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1 Introduction

It has been agreed that RLC provides in-sequence delivery of upper layer PDUs except at HO in the uplink ‎[1]. The main reason why this functionality is needed is because HARQ and ARQ retransmissions lead to re-ordering of RLC PDUs.
This paper provides a proposal for RLC in-sequence delivery. In the next section we review how in-sequence delivery is handled for HSDPA. In section 3 we discuss the requirements for LTE for the in-sequence-delivery and describe a proposal for in-sequence delivery in LTE.
2 In-sequence delivery in HSDPA
In HSDPA, HARQ retransmissions introduce reordering of MAC-hs PDUs. Since the Rel6 RLC is designed in a way that it assumes that it receives RLC PDUs in the right order, in-sequence delivery functionality has been placed in the MAC-hs protocol.
In brief, the MAC-hs in-sequence delivery works as follows:

A Transmission Sequence Number (TSN) per MAC-hs PDU is used at the MAC-hs receiver to ensure that the PDU is inserted at the right place in the re-ordering queue. There exists a re-ordering queue for each MAC priority flow and TSNs are assigned accordingly per flow.

The T1 timer is started if a TSN higher than the next expected one is correctly received. This is typically caused by a HARQ retransmission that delayed the expected MAC-hs PDU.

If the expected MAC-hs PDU is received while the T1 timer is still running, the timer is stopped and the data is forwarded to the disassembly entity. 

If the T1 timer expires (i.e., the MAC-hs PDU has not been received in time), the re-ordering queue releases the already received MAC-hs PDUs to the disassembly entity. 

In addition to the timer-based mechanism that avoids stalling, there is also a window mechanism that avoids sequence number ambiguity in the receiver. For details see ‎[2].
3 Proposal for LTE
The architectural design of LTE is different from HSDPA, since RLC and MAC are terminated in the same nodes. In order to decrease the header overhead it was decided that MAC does not use a sequence number. As a consequence the re-ordering functionality has to use the RLC SN and is therefore placed in the RLC protocol.
It has been agreed that the LTE in-sequence delivery function has to deliver data packets in-order to the PDCP layer except during hand-over. The in-sequence delivery function passes RLC PDUs in sequence to the RLC SDU reassembly entity.

Potential reasons for re-ordering of RLC PDUs are HARQ retransmissions and failed HARQ transmissions leading to RLC retransmissions in case of AM. In RLC UM, residual HARQ failures lead to missing RLC PDUs. 

3.1 RLC AM

Since the in-sequence delivery function has to take both sources of re-ordering, HARQ and ARQ retransmissions, into account and since these two retransmission protocols operate on different time-scales, we believe that a reasonable way forward would be to foresee two timers that govern the in-sequence delivery entity.
The first timer is operated in a very similar fashion as the T1 timer in HSDPA. We denote this timer as HARQ guard timer. This timer is started when a missing RLC PDU is detected. However, since HARQ retransmissions might be still on-going, an RLC status report should not be sent immediately. The time until the HARQ guard timer expires provides time for the HARQ process to finish the HARQ retransmissions. If the RLC PDU arrives, before the HARQ-Guard timer has expired, the timer is stopped. If the HARQ guard timer finally expires and the RLC PDU has not been received, the RLC PDU is declared as missing and an RLC status report can be triggered.

When the RLC status report is triggered, (or alternatively, when the status report is sent) the second timer denoted as ARQ guard timer is started. While it is running, still the already received data is not delivered to the RLC reassembly function. The ARQ Guard Timer is stopped when the negatively acknowledged RLC PDU(s) arrives. Also in-sequence delivery is initiated. If the ARQ Guard Timer expires, the received data in the receiver buffer is released according to the in-sequence delivery principle (i.e., up to the next gap). 

Proposal 1: The in-sequence delivery entity for RLC AM should use two different timers that govern the HARQ and ARQ retransmission delays. The expiry of the HARQ guard timer triggers RLC missing PDU detection and subsequent status reports. The expiry of the ARQ guard timer finally triggers out-of-sequence delivery of RLC PDUs. 
In general, status reports (e.g., triggered by other status triggers) should only negatively acknowledge those RLC PDUs for that the HARQ guard timer has expired.
3.2 RLC UM

For unacknowledged mode operation only the HARQ Guard Timer is needed. As explained in section ‎3.1 it is started when the RLC Receiver detects a missing PDU (e.g., due to ongoing HARQ retransmissions). It is stopped when the expected RLC PDU arrives. If the timer expires, out-of-sequence delivery is triggered immediately. 
Proposal 2: The in-sequence delivery entity for RLC UM should use one timer that governs the HARQ retransmission delays. Upon expiry of the HARQ guard timer RLC PDUs are delivered out-of-sequence to the disassembly entity. 

3.3 In-sequence delivery at Handover

It has been agreed so far that RLC provides in-sequence delivery except during handover. Therefore, the behaviour of RLC at handover needs to be specified in addition to the non-mobility behaviour. 

Downlink Principles: At handover, once the transmission in the source cell is suspended, the UE stops HARQ and ARQ guard timer. It forwards all available RLC PDUs to the reassembly entity. Those data parts that can not be re-assembled are discarded. The RLC SDUs that could be reassembled are forwarded to the PDCP layer. It has been agreed that in case of missing RLC SDUs, the PDCP layer is responsible for providing in-sequence delivery of PDCP SDUs.
Uplink Principles: At handover, once the transmission in the source cell is suspended, the eNB stops HARQ and ARQ guard timer. The source eNB forwards all available RLC PDUs to the reassembly entity. Those RLC SDUs that can be reassembled from those RLC PDUs are forwarded to higher layers. All other data is discarded. The RLC sender in the UE informs the PDCP sender about those RLC SDUs that are not successfully transmitted. The RLC protocol is reset.

4 Conclusions

This paper has discussed RLC in-sequence delivery for AM and UM.
For RLC AM we identified the need for two timers with staggered operation into order to govern HARQ and ARQ retransmissions. 
Since RLC UM is not relying on ARQ, only one timer is needed.

In addition to the non-mobility case, we also discussed the mobility scenario and provided a solution outline.

It is proposed to agree on the principles outlined above. If agreement can be reached we are happy to provide a text proposal.
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