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1 Introduction
The open issues document on the RLC layer [1] for E-UTRA mentions that the UM HARQ reordering on the receiver side has not been fully specified. In this contribution, we propose to specify the use of HARQ reorder timer for in-sequence delivery of PDCP PDUs to the PDCP sub-layer.

The rest of this contribution is organized as follows. In section 2, we describe the context, where we describe the issue of HARQ reordering on the receiving UM RLC entity. In section 3, we propose the use of HARQ reordering timer for providing in-order delivery to the PDCP layer. We conclude in section 4. 
2 Context
In this section, we describe the problem of HARQ reordering on the receiving RLC entity in more detail.

When a transmitting RLC UM entity sends consecutive RLC PDUs belonging to a single LCID, it is likely that the PDUs were transmitted on transport blocks (TBs) belonging to different HARQ processes. In this case, it is likely that the receiving MAC layer entity receives the RLC PDUs out-of-sequence because of the differing delays associated with each HARQ process due to retransmissions. Since the MAC layer is NOT responsible for in-sequence delivery of RLC PDUs, it is possible that these RLC PDUs arrive out-of-order at the receiving RLC UM entity. In this case, it is necessary for the receiving RLC UM entity to re-order the RLC PDUs and ensure in-sequence delivery to the PDCP sub-layer.
3 UM HARQ Reordering
In order to address the issue mentioned in Section 3, a HARQ reorder timer is important at the receiving UM RLC entity. When the receiver is receiving out of order RLC PDUs, it has to wait for some of the earlier sequence numbered RLC PDUs to be correctly received before it can forward the embedded PDCP PDUs in-order to the higher layers. If the missing packets are not received within a certain time, the receiver gives up on them being received and reassembles and  forwards the PDCP PDUs of the received RLC PDUs to the higher layer. This wait time is known as the HARQ re-order timeout. There are various methods of implementing this timeout. We propose to use the one described below.
HARQ reorder timeout: According to [2], the HARQ reorder timer is used by the receiving side of a receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer. Since there are no retransmissions at the RLC layer for UM mode operation, this is also the time within which the RLC PDU (the embedded PDCP segments within the RLC PDU) is forwarded to the higher layer after being received at the RLC receiver entity. This timeout is configured per radio bearer. The operation of the re-ordering works as follows:
· All RLC PDUs when received are time stamped and buffered if they are not the first expected packet in the receive window. If the received RLC PDU is the first in receive window, it is forwarded to the higher layer without buffering, and the window is advanced.
· (Optional – Suggested implementation) In order to aid in the re-order process as described below, some state information in the form of sequence numbers and arrival time is stored, when a RLC PDU arrives that is not the first in the receive window. This list is filled (and thus automatically sorted) in the order of receive times of the RLC PDUs. Let us refer to this list as RLC arrivals list.
· As soon as the receive window receives a packet that is not the first in the receive window, the re-order timeout count begins.
· If the window does not move until the timeout happens, all RLC PDUs received in the window through the RLC PDU that started the re-order timeout are reassembled and forwarded to the higher layer. If further in-sequence RLC PDUs after the RLC PDU that triggered the HARQ timeout are also received, they are also reassembled and forwarded to the higher layer and the receive window is moved till the first not-received packet in the sequence.  
(Optional - Suggested implementation) When the window advances, all the state entries from the front of the RLC arrivals list that do not belong to the new window are removed.
· If the window moves before the timeout happens, the re-order timer is reset, and potentially restarted if the condition to start is true as described above for the new window. That is, in the new window, if a RLC PDU that is not the first expected packet has already been received, the re-order timeout is set based on the receive time of the earliest received packet in the window. The timeout is set for its received time plus the re-order timeout size. The process repeats itself as the window advances.

Proposal 1: A HARQ re-order timeout is used to reassemble and forward received RLC PDUs to the higher layer even if preceding RLC PDUs in the receive window are not received. 
Proposal 2: This timeout is identical for all packets in a radio bearer, and guarantees that after a RLC PDU is received at the RLC of the receiving entity, it gets forwarded to the higher layer within the HARQ re-order timeout. The re-order timeout functions as described above. 
4 Conclusion

In this document, we proposed the HARQ reordering operation for the receiving RLC UM entity. We propose to include the acceptable proposals in stage 3 of RLC specification.
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