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1.
Introduction
In the last plenary, it was decided that ARQ operation is in the eNB. And basic MAC architecture was also agreed in the last RAN2 meeting in Denver.

Still, it is not clear how ARQ should be performed. In this document, we discuss on the ARQ mechanism. 
2.
Discussion
2.1 Implicit ARQ
Unlike AM RLC of R6, which does not have so much information about HARQ status in MAC layer, ARQ layer can work in optimized way when ARQ and HARQ are included in the same MAC entity and share information. So, there were some proposals for the optimization as in [1], [2]. Following events can be considered for implicit ARQ reporting.

Event 1: Failure of Maximum Number of HARQ Retransmission:
This event is used at transmitting side. When transmitter receives HARQ NACK for the last trial of HARQ retransmission for a MAC PDU, this event can be used to trigger ARQ level retransmission. Accordingly, ARQ level MAC PDU retransmission occurs faster than the case when the ARQ level retransmission is triggered by Status Report from peer entity.

But this should be considered carefully. It’s because automatic ARQ level retransmission can cause unnecessary transmission if the received HARQ NACK for the final retransmission is caused by misinterpretation of HARQ ACK. In this case, if transmitter re-transmits the MAC PDU though the receiver received it correctly, this will leads to waste of radio resource.
Also considering that ARQ is agreed in RAN2 because reliability of HARQ is not enough, ARQ based on the ACK/NACK is not desirable. 

Thus maximum number of HARQ retransmission failure event should not be used as a criterion for trigger of automatic ARQ level retransmission.

Event 2: Detection of new MAC PDU Transmission in Case of NACK Transmission 

This event is used at receiving side for ARQ. Specifically, this event occurs when the HARQ process did not reach maximum number of retransmission and the receiving side transmitted HARQ NACK for the last HARQ operation but the receiving side detects start of new MAC PDU transmission for the same HARQ process. This situation can be used to trigger ARQ status reporting. Because the receiving side know that gap is generated in the receiving buffer, the receiver can transmit Status Report immediately.

But the problem is that the receiving side does not know what kind of data was included in the missed MAC PDU. For example, if the MAC PDU was used to transport data for the VoIP service or streaming service, then ARQ will not be used for that transmission. Furthermore, if ARQ is performed per logical channel, then it’s ambiguous for which channel the receiver should transmit status report.

Also it’s unclear how the receiving side know the maximum number of HARQ retransmission for the concerned MAC PDU. And if new transmission is caused by pre-emption, then the status report by receiving side is not meaningful.

Accordingly, the NACK/ACK misinterpretation event should not be used as a criterion for the receiver to send Status Report without some other supporting mechanism.
With short TTI of 0.5ms and relatively low rate of HARQ error rate, the gain caused by implicit ARQ status reporting seems not convincing. And considering above concerns, explicit indication of missing MAC PDUs from receiving side to transmitting side as in WCDMA should be used also for LTE ARQ. 

Conclusion:

Explicit ARQ status reporting still is used for LTE. 
2.2 Simplification of ARQ

Though we agree that explicit ARQ status reporting should be used, the status reporting mechanism in R6 AM RLC is too complex. It’s better to simplify Status Reporting in LTE. Following points can be considered. 
SUFI in Control PDU
In R6, there are many different kinds of SUFIs for RLC AM. It seems that so much different kind of SUFI of R6 is not justified because the missing PDUs in layer 2 will be quite small compared to RLC in WCDMA. Having more than one type of SUFI for the same purpose causes more testing and implementation efforts and it seems to be rare case that one Status Report indicates more than one missing MAC PDU.
Reset and MRW Procedure

In WCDMA, causes for the occurrence of RESET or MRW procedure were out-of-sync security context or bad channel condition. In previous meeting, it was agreed that user plane ciphering is done in aGW. If space of sequence number used in PDCP by UE and aGW is big enough, then MAC entity needs not worry about the out-of-sync security even when several PDUs are lost. 
With fast link adaptation and fast resource scheduling by eNB, it seems that the condition for RESET or MRW is rarely met. Furthermore, when a MAC PDU fails a certain number of ARQ level retransmission, simple indication or simple window advancing mechanism seems to be enough. Or, parameter reconfiguration or handover at RRC level can be another solution. Accordingly, it is proposed not to adopt Reset and MRW procedure or to process this event at RRC level.
Periodic Timers

In RLC of WCDMA, there were several periodic times like Timer_Poll_Prohibit, Timer_Poll_Periodic, Timer_Status_Prohibit, and Timer_Status_Periodic. These timers are used to guarantee missing PDUs or missing Status PDUs are received in peer entity.
But, for example, if the transmission timing of each status report can be known to the peer entity, then multiple reception of status report within round trip time will not automatically cause transmission of PDU more than necessary. Furthermore, as shown in [2], if the correct setting of timer is not done, the overall performance will be degraded. Thus, we need to re-examine the usability of these periodic timers.
Conclusion:

- Options used for ARQ information presentation is minimized

- ARQ simply process ACK/NACK information. Erroneous situation is handled in upper layer. 
2.3 Additional point
Because ARQ entity is located where radio resource is controlled, it is possible to use fast radio resource for ARQ purpose. In fact, L1/L2 control information is quite robust and fast. Thus ARQ mechanism using this L1/L2 control information can be one approach to enhance ARQ performance. This will be quite beneficial at least for signalling message. Following examples can be thought as a starting point.
In the past, there were some proposals to correct a problem with regard to the “LAST PDU in the BUFFER” in R6. The problem occurs when the transmitting side transmit the last PDU in the buffer with polling bit but this PDU is lost over the air resulting long delay. One solution to solve this problem is to use L1/L2 control information. I.e., L1/L2 control information includes information like polling bit. 

Or, receiving side can use L1/L2 information to tell about whether there is any missing MAC PDU or not within current receiving window or recent frames. Using this information, the transmitting side can estimate the TTI in which the HARQ transmission has failed. Then the transmitting side can immediately start ARQ level re-transmission for the data included in that TTI without receiving status report from MAC of receiving side.
Though L1/L2 control information content and delivery mechanism is not clear at this moment in RAN, it is clear that ARQ entity is located on the node where fast radio control occurs and L1/L2 control information is sent. Thus it is proposed to further investigate whether it is beneficial to include ARQ information in lower layer or not.
Conclusion:

Consider and further investigate of inclusion of ARQ information into L1/L2 control information. 
3.
Proposal
It is proposed to discuss and agree conclusions in each above sections.
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