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1
Introduction

HARQ assisted ARQ operation for E-UTRAN has been addressed in the recent RAN2 LTE contributions [1] [2]. This contribution presents our views and proposals on HARQ-ARQ interaction for E-UTRAN, including specific text proposal to be included in 3GPP TR 25.813 Section 6.4.
2
Motivation
To a large extent, we agree with [1] [2] in the following aspects:

· Due to collocation of the network-side ARQ and HARQ in the eNB, tight HARQ-ARQ interactions can be used for E-UTRAN optimisation purposes, e.g., enhancing simplicity and efficiency of E-UTRAN system design and performance;
· The HARQ transmitter has certain knowledge about success or failure of a HARQ process being used for transmitting a given TB. This is based upon the received acknowledgement from the receiver and that the transmitter itself decides to give up the current HARQ process of the given TB. The cause for giving up and resulting in a HARQ failure seen by the transmitter can be for examples when the last allowed retransmission attempt still fails or due to some pre-emptive scheduling reason. In this case, in the transmitter side a local HARQ failure indication, referred to as Local NACK from the HARQ level to the ARQ level, can be used immediately to speed up possible ARQ retransmissions of relevant data. This, in correct operation, is much simpler and faster than waiting for normal ARQ status report;
· There may still be residual errors or packet losses on the HARQ level due to possible NACK→ACK or DTX→ACK misinterpretation errors happening at the transmitter. HARQ functions may include residual error detection and recovery mechanisms. For examples, the HARQ receiver is able to detect NACK→ACK error when it receives a TB indicated as new data instead of an expected retransmission. The receiver side may then send a HARQ error indication of the lost data to the transmitter side and, based on that, the transmitter can initiate retransmission faster than waiting for normal ARQ status report.
Nevertheless, the following problems remain:

· It has already been pointed out in [2] that the proposed HARQ assisted ARQ operation therein cannot recover from the DTX→ACK error. This includes, for examples, the case when the first HARQ transmission attempt got lost from the receiver and the transmitter made that DTX→ACK error. To avoid this problem, [2] suggests that the DTX→ACK error rate requirement should be kept low enough to fulfil the highest reliability requirement of upper layer service, e.g., 10e-4. This may not be acceptable as a cost-effective enough requirement for E-UTRAN.

· HARQ error detection and recovery is not fully proved in NACK→ACK error cases as well. This depends on specific details such as whether adopted HARQ is asynchronous or synchronous; timers are used together with out-band signalled new data indicator; and so forth. In regard to the proposal of [1], if asynchronous HARQ is assumed, the receiver is not able to detect NACK→ACK error happening on the last packet. This may not even be sufficient enough in cases like transfer of infrequent control signalling when there is some message to be sent once for awhile but with high reliability and short delay requirements. In such cases the delay of HARQ error detection and recovery can be substantially long. Let us remind that ARQ with polling is an effective scheme for these cases.
Furthermore, the ARQ is in principles a L2 peer-to-peer protocol used to recover the residual errors left by the HARQ and to ensure reliable in-order transmissions of L2 packets. The ARQ operation must not totally rely on the indications from the HARQ level as long as HARQ residual errors are not negligible. Thus, HARQ assisted ARQ should not aim at getting rid of ARQ status report completely as stated in [2] for simplicity reason while having to compromise robustness of the system design, operation and performance.
3
Proposals
3.1
General proposal

E-UTRAN HARQ functionality may include HARQ error detection and recovery mechanisms. E-UTRAN HARQ assisted ARQ aims at significant enhancements in both reducing complexity and improving efficiency in terms of L2 throughput-delay performance while keeping robustness of the ARQ comparable with that used in UTRAN.
The ARQ level retransmissions can normally be based upon Local NACK indicated by the HARQ level at the transmitter side. Local NACK is generated whenever the HARQ transmitter gives up a particular HARQ process being used for transmitting a given TB, e.g. the maximum number of retransmissions are reached and no ACK is received.
Normal ARQ operation with status reporting is required for E-UTRAN ARQ to recover HARQ residual errors.
3.2
Further enhancement considerations for ARQ
The system with features mentioned in Section 3.1 as such works fine. But the complexity concerned with ARQ as shown in [1] [2] somewhat remain since normal ARQ with status reporting is still needed. This aspect as well as the overall HARQ-ARQ performance can be further enhanced, however.

In case no further features such as aforementioned receiver-originated HARQ error detection and reporting are adopted, ARQ status reporting should utilize event-triggered reporting effectively to keep protocol overhead as low as possible. For examples, the status report is sent only when the receiver performs reordering and detects a missing SN segment. Thus, normally utmost one status report is sent per a reordering interval or window. In the meantime, the transmitter side can also rely on Local ACK and a suitable ARQ timer which is set in line with the reordering interval or window to manage related ARQ retransmission buffer. In addition, polling for status report on the last packet or infrequent high-priority traffic such as RRC signalling is needed as in UTRAN.
Because the delay associated with HARQ functionality is often much less than the delay associated with ARQ functionality involved in transfer of a given packet, retransmission schemes that rely as little as possible on the ARQ tend to provide, overall, shorter RTT and better packet delay. This motivates the introduction and usage of receiver-originated HARQ error detection and reporting as presented in [1] [2] which is further discussed and enhanced in the next section.
3.2.1 Receiver-originated HARQ error detection and reporting
The basic mechanism behind this receiver-originated HARQ error detection and reporting is similar to that presented in [1] [2]. The receiver side upon detecting a HARQ error of such NACK→ACK misinterpretation nature happened at the transmitter will generate an HARQ error indication and send it back to the transmitter as soon as possible. The HARQ error indication includes the information related to the lost data, for examples, the process ID and the time-stamp associated with the instant when the new data indicator of the relevant TB was first received. The process ID information can be omitted in the case of synchronous HARQ as it is implicitly specified with SFN. The time-stamp can be associated with other tracking time instant in specified HARQ operation as well. The essential of this scheme is depicted in the following figure:
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Figure 1: Receiver-originated HARQ error detection and reporting
NOTE:
The entity denoted as C-ARQ is considered as a common ARQ control entity inside MAC which is responsible for generating the HARQ error indication in form of a MAC control-type PDU (C-PDU) in the receiver and interpreting it in the transmitter. The transmitter-side C-ARQ then forwards the NACK to each corresponding ARQ entity. This C-ARQ, however, is introduced for modelling purposes.
Our proposal is different from that presented in [1] [2] in the following aspects:

· HARQ error indication is sent in form of a MAC C-PDU, not piggybacked in a MAC PDU as suggested in [2]. Using C-PDU ensures adequate reliability in sending the control message and also simplicity in processing it;
· The additional 1-bit cause, as proposed in [1] [2] for the transmitter to indicate the cause of the previous HARQ termination and sent along with control information associated to each HARQ transmission, may not be needed. It is noticed that using such 1-bit cause can help enhancing correctness of the HARQ error detection to some extent but not error-recovery capability. This, however, is not of significance given that the HARQ error detection is still not fully proved as pointed out in Section 2 and whether it has any gain in reducing protocol overhead for HARQ error indication is negligible.
4
Conclusions

It is proposed to include the text of Section 3.1 in TR 25.813 Section 6.4.

References

[1] R2-060374, MAC functions: ARQ, Samsung.
[2] R2-060376, Robustness of HARQ assisted ARQ operation, Samsung.
[3] 3GPP TR 25.813, E-UTRA and E-UTRAN: Radio Interface Protocol Aspects.
