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Introduction
This document discusses PDCP reordering and how it may be used to fit various in-order delivery requirements for higher layer protocols such as RTP, SIP. TCP and QUIC.
For NR the following have been agreed at the RAN2#97bis 3GPP meeting ([1]) related to PDCP reordering:
· A unified re-ordering scheme is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.
· It is desirable to disable PDCP reordering. FFS how to signal it.
[bookmark: _Ref178064866]Discussion
Higher layer protocols have different needs for in-order delivery, such as:
· Classical TCP protocols benefit from in-order delivery, although with moderate reordering depth.
· More modern TCP protocols and other new protocols such as QUIC are more robust with regards to out-of-order packets, and PDCP reordering delays enforced by even moderate reordering depths may in some cases cause worse behaviour.
· Protocols like RTP and SIP that supports real-time media with strict delay requirements such as voice have more or less self-contained reordering schemes and does not need PDCP in-order delivery. Lately also RoHC has become more robust with respect to out-of-order packets.
Higher layer protocols do not all benefit from PDCP in-order delivery. Some protocols do not need it at all, and some others are impaired from delays caused by already moderate reordering delays. It may therefore be important to allow a unified in-order function, or rather a forwarding function, to be configured in a more flexible way.
The purpose of the t-Reordering timer
The purpose of the t-Reordering timer in PDCP is to ensure in-order delivery of packets to higher layers. The timer is set to a time duration during which the PDCP receiver waits for any late arrived packets. When the timer expires, PDCP stops waiting and forwards already received packets to higher layers, even if there are some missing packets. In current LTE AM+reordering PDCP reception algorithm, at expiry of t-Reordering, the reception window is moved up, so that further packets arriving after the reception window are discarded.
In-order delivery can be beneficial for the following cases:
· It avoids unnecessary fast retransmits by the TCP sender, triggered by frequent cases of out-of-order packets from lower layers, caused by for instance HARQ retransmissions.
· It could potentially also be used to avoid fast retransmits for less frequent cases of out-of-order packets, such as caused by RLC retransmission for instance, but there will be a trade-off to avoid setting the t-Reordering timer to a too long value which will cause some negative performance in the overall end-to-end data flow, see below.
Setting a too long value for the t-Reordering timer may have a negative effect on the end-to-end traffic performance, as described in the following cases:
· The end-to-end traffic often consists of several parallel TCP flows, and if PDCP delays the forwarding of a packet to wait for in-order-delivery, this means that all TCP flows currently handled on this bearer will also be delayed in the same amount, causing worse performance for all other flows.
· QUIC has the possibility to transmit multiple streams over one QUIC connection, these streams can be both large bulk data transfers as well as delay sensitive interactive, flows. A larger t-Reordering timer can potentially cause a Head-of-Line blocking problem that will degrade performance for the interactive flows.
· If the available throughput over the radio suddenly decreases, as may happen often in high frequency channels, it will take a longer time for the TCP transmitter to learn that the available throughput has actually decreased, since the t-Reordering timer will delay the detection of lost packets.
· For very high data rate scenarios the amount of data that must be stored at the PDCP receiver will be very high if the t-Reordering timer is set to a large value. If for example we have a one gigabit data flow, the amount of data that must be stored for each ten millisecond period is 1.25 Mbyte.
· For more modern TCP protocols and QUIC protocol, the tendency is to make the protocols less impacted by out-of-order packets, and therefore any delay caused by enforcing in-order-delivery by PDCP will only have a negative effect on the end-to-end performance.
· For media (such as voice or video) carried over RTP or SIP the end points will anyhow ensure in-order handling of the packets. Media clients also have mechanisms to discard old data, for instance in the case that a RTP packet is past due. If PDCP is used to delay certain packets to enforce in-order-delivery, this may have a negative impact on the application level if for instance it will unnecessary delay a more important packet in the data flow.
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Avoid discarding PDCP PDUs that are out-of-order
As explained above, in current LTE AM+reordering PDCP reception algorithm, at expiry of t-Reordering, the reception window is moved up, so that further packets arriving after the reception window are discarded. However, it may be beneficial to not always discard packets that are received after expiry of t-Reordering, as described by the following cases:
· If the jitter is not too large (such as within the TCP RTT), the TCP transmitter may benefit from a late packet and use it to restore the original data rate.
· For modern TCP and QUIC implementation where in-order-delivery is less important, it is still beneficial to avoid discarding packets just because they are temporarily out-of-order.
· For media (such as voice or video) carried over RTP or SIP, it is very important not to discard a packet that is temporarily out-of-order, because this will reduce the quality of experience.
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Use a receiving window that may be larger than the reordering window
To avoid discarding PDCP PDUs that are received outside the reordering window, it is proposed to allow a configuration of a receiving window that may be larger than the reordering window.
By having both a receiving window and a reordering (time-) window in the PDCP receiver, the following different configurations would be possible:
a) The reordering window is configured to be the same as the receiving window:
This will mean the same as the legacy PDCP reordering function in LTE.
b) The reordering window is configured to be smaller (including zero length) than the receiving window:
This will allow late packets received outside the reordering window to still be forwarded to higher layers (out-of-order).
By using a reordering (time-) window with zero length and still configure a receiving window it is possible to disable PDCP reordering (as agreed to be supported) and still avoid discarding any out-of-order packets.
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Conclusion
In section 2 we made the following observations:
Observation 1	Having a t-Reordering timer in PDCP is useful for short time periods to handle frequent out-of-order events because this will avoid fast retransmits.
Observation 2	Having a too long t-Reordering timer in PDCP will potentially cause unnecessary latency for packets and cause worse performance for higher layers.
Observation 3	For many higher layer protocols, it is beneficial to not discard packets that are out-of-order and instead forward these packets to higher layers.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to discuss how to make the PDCP receiver efficient as well as agnostic for modern higher layer protocols.
Proposal 2	RAN2 to discuss decoupling of reception window (to discard PDUs outside of it) and reordering (time-) window (waiting time until out of sequence delivery) in NR PDCP receiver.
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