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1. Introduction
When HARQ was introduced in HSDPA and HSUPA, there was an assumption that it should not impact the RLC entity which has been designed with the assumption that as soon as a gap is discovered in the incoming PDUs, a retransmission should be requested.
Since HARQ introduces out of sequence due to processes finishing earlier than another, it was necessary to reorder the incoming MAC-hs and MAC-es PDUs before forwarding them to their respective RLC entities.
For LTE however we can take advantage of the fact that RLC will have to be modified and both RLC and HARQ are located in the same node to design an RLC that can handle reception of out of sequence HARQ PDUs.
In section of this contribution we motivate why it would be beneficial to support this mechanism in RLC and propose some simple solutions.

2. Discussion

2.1. Why let RLC handle out-of-sequence?
In general, it would be better if RLC could be made simpler and had to handle less functions, however there is no free lunch. If we design RLC with the assumption that PDUs will arrive in sequence, another entity will have to make sure this assumption is correct. Before HARQ was introduced, this assumption came for free but in HSDPA and HSUPA, a reordering layer had to be introduced. 

In the following subsections we describe the advantages of letting RLC handle the out-of-sequence PDUs rather than designing a MAC entity that would handle it

2.1.1. Ahead of Queue blocking

If logical channels are mapped together in a single HARQ process and we need to reorder HARQ PDUs before disassembling them and forwarding the RLC PDUs to their respective RLC receiver entities, a single error in HARQ will delay all the logical channels multiplexed inside. 
This problem was partly addressed in HSDPA with the introduction of reordering queues and in HSUPA where reordering is done per logical channel however this comes at the cost of overhead in the MAC entity, which is described in the following subsection.
2.1.2. TSN Overhead

As we mentioned above, it is possible to reduce the ahead of queue blocking problem or even eradicate it with the introduction of additional sequence numbers (called TSN in HSPA).

These sequence numbers need to be transmitted over the air and as thus added to the overhead. The additional 6 bits of the TSN are not significant if we consider high data rate however it is also present when small payloads such as VoIP need to be transmitted.

In case of a 12.2kbps NB-AMR payload of ~300 bits, the overhead represents 2%. It is not an outrageous value but it would be beneficial to forgo this overhead if it is redundant.
Indeed, RLC already has a sequence number thus if we perform reordering of HARQ PDUs per logical channel to avoid the ahead of queue blocking problem as was done in HSUPA, the TSN becomes redundant.

2.1.3. Operation of Windowing mechanism

In order to operate a reordering mechanism (below RLC) as it is the case in HSDPA and HSUPA, the system needs to choose a window length and a timer (assuming an HSDPA like operation).
The choice of these parameters need to be based on the average expected number of HARQ retransmissions for each RLC entity and should not be changed dynamically. However if we allow the scheduler to mix flows with different QoS in the same MAC PDU (to reduce padding for example) the reordering entity might not operate with optimal performance. 
2.2. Proposed Mechanisms
Allowing RLC PDUs to be received out of sequence will impact RLC because it will now need to distinguish between delayed PDUs (due to an HARQ entity which is still retransmitting) and genuine gaps in the sequence number.

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. 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.

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

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.

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 ). 
After each of the HARQ entities in between have 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.
3. Conclusion
In this contribution we have explained that there is some benefit in supporting out of sequence reception in RLC rather than in MAC and provided simple mechanisms to distinguish between late PDUs and actual gaps.
We propose to add as an RLC function the handling of out of order PDUs.
We explore some alternatives to handle re-ordering in RLC.





















� 	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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