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1. Introduction

This paper explains why in-order or expedited delivery of IP packets by RAN should be a configurable parameter for each radio bearer in LTE.

2. Discussion

2.1. Current stage 2

The stage 2 text [1] as well as minutes from RAN#58bis state that RLC performs in-sequence delivery of upper layer PDU except at handoff and PDCP performs in-sequence delivery of upper layer PDU at handoff. Depending on the application, it should be possible to configure whether in-sequence or expedited delivery of IP packets is more appropriate. Below we illustrate an application which often prefers to receive packets as soon as possible, even if they are out of order.

2.2. VoIP 

It is well known that low end-to-end delay is key to high conversational quality for VoIP. With LTE, delays may be introduced by the scheduler, by HARQ retransmission, by RLC retransmissions and re-ordering, by PDCP status exchange and re-ordering, and in the core network. Below we focus on the re-ordering performed by RLC and PDCP.

For RLC, re-ordering may be required because HARQ may deliver packets out of order. To deliver in-order RLC must wait for packets that require more HARQ retransmission. With asynchronous retransmissions, N HARQ interlaces and up to M retransmissions allowed, the time to wait before deciding a packet is lost and passing the subsequent ones out of order may be long compared to the VoIP delay budget. 

For PDCP, re-ordering may be required because at handoff RLC passes packets received out of order to PDCP. Starting at the time of handoff, PDCP must wait until the handoff completes at layer 1, RLC is setup and RLC successfully delivers the packet(s) missing at the head of receive queue. At the minimum, that will consist of the delay to RACH, to exchange PDCP STATUS and to complete the transmission of the VoIP packet including its full IP/UDP/RTP header when RoHC is reset.

VoIP uses RTP which handles out of order packets thanks to a 16-bit sequence number. Over the air interface RoHCv1 has a 4 bit sequence number and can be configured to handle out of order packets by properly setting the P parameter. While the RFC sets P to 1, there are implementations which set P to 6 and therefore allow RoHC to handle out of order including 6 packets past the highest received sequence number and 9 packets ahead.. RoHCv2 provides robustness against out of order as well. Therefore one can state that the protocols used to transport VoIP frames are resistant to out of order delivery and neither the application nor the transport protocol require it. It therefore makes little sense to pay the price of extra delay in order to provide ordered delivery for this application. 

While the end-to-end delay is minimized, the VoIP application is left with maximal freedom to manage the depth of the playout buffer and adapt to the various possible end-to-end conditions.

2.3. Proposal

We propose to agree that RLC and PDCP shall be configurable to deliver to their upper layer in-sequence or not. The various blocks of RLC and PDCP, including the de-ciphering block, shall therefore be able to cope with out of order packets. Regarding deciphering, since the PDCP PDU carries at least a 1-byte PDCP sequence number it should be used to properly de-cipher packets received out-of-order as proposed in [2].

3. Conclusion
In this contribution we clarify that in-order delivery by RLC and PDCP shall be a configurable parameter for each radio bearer. Applications such as VoIP benefit more from expedited delivery than in-order delivery. We propose that the stage 2 text should capture this.
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