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1.
Introduction
In this document, we discuss more on the ARQ functionality. 
2.
Discussion
2.1 HARQ/ARQ interaction
Following can be found in the section 6.3 of 25.813. 

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 it is FFS if the relevant transmitting ARQ entities are notified;

-
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 receiver is able to detect TB transmission failure it is FFS if the receiving ARQ entities are notified.
In this section, we take a close look at some example of possible HARQ/ARQ interaction. 
Event 1: Detection of failed delivery of a TB by HARQ TX side:
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Fig 1 Indication of local TX failure (Normal case: N is Max Number of retransmission)
This event 1 is used at the transmitting side. As shown in above figure 1, when transmitter receives HARQ NACK for the final trial of HARQ retransmission for a MAC PDU, this event can be used to trigger ARQ level automatic retransmission. Accordingly, ARQ level RLC PDU retransmission occurs earlier than the case when the ARQ level retransmission is triggered by Status Report from peer entity. 
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Fig 2 Indication of local TX failure (Error case: ACK-to-NACK. N is the max number of retransmission)
But, for this event to be useful, HARQ transmitter’s detection of this event should be reliable. It means that the ACK-to-NACK error ratio should be low enough. In fact, reaching the maximum allowed number of retransmission may mean that channel condition is not favourable. Though it is generally assumed that the target error ratio of ACK/NACK is designed to be low, the probability of ACK-to-NACK error at final retransmission should be considered. Anyway, if ACK-to-NACK error occurs, the ARQ level retransmission caused by TX failure indication as shown in figure 2 will lead to waste of radio resource.
In fact, event 1 will not be the only available information at transmitting side. Though this kind of interaction like even 1 is helpful, if complementary mechanism should be used to confirm TX failure detection, TX failure detection mechanism using event 1 is less attractive. Anyway Status Report will be used. Furthermore due to shorter TTI, Status Report also can be delivered to the transmitting side fast. Thus, the decision whether to use the event 1 or not and what to do with the information should be left to ARQ implementation. This may be UE or Node-b internal behaviour.
Conclusion: 
HARQ transmitter can notify the detection of failed delivery to each relevant ARQ TX entity. How the notified entity will use this event should be left to implementation. 
Event 2: Detection of NACK to ACK error by HARQ RX side: 
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Fig 3 Indication of local RX failure (Normal case: N is Max Number of retransmission and L < N.)
Fig 3 shows the scenario of event 2. This event is detected at HARQ receiving side. Specifically, this event occurs when the HARQ receiver detects new HARQ transmission for a HARQ process. When this event is detected, the receiving side send failure indication to transmitting side. Transmitting side can use this indication to restart ARQ level retransmission for the concerned MAC PDU.

But, because the HARQ receiver can not know what is included in the MAC PDU until it successfully decodes the MAC PDU, it does not know the maximum number of allowed HARQ retransmission for the ongoing HARQ process. For example, the maximum number of retransmission for TCP may be different from the maximum number of retransmission for SRB traffic. Thus the only way for the HARQ receiver to know the occurrence of NACK to ACK error is when the HARQ receiver detects that new transmission has started for a HARQ process after it has sent NACK for the latest HARQ reception of the process. Eventually, detection of NACK to ACK error can be called detection of new data transmission. 

At first look, reception failure indication as shown in figure 3 seems beneficial. But care should be given to this detection of new data transmission.
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Fig 4 Indication of local RX failure (Error case: N is Max Num of retransmission.)
Due to the fact that HARQ receiver does not know the maximum number of retransmission for the HARQ process, the HARQ receiver can not discriminate the case where NACK is misinterpreted as ACK and the case where the HARQ retransmission has reached the allowed maximum number of retransmission. I.e, the HARQ receiver can not discriminate the case of Fig 3 and the case of Fig.4. The indication of RX failure in Fig 4 is useless because this is already known in transmitter by event 1, if event 1 is used by transmitter. Thus the resource for RX failure indication is just wasted.
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Fig 5. Indication of local RX failure (Error case: UM data does not require ARQ)
In addition, the HARQ receiver does not know whether the data in the HARQ process needs ARQ level retransmission or not. If the HARQ receiver transmits reception failure indication as shown in Fig 5 for the traffic which does not require ARQ such as VoIP data or streaming data, radio resource used for the reporting such as RX failure indication is just wasted. It’s because the transmitting side will not re-transmit the concerned MAC PDU.
For example, the VoIP service or streaming service does not require ARQ level re-transmission. Then, it will be meaningless for the HARQ receiver to report this type of event 2 to the transmitting side. In fact, there should be no feedback for a data of UM mode. Unless, there will be no meaning to define UM mode operation separately from AM mode. Also the case when pre-emption is used for a process should be considered. The transmitting side may not want to receive feedback from HARQ receiver for the pre-empted data. 
The cost of radio resource for the feedback should be considered, too. The minimum size of resource also should be considered compared to the size of RX failure indication. This problem will be more severe in case of traffic is concentrated on either downlink or uplink. 
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Fig 6. Indication of local RX failure (To which RLC Indication should be sent is unknown)
Furthermore, the HARQ receiver can not report this event to ARQ receiver as shown in above figure 6. As said earlier, the HARQ receiver does not know what kind of data was included in the failed HARQ process. Accordingly, it does not know which logical channel or which ARQ entity should be notified of the event.
Conclusion: 
Detection of new data transmission by HARQ receiver, i.e. HARQ reception failure indication is not notified to other entities. 
In previous meetings, some contributions proposed to send immediate feedback from receiving side to transmitting side. This feedback is different from ACK/NACK over physical channel. Even though the feedback is generated by HARQ entity, there will be not so much difference from conventional ARQ feedback. It’s because both feedback information have to be delivered over L2 signalling. Frequent use of radio resource block for one-shot NACK indication in layer 2 will be waste of resource. 
Furthermore in extreme case, we can not rule the occurrence of HARQ NACK indication for the HARQ NACK indication. For example, in some cases HARQ feedback causes propagation of HARQ feedback. Following figure shows the situation. In this figure, side B transmits HARQ failure indication using L2 signalling after detection of HARQ failure situation. If the channel condition is not good, then the HARQ failure indication also may not be successfully received by side A. Then side A also may trigger the HARQ Failure indication because it does not know the contents of the concerned PDU.  
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Fig 7. HARQ failure indication for the HARQ failure indication
Overall, interaction of HARQ and ARQ without knowing the actual contents of concerned PDU seems not desirable.

In fact, if we can not completely remove non-HARQ assisted ARQ in RLC, having two types of ARQ feedback does not bring so much benefit. Thus it seems preferable to limit HARQ and ARQ interaction and use simplified ARQ status reporting which is not HARQ assisted.
Conclusion: 
Design ARQ mechanism not dependent on HARQ.

2.2 Simplification of ARQ

In the section 6.2 of 25.813, following can be found.

-
ARQ retransmissions are based on:

-
RLC status reports (FFS);

-
HARQ/ARQ interactions (see subclause 6.3).

-
The RLC transmitter can invoke a discard procedure (FFS);

-
The RLC can invoke a reset procedure (FFS).

In fact, these bullets are describing the mechanisms used in Rel-6 AM RLC. Though we agree that many functionality of Rel-6 AM RLC can be used also in RLC of LTE, the status reporting mechanism in R6 AM RLC is too complex. It seems to be better to adopt only essential functionality in LTE. Following points can be considered. 
Reset Procedure

In WCDMA, causes for the occurrence of RESET procedure were out-of-sync security context or bad channel condition. Because security layer is above RLC, there is no need to consider out-of-sync security in RLC. Thus the possible cause for reset is just bad channel condition. I.e., if the transmitter does not receive acknowledgment after several retransmissions, the RLC will trigger RESET. 
With fast link adaptation and fast resource scheduling by eNB and with HARQ, it seems to be very rare case that a RLC PDU fails a number of ARQ level retransmission. And if that situation really occurs, then it may be due to irrelevant configuration of radio parameter like HARQ parameter, timing, priority setting, etc. In this case, parameter reconfiguration or handover at RRC level can be the right choice than using RESET procedure which just performs RLC context initialization. Actually, CELL UPDATE procedure was used in WCDMA to handle unrecoverable RLC error. Accordingly, it is proposed not to adopt RESET procedure and use RRC procedure to handle abnormal situation.
Discard Procedure
In R6, PDCP entity did not used explicit sequence number. Thus RLC entity has to provide robust sequence number management. Thus when configured, RLC has to provide discarded SDU information to PDCP and this is the use case of MRW procedure.
But in LTE, PDCP entity has its own sequence number because of ciphering. Thus there is no need for the RLC entity to exchange discard information. If each logical channel will be configured with maximum allowed delay value, there will be no stall avoidance situation due to the discarded or missing data. Window advance mechanism by new highest SN and timer mechanism seems to be enough.
Conclusion:

- ARQ simply process ACK/NACK information. Erroneous situation is handled in upper layer. Discard and Reset procedure is not used in RLC. 
2.3 Operation of ARQ and HARQ 
To increase throughput, HSxPA adopted N channel SAW mechanism. This is also used in LTE. Each process in N channel SAW may experience different radio condition. In other words, a process which started first does not always terminates first. Thus re-ordering mechanism is needed to correct the jitter caused by N-channel SAW using re-ordering buffer.

On the other hand, ARQ mechanism also needs buffer. Until all the PDU for one SDU arrives successfully in the receiving side, all the segments of the SDU have to be stored in the receiving buffer. In this case, the gap in receiving buffer is similar to the gap of the N-channel SAW. Then re-ordering buffer and receiving buffer can be considered jointly in one entity. 

In other words, as soon as MAC PDU is received successfully, the MAC PDU is disassembled into RLC PDUs and each RLC PDU is delivered to appropriate RLC entity. Then the RLC PDU is stored in the receiving buffer of each RB. Normally, if a missing sequence is detected in the receiving buffer, the receiving side should report this to the transmitting side. But due to the possibility of jitter caused by HARQ, timer should be used before declaring a gap. This can be considered as similar to T1 timer in HSDPA. Following figure 8 shows the proposed operation.
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Fig 8. GAP Detection  

This is some brief description regarding Figure 8. At time ①, ARQ entity receives PDU 3 from HARQ. But because PDU 2 is missing, the receiving side start HARQ_Jitter timer to ensure that the gap is not caused by HARQ N channel SAW mechanism. At time ② which is before the timer expiry, the ARQ receives PDU 2. Thus the timer stops. The situation at ③ is similar to the situation at ①. But until time ④ which is the time of the timer expiry, the ARQ could not receive the PDU 6. At this point ④, the receiving side declares that PDU 6 is missing and reports NACK for the PDU 6 when it sends next status report.
Basically, ARQ can be operated with timer and window. In transmitting side, timer is started for each SDU as soon as the SDU is received from upper layer. The timer value defines the maximum delay that RLC can have for the SDU. So when the timer expires and the transmitting side does not received acknowledgement for the SDU, then TX side just discards the SDU to prevent stall situation. In receiving side, similar timer is used to prevent a successfully received RLC SDU from waiting endlessly for lower number RLC SDU in the receiving buffer. And if receiving side receives sequence number beyond current receiving window, then boundary of window is adjusted accordingly. In short, the window is advanced both by timer and by sequence number.
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 Fig 9. ARQ Operation  

Figure 9 shows the operation of ARQ and following is the description. Because the successful case is straight-forward, non-acknowledged case is shown. 
At  eq \o\ac(○,0) and ①, SDU 1 and SDU 2 arrive at the transmitting side and discard_timers are started for each SDU. Discard timer defines the maximum delay allowed in the ARQ entity for the SDUs. 
At ②, receiving side receives PDU 3 and detects that PDU 2 is not yet received. To confirm whether it was caused by HARQ or not, the RX side starts HARQ_Jitter timer. 
At ③, HARQ_Jitter timer expires, the RX side reports NACK for PDU 2. At the same time, periodic timer such as Timer_status_periodic is started. 
At ④, the transmitting side receives status report. Because discard_timer for SDU 1 has not expired yet, the transmitting side re-transmit PDU 2, which is part of SDU 1. 
At ⑤, discard timer for SDU 1 expires, SDU 1 is removed in the TX side. 
At ⑥, periodic timer for PDU 2 expires and because the receiving side has not received PDU 2, RX retransmits status report for PDU 2. 
At ⑦, the transmitting side receive status report. But because SDU 1 is already discarded, it will not transmit PDU 2. 
At ⑧, release timer for SDU 2 expires. Release timer is started as soon as a successfully reassembled SDU can not be delivered to upper layer due to missing lower-numbered SDU. This timer is similar to T1 of HSDPA. So, st ⑧, receiving side transfers the SDU 2 to upper layer. All the lower numbered SDU and related PDU are not expected any more. At the same time, because there is no need to request PDU 2, periodic timer is stopped. 
ARQ operation in figure 9 is NACK based system. This NACK based system is simple when there is continuous flow. But intermittent short packet or last PDU has to be treated differently. In that case, ACK should be sent from receiving side to transmitting side. But because receiving side does not know whether a PDU is last PDU or one-shot packet, transmitting side has to explicitly request ACK for the PDU. One simple solution for this is using polling bit included in the PDU. Or, for fast recovery, L1/L2 control information can include polling bit. So whenever a receiving side finds polling bit, then it should send ACK or status PDU as soon as possible. If the transmitting side could not detect within certain amount of time the status PDU or ACK for the PDU, the transmitting side should perform re-transmission.
Conclusion:

Consider ARQ mechanism shown above as starting point. 
2.4 ARQ Information

To fill the gap in the received data, the receiving side of RLC has to send information regarding the gap to the transmitting side. This poses the question on how to express the gaps in the receiving side and how to deliver the gap information to the transmitting side. 

Following shows sequence number based reporting. In the figure, by examining the sequence number of received PDUs, the receiving side can identify the PDUs for which it should request retransmission. In this example, because receiver detects that RLC PDU is missing, it reports to the transmitting side as such.
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 Fig 2 Sequence Number based Reporting
Another mechanism that can be used is offset based reporting. In offset based reporting, each PDU is expressed in terms of length and the offset from the start of the related SDU. Accordingly, also the receiver identifies missing part of the SDU by telling starting offset and length within the SDU. In case multiple parts of one SDU are missing, then not only the expression of the gaps becomes complex, but also the amount of information will be huge.

Thus to express ARQ information, RLC specific sequence number that is attached to each RLC PDU should be used. This eventually requires that each RLC PDU has sequence number.
Conclusion: 
RLC specific sequence number is used for ARQ report.
3.
Proposal
It is proposed to discuss conclusions in each section above. If agreement is made in RAN2, LG is happy to provide further CRs.
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