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1. Introduction
In LTE, the HARQ introduces out of sequence due to processes finishing earlier than another, it is necessary to reorder the incoming RLC PDUs before reassembling them into RLC SDUs.

In this contribution we introduce the problem with reordering and proposed a mechanism to solve it.

2. Discussion

2.1. What is the problem?
In order to operate a reordering mechanism in RLC, it needs to buffer all RLC PDUs that are received out of order while waiting for the gaps to be filled, during which time RLC needs to distinguish between delayed PDUs (due to an HARQ entity which is still retransmitting) and genuine gaps in the sequence number. RLC should only send RLC NACKs to request the latter to be retransmitted.

The following section talks about some potential mechanisms to trigger RLC NACKing.
2.2. Proposed Mechanisms
2.2.1. Timer approach
A simple way to distinguish between both situations is to wait for a predefined timer to expire. If the gap is not filled after the timer expires, the PDU was lost and we can send a NACK.
The value of this timer is easy to set if HARQ is synchronous, indeed if the gap is not filled after MAX_HARQ_RETX*HARQ_RTT the PDU has been lost.

In case of asynchronous HARQ, this timer is harder to set because the maximum HARQ delay is not bounded (due to variable scheduling delay between retransmissions). A stop gap timer can still be set to cover most retransmission scenarios and which can be used by the eNode B to know if an HARQ PDU is worth retransmitting or not.

In either synchronous or asynchronous case, the timer value may be capped by the maximum delay the PDU can tolerate.

Also, if the transmitter is performing local NACK between HARQ and ARQ, the timer value would need to be set even larger to account for automatic ARQ retransmission triggered by HARQ status report. 

Those mechanisms would provide similar performance as the reordering layer defined today in HSDPA and can serve as stop gap measures. Faster mechanisms can be implemented as explained in the next section.
2.2.2. Local Fast gap detection

The simple time approach would work but the problem is the timer value may need to be set to a large value to account for the worst case scenario. If the timer is set too short, it’s likely the receiver would prematurely declare a PDU loss and hence sending unnecessary NACKs. On the other hand, if the timer is set too long, the receiver will introduce unnecessary delay to trigger the PDU retransmission.

The question is if there’s a faster way for the receiver to detect a PDU loss before the timer expires so as to minimize the delay. We propose a scheme here as illustrated in Figure 2‑1. Here we assume that this RLC function has access to the HARQ information. Since in both the UL and the DL, RLC and HARQ are located on the same node, it should not be a problem.

We will focus on DL here. Note that this solution performs the gap detection locally at the UE and it does not need any extra overhead carried over-the-air.

We know that a gap in the RLC incoming PDUs result of an HARQ process abort (either because it reaches the maximum number of retransmissions, because of a Nack->Ack misdetection or because the scheduler decides to abort a transmission).
Therefore when a gap is first detected the RLC entity must keep a close look at all HARQ instances between the HARQ carrying the left edge of the gap and the HARQ entity carrying the right edge of the gap (as illustrated in Figure 2‑1). 
After each of the HARQ entities in between has started carrying new data, RLC knows the gap corresponds to a missing PDU.
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Figure 2‑1: RLC PDU Reordering

As we can follow from the example above:

· At time 6, RLC entity A detects a gap which can either come from HARQ entity 3 or 4. Indeed, there was no transmission during HARQ entity 2
 and HARQ entity 5 only carried data for RLC entity B. 
· At time 9, RLC entity A knows that the missing PDUs have to be in HARQ entity 3 because HARQ entity 4 was finally receive and happened to carry only data for RLC entity B.

· At time 13, RLC entity A can transmit a NACK fro PDUs 6 and 7 because HARQ entity 3 was aborted and new data was transmitted.
Proposal 1: For DL traffic, the eNodeB configures a timer value for the UE RLC receiver. When the timer expires, the UE shall NACK all the missing PDUs associated with the gap. However, the standard should allow the UE to NACK those missing PDUs associated with the gap if the UE is capable of detecting the PDU loss with reasonable confidence before the timer expires. This way, for a UE that uses local fast gap detection, the UE could NACK faster.

Proposal 2: For DL traffic, the eNodeB informs the UE whether the eNodeB is performing local NACKing between HARQ and ARQ. If it does, the UE shall use the timer alone and shall not NACK the missing PDUs before the timer expires. If it does not, the UE is free to NACK before the timer expires. The reason is that local fast gap detection does not work with local NACKing (local NACKing makes it impossible for the receiver to deduce whether the PDU is genuinely lost or being retransmitted by HARQ for the second round based on the local NACKing).
Proposal 3: For UL traffic, the UE indicates whether it is capable of local NACKing between HARQ and ARQ. The eNode B then configures the UE to perform or not perform local NACKing during call setup, and adapts its RLC loss detection scheme accordingly.

3. Conclusion
In this contribution we have explained that there are ways to help RLC detect genuine PDU loss and we proposed a structure to take advantage of better PDU loss detection when appropriate.





















� 	To cover the case that HARQ entity 2 was indeed transmitted but the UE did not detect it, we could add a timer associated with HARQ entity 2. When the timer expires, the UE could be sure that HARQ entity 2 was indeed inactive.
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