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1.  Introduction
This document analyzes the positive acknowledgement feedback that was suggested in some previous contributions [1-4] for LTE.
2. Discussion
2.1 Review of Release 6 RLC
In Release 6, positive RLC acknowledgements are fed back from the receiving RLC entity to the transmitting RLC entity using STATUS PDUs. Then, the transmitting RLC entity advances the transmission window accordingly.
The following triggers can be configured for the receiving RLC entity to feedback a STATUS PDU:

(1) poll request from the transmitting RLC entity

(2) detection of missing RLC PDUs at the receiver

(3) expiry of Timer_Status_Periodic

Furthermore, the following triggers can be configured for the transmitting RLC entity to indicate a poll request:

(1) transmission of last RLC PDU in the buffer

(2) transmission of last RLC PDU in the retransmission buffer

(3) expiry of Timer_Poll after transmission of a poll request

(4) transmission of Poll_PDU RLC PDUs

(5) transmission of Poll_SDU RLC SDUs

(6) window size exceeds Poll_Window

(7) expiry of Timer_Poll_Periodic

Related to the STATUS PDU feedback and poll request, the following timers can also be configured:

(1) Timer_Status_Prohibit to limit excessive STATUS PDU feedbacks

(2) Timer_Poll_Prohibit to limit excessive poll requests
2.2 Proposal in [1-4] for LTE
In [1-4], it was suggested to utilize the HARQ ACK and a timer as the positive acknowledgement for LTE RLC. The basic principle of this mechanism is as follows:

Step 1

Transmitting entity starts a timer in accordance with a HARQ ACK reception for a corresponding RLC PDU

Step 2a

If the transmitting entity receives a retransmission request for this RLC PDU, it stops the timer, detects that a false HARQ ACK has occurred and retransmits the RLC PDU

Step 2b

If the transmitting entity does not receive a retransmission request for this RLC PDU before the timer expires, positive acknowledgement for the RLC PDU is confirmed

With this approach, positive acknowledgment feedback for RLC PDUs from the receiving entity will not be required as long as there are successive data, and the RLC protocol could be simplified. The case for the last data may need different handling, but even then, only the following maybe necessary regarding positive acknowledgement for RLC:

Triggers for the receiving entity to feedback a positive acknowledgement for RLC:
(1) poll request from the transmitting RLC entity

(2) detection of missing RLC PDUs at the receiver

Triggers for the transmitting entity to indicate a poll request:

(1) transmission of last RLC PDU in the buffer

(2) expiry of Timer_Poll after transmission of a poll request

Other timers required:

(1) timer to confirm positive acknowledgement of RLC PDUs


Note that the detection at the receiving entity of residual HARQ errors due to false HARQ ACKs could be performed either at MAC or RLC, but this is a separate issue.

2.3 Issue for the proposal in [1-4]

With the mechanism suggested in [1-4] outlined in section above, the loss of a retransmission request could be a concern. When a retransmission request from the receiver is lost, the transmitting entity will erroneously confirm a positive acknowledgement for an RLC PDU when the timer expires, and the packet will be lost within the RAN. This probability can be depictd as follows:

Pr[packet loss] = Pr[residual HARQ error on data link]*Pr[retransmission request loss on opposite link]

Assuming that the retransmission request is transmitted as a control PDU, this probability becomes as follows:

Pr[packet loss] = Pr[residual HARQ error on data link]*Pr[residual HARQ error on opposite link]

If the residual HARQ error rate in both the uplink and the downlink is less than or equal to 10^-3, the probability of packet loss within the RAN due to the loss of retransmission request is less than or equal to 10^-6. It is thought that such packet loss probabilities are tolerable, but this should be discussed in RAN2.

3. Conclusion
It is thought that by utilizing HARQ ACK and a timer as positive acknowledgements for LTE RLC can simplify the RLC protocol. A concern regarding this approach related to the loss of retransmission request was identified, but is thought not to be critical. RAN2 is requested to discuss whether such an approach can be adopted.
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