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1.  Introduction
In the past RAN2 meetings, several contributions have proposed to take advantage of the fact MAC and RLC sublayers reside in the same node (i.e. UE and eNB) in aim to improve the ARQ performance and simplify the ARQ protocol for LTE [1][2].
Assuming that such proposals are agreed for LTE, we made further studies on this issue in section 3.
2. Background
2.1 Review of the current RLC protocol
Figure 1 provides an overview of all the options involved in Rel-6 RLC status reporting.
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Figure 1 – Overview of all the options involved in Rel-6 RLC status reporting
There are a lot of triggers and timers involved in Rel-6 which leads to complex operation and difficult parameter optimization. For LTE, it is desired to simplify the ARQ protocol.
2.2 Review of the proposals in [1][2]
[1][2] propose to improve and simplify ARQ for LTE by allowing interaction between MAC and RLC at the transmitting side. The basic handling of NACK->ACK errors on HARQ-Ack and successful HARQ transmission proposed in [1][2] are illustrated in Figure 2.
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Figure 2 – Basic handling of NACK->ACK error and successful HARQ proposed in [1] and [2]
Handling of NACK->ACK error

As shown in Figure 2, when Rx MAC sees that the NDI has toggled on a HARQ process in which it previously sent a NACK, it detects that Tx MAC falsely detected an ACK. Upon this event, Rx MAC sends a “FAI” (False Ack Indication) to Tx MAC. Tx MAC then requests retransmission to Tx RLC, and Tx RLC retransmits the corresponding PDU (PDU with SN=X in Figure 2) in response.
Handling of successful HARQ

As shown in Figure 2, when Tx MAC detects an ACK for a HARQ transmission, it starts a timer. If it does not receive any FAI corresponding to that HARQ transmission before timer expiry, Tx MAC decides that the ACK was reliable and reports successful transmission to Tx RLC. Tx RLC then discards the corresponding PDU (PDU with SN=Z in Figure 2) from its retransmission buffer and advances its transmission window in response.
Benefits of the approach

With the described approach, there are the following benefits: (1) Faster detection of NACK->ACK error compared to Rel-6 due to the detection at Rx MAC instead of Rx RLC; (2) Simplified RLC compared to Rel-6 since RLC status reporting and corresponding RLC polling mechanisms to confirm successful reception of PDUs are no longer needed.
2.3 Issues that need further study with regards to the proposals in [1][2]

We think the benefits brought about by the proposals in [1][2] are quite nice. However, we think the following issues could be studied further:

1. Handling of the HARQ-Ack DTX->ACK error

2. Handling of the last PDU
3. Setting of the timer value (the timer used to check the reliability of HARQ-Ack ACK)
These questions are addressed in the next section.
3. Discussion on study points
3.1 Handling of the HARQ-Ack DTX->ACK error
When a DTX->ACK detection error at Tx MAC follows a control channel miss at Rx MAC on the first HARQ transmission, Rx MAC cannot detect this error by the next transmission on this HARQ process with a 1bit NDI. This is because the NDI will be toggled twice from the last HARQ transmission acknowledged by Rx MAC, and the new transmission would just appear as a HARQ retransmission at Rx MAC. This is illustrated in Figure 3.
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Figure 3 – Unsuccessful detection of DTX->ACK error with 1bit NDI
In order to handle this DTX->ACK error, a 2bit NDI could be used. With a 2bit NDI, even if NDI toggles once without Rx MAC noticing due to DTX->ACK error, Rx MAC can still detect the error upon the next HARQ transmission.

Another issue with the handling of DTX->ACK error is with the contents of FAI. In [2], it is proposed to indicate the frame number of the lost HARQ transmission on the FAI. However, with the DTX->ACK error case, Rx side does not know when the lost PDU was transmitted. In order to solve this issue, the FAI can indicate the frame number of the HARQ transmission upon which the Rx MAC detected the DTX/NACK->ACK error, instead of indicating the frame number of the actual HARQ transmission that was lost.

Figure 4 illustrates these ideas.
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Figure 4 – Possible handling of DTX->ACK error
With such handling of DTX-ACK errors, only 1 mechanism in handling both DTX->ACK and NACK->ACK errors will be required. 
3.2 Handling of the last PDU
Since the above mentioned DTX/NACK->ACK error detection of a PDU at Rx MAC relies on the transmission of the next PDU on the same HARQ process, DTX/NACK->ACK error which occurs on the last PDU cannot be detected.

In order to handle DTX/NACK->ACK error for the last PDU, Tx MAC can send dummy PDU when there are no more PDUs to transmit. It is thought that the probability of DTX/NACK->ACK error occurring on both the last PDU and this dummy PDU is very low. This idea is illustrated in Figure 5.
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Figure 5 – Handling of DTX/NACK->ACK error on the last PDU
With such handling of the last PDU, only 1 mechanism in handling both the last PDU and other PDUs will be required.

3.3 Setting of the timer value (the timer used to check the reliability of HARQ-Ack ACK)
In setting the value of this timer used to check the reliability of ACKs: (1) If the timer is too short, packet loss increases since the FAI might not reach Tx MAC in time; (2) If the timer is too long, stalling at RLC increases since it will take time for Tx RLC to advance the transmission window.
The time components between the time an ACK is detected at Tx MAC and the time a possible FAI is received by Tx MAC can be broken down as follows: (1) Scheduling delay of the next PDU on the same HARQ process; (2) Scheduling delay of the FAI in the feedback link; (3) Transmission time of the FAI. Since FAI should allocated with high priority to reduce RLC retransmission delays, delay component (2) could thought to be small. Since HARQ RTT is short for LTE, delay component (3) could also thought to be small. Delay component (1) can vary largely depending on the total number of UEs and the traffic load in the cell. However, if the timer is started only after transmission of the next PDU, this delay component does not have to be taken into account.
With the above analysis, it is thought that optimizing the value of this timer used to check the reliability of ACKs is not so difficult as long as the timer is started only after transmission of the next PDU. This is illustrated in Figure 6.
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Figure 6 – When the timer should be started
4. Conclusion
The proposals in [1][2] to have interaction between HARQ and ARQ in aim to improve the ARQ performance and simplify the ARQ protocol for LTE were further studied in this document. Through this study, it is concluded that this approach has potentials to drastically simplify the ARQ protocol for LTE. Compared to Figure 1 which shows all the options involved in Rel-6 status reporting, the ARQ protocol for LTE can be simplified as in the figure below.
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Figure – Possible simplification of ARQ for LTE with ARQ-HARQ interaction
It is recommended for RAN2 to consider adopting the ARQ mechanisms addressed in this document.
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