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1 Introduction

It was specified in [1] that E-UTRAN should support higher user data rates. As explained in [2], due to RLC limitation, a larger window size, a shorter RTT, and a shorter status prohibit timer (SPT) are necessary for achieving it. However, it is expensive to enable UEs supporting large window size. A shorter SPT is still more impracticable due to the high consumption of wireless resources. Tight HARQ and ARQ interactions may be a candidate solution of this problem. This contribution presents our views on the problem and our proposals on HARQ-ARQ interaction for E-UTRAN.
2 Discussion
2.1 RLC Limitation

Traditionally, RLC Tx and Rx windows are used for flow control and in-sequence delivery between RLC transmitters and RLC receivers. Unacknowledged and out-of-sequence RLC PDUs are stored in Tx and Rx windows respectively. A RLC transmitter is not allowed to send RLC PDUs with sequence numbers beyond its Tx window upper edge, and the Tx window moves forward when the PDU in the lower edge is acknowledged from the RLC receiver. RLC PDUs that have sequence numbers within the window can be retransmitted. The size of windows will depend upon UE capability and sequence number range. Based on this, if there are no errors on the physical layer, the maximum throughput would be limited to Tx_window_size/RTT, where RTT is the round trip time of RLC PDUs perceived by the Tx window. If the ACKs are delayed as is the case for RLC with the use of the status prohibit timer (SPT), then the maximum throughput would be limited to Tx_window_size/(RTT+SPT). For example, if the peak user data rate is 100Mbit/s and the sum of RTT and SPT is 200ms, the size of Tx window should be more than 20Mbits. It is greatly larger than the maximum size of Tx window in legacy system. On the other hand, if the maximum size of Tx window is 4Mbits, the sum of RTT and SPT should be less than 40ms. It is still more impracticable due to the high consumption of wireless resources. Note that the assumption of no errors on the physical layer is made. The following simulation results showed the requirements (window size or RTT+SPT) when the BLER are 10-2, 10-3 and 10-4, respectively.
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According to Figure 1, when the BLER is not more than 10-3, the Tx_window_size of 36Mbits is required for achieving the peak user data rate of 100Mbit/s. On the other hand, assume that the RTT is 20ms. Figure 2 showed that the SPT must be less than 1ms even if the BLER is not more than 10-3. It is a trade-off between hardware cost and feedback overhead. Even so, it is still difficult to enable UEs supporting large window size or report ARQ status frequently.
2.2 HARQ-ARQ Interactions

With the collocation of the ARQ and HARQ functions in eNB, there have been a number of proposals made for HARQ assisted ARQ mechanisms, e.g., [3-5]. In HARQ assisted ARQ, the basic idea is to have the transmitting node utilize HARQ ACK/NACK feedback to generate Local ACK/NACK to the transmitting ARQ entity(ies). Since the Local ACK/NACK mechanism can provide RLC feedback every TTI, it can minimize the SPT without consuming extra wireless resources. 
However, unreliable HARQ feedbacks will cause irrecoverable packet loss and serious TCP performance degradation. As shown in [6], a mere 10-4 NACK→ACK error can cause more than 3% loss in TCP throughput when ARQ retransmissions are purely based on HARQ feedbacks. Hence, ARQ must be able to retransmit the lost packets caused by unreliable HARQ feedbacks. The detection of unreliable HARQ feedbacks can rely on HARQ receivers or remain to ARQ layer. They introduce different RTTs perceived by RLC. The proposals of [7] and [8] recommended to remove HARQ-ARQ interaction at the receiving side because of additional control signal overhead and no clear performance gain. Even so, [4] and [6] have opposite views on the question because HARQ level detection is always faster than ARQ level detection.
In point of RLC limitation, the maximum RTT that RLC can tolerate should be investigated before making the decision of this question. If the RTT produced by ARQ level detection is tolerable by RLC, the detection of unreliable HARQ feedbacks can remain to ARQ layer. In this case, in order to provide RLC feedback every TTI (i.e., minimize the SPT) without consuming extra wireless resource, each RLC PDU can be associated with a timer for advancing Tx windows and ARQ status reporting can utilize event-triggered reporting. Otherwise, if the RTT produced by ARQ level detection cannot be reduced to less than the maximum RTT that RLC can tolerate, an alternative scheme is required. At the moment, since the feasibility of HARQ-ARQ interaction at the receiving side is not clear, the question is left FFS. In Figure 3, simulation results showed the upper bound of RTT when the Tx_window_size and SPT are 4Mbits and 1ms, respectively. 
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Figure 3: Throughput with different RTT and different BLER
3 Conclusions
It is undesirable to have high hardware cost or high wireless resource consumption for achieving higher user data rates. Tight HARQ and ARQ interactions may be a solution of this problem. We propose to agree on the following text proposal to be included in ‎[9].
4 Text Proposal
9.3
HARQ/ARQ interactions

In HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception status of a TB e.g.:

-
If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit is reached the relevant transmitting ARQ entities are notified and potential retransmissions and re-segmentation can be initiated;

-
If the HARQ receiver is able to detect a NACK to ACK error it is FFS if the relevant transmitting ARQ entities are notified via explicit signalling;
-
If the HARQ transmitter detects a successful delivery of a TB due to e.g. no explicit signalling from the HARQ receiver is received during a predefined time period, it is FFS if the relevant transmitting ARQ entities are notified;
-
If the HARQ receiver is able to detect TB transmission failure it is FFS if the receiving ARQ entities are notified.
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Figure 2: Throughput with different SPT and different BLER





Figure � SEQ Figure \* ARABIC �1�: Throughput with different Tx_window_size and different BLER
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