Text ========================

10. Medium Access Control Sub-Layer 
10.2.3 HARQ and ARQ Interactions
When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here is can be applied to the corresponding flow.

If the HARQ entity in the transmitter determines that the HARQ process was terminated with an unsuccessful outcome, the HARQ entity in the transmitter informs the ARQ entity in the transmitter about the failure of the HARQ burst. The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the appropriate ARQ blocks.
If the HARQ entity in the receiver determines that the HARQ process was terminated with an unsuccessful outcome, the HARQ entity in the receiver informs the ARQ entity in the receiver about the failure of the HARQ process. The ARQ entity in the receiver can then undertake to inform the corresponding ARQ entity in the transmitter of the HARQ process failure. ARQ entity in the receiver can wait for a predetermined time before sending MAC signaling to the ARQ entity in the transmitter.  The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the appropriate ARQ blocks.
10.2.3.1 Local NACK between HARQ and ARQ

A local NACK is sent to the ARQ process in the event that the HARQ process was terminated with an unsuccessful outcome.

10.2.3.2 Local ACK between HARQ and ARQ
A local ACK is sent to the ARQ process in the event that the HARQ process was terminated with a successful outcome.
10.2.3.3 NACK to ACK Errors
To mitigate for NACK to ACK errors, the ARQ transmitter delays the purging of ARQ blocks acknowledged by the local ACK indication.  This allows the receiver time to detect the error and take the appropriate action to correct it.  The receiver, upon detection of a NACK-to-ACK error event, sends a MAC signalling message to the transmitter.  The MAC signalling message identifies the specific HARQ process which incurred the NACK-to-ACK error, e.g. frame/subframe number and HARQ process ID.  If the transmitter does not receive a MAC NACK-to-ACK error indication before a predetermined time, it purges the ARQ blocks acknowledged by the local ACK indication.
10.2.3.4 ACK to NACK Errors
Recovery from ACK to NACK errors is achieved via duplicate ARQ block detection.  Duplicated ARQ blocks are discarded.

10.4 ARQ

An ARQ block is generated from one or multiple MAC SDU(s) or MAC SDU fragment(s). ARQ blocks can be variable in size. ARQ blocks are sequentially numbered. The location of this sequence number in the MAC PDU is FFS.

Retransmission of a failed ARQ block can be performed with or without rearrangement.
As described in section 10.2.3, a NACK based ARQ protocol is used in conjunction with the local NACK/ACK indication from the HARQ entity to the ARQ entity
============================== End of Proposed Text ===============

  


