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1
Introduction

Window operation in RLC is still open.  In LTE, it is a working assumption that there is no re-ordering function based on TSN used for HARQ in the MAC layer.  This document analyzes the functions needed for ARQ in RLC entity and a proposal is presented to fulfil the required functions for ARQ.

2
Function requirements for ARQ

The ARQ procedure in AM RLC layer needs to provide at least the following functions listed in stage-2 spec [36.300]:

-

Transfer of AMD PDUs;

-

In-sequence delivery of SDUs except at HO in the uplink;

-

Duplicate Detection.
In addition, more functions are expected to be achieved by ARQ procedure:

· Detection of missing AMD PDUs;

· Retransmission of missing AMD PDUs.

2.1 Receiving window types

There are two types of receiving window used in UTRA. The first one is the receiving window used in AM RLC entity, wherein the receiving window is advanced when PDU of the lower window edge is received and PDUs received outside the receiving window are discarded.  We can name the first type of receiving window as “Push type window” since the advance of the window is pushed from the lower edge.

The second type is the receiving window used in MAC for re-ordering based on TSN used in HARQ.  This type of window is advanced when a PDU outside the window, i.e. above the upper window edge, is received.  Therefore, the second type of receiving window can be named as “Pull type window” since the advance of the window is pulled from the upper edge.

Both the Push type window and the Pull type window can support the first three function requirements for ARQ.  Considering out-of-order reception characteristics of HARQ in the lower layer, Pull type window can detect missing AMD PDUs but cannot handle retransmission of missing AMD PDUs properly.  On the contrary, Push type window can handle retransmission of missing AMD PDUs properly but cannot detect missing AMD PDUs properly.

A straightforward way has been proposed for RLC in LTE: using Push type window to handle retransmission of missing AMD PDUs and using a discard timer to detect missing AMD PDUs.  This scheme can work of course.  However, since the discard timer must support maximum transmission times of a MAC PDU in HARQ, the discard timer must be configured to cover the worst scenario.  This makes the detection time by a discard timer much slower than by a Pull type window.  This is the reason why Pull type window is used in reordering entity in Rel-7.

2.2 Dual window operation

In Rel-7, Push type window is based on RLC SN while Pull type window is based on HARQ TSN.  And the space of RLC SN is much larger than the space of TSN.  In LTE, TSN for HARQ, if any, is not delivered to RLC.  However, noting that the sizes for Push type window and Pull type window are different, we can use both types of window at the same time in RLC entity.  This scheme is called as Dual window operation.  Figure 1 shows how the dual window scheme operates.
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(a) Initial states of the two windows
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(b) Window positions after receiving some PDUs. SN =2 is detected as missing and NACKed.  SN = 3 and 5 might be under transmission in HARQ so that they are not NACKed yet.
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(c) SN = 3 is detected as missing and NACKed.

Figure 1. Dual window operation

Note that, in Figure 1(b), if SN = 2 is received later, Pull window shall not be advanced because SN =2 is within the Push window and is below the lower edge of the Pull window.  Note one more thing: when SN of a received PDU is outside the Push window, the PDU shall be discarded and the Pull window is not advanced.  All the other operating rules for Push window and Pull window apply for the dual window operation.

3.
Conclusions

A simple dual window operation has been presented.  This scheme can efficiently detect missing AMD PDUs.  It is proposed to discuss this scheme and decide whether it is agreeable to adopt the dual window operation in the stage 3 specification.
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