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1. Introduction
During NR study item, the overall L2 protocol architecture was agreed and captured in the technical report [1], including in particular the following:
· It is FFS whether Reordering of complete PDCP PDUs for a DRB can be disabled via RRC signalling, which only affects PDCP operation and could be discussed in the stage-3 work.
In RAN2#97bis meeting, the topic was discussed it was agreed that

· It is desirable to disable PDCP reordering.  FFS how to signal it
In this contribution we give our view on how to disable PDCP reordering operation for NR.
2. Discussion

2.1. Background
Overview

In LTE, only in-order-delivery (IOD) bearers are supported. Moreover, IOD is already enforced between RLC and PDCP. It is only in the case of dual connectivity (where PDCP PDUs are received from 2 RLC entities) or during HO (when previously sent PDCP PDUs are retransmitted) that PDCP may receive out-of-order PDUs and have to reorder them.

In NR, it was agreed to no longer inforce IOD between RLC and PDCP. As soon as a complete RLC PDU is received, the RLC SDU can be extracted and sent to PDCP. This enables to smooth operation like deciphering (avoiding burst deciphering). Allowing further OOD of the PDCP SDUs seems attractive as it should not require a significant additional specification effort.
Use cases example

We believe that “OOD bearer” (i.e. a bearer for which IOD is not enforced) can be useful for specific traffic use cases. 
For instance, real time audio streaming (VoIP) would benefit from such bearer, since reordering will be anyway performed in the application jitter buffer. Real time video streaming (e.g. for game streaming) also needs very low latency, but in addition ideally null frame error rate. This is because such protocol uses delta frame encoding (compared to previous frame), hence a lost frame has a very bad impact as it breaks the stream and needs to be recovered (thanks to ARQ at application level). The very low frame error rate is achieved by network coding, adding N FEC segments to an initial frame of M segments, which enable to reconstruct up to N missing packets. For this kind of protocol, OOD is highly beneficial as it enables to reduce the latency observed at application level, as shown in Figure 1. As it can be seen, even if some packets are delayed due to retransmissions (could be by HARQ, or ARQ), the end to end latency is not impacted. Basically, for a video frame, M+N segments are transmitted, and the first M segments received among the set of {M+N} segments are enough to decode the frame (whichever are received first). So RLC UM or even RLC AM may be used (depending of RLC AM ARQ RTT, but it could be quicker than application level RTT). 
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Figure 1
For OOD bearer, it is up to upper layers to handle/identify the OOD packets, by including the appropriate sequence numbering (e.g. in RRC in case of SRB, or using RTP like protocol for streaming applications).
Observation 1: “Disabling PDCP reordering” should correspond to “allowing OOD to upper layers”, which is beneficial for some applications
2.2. Implementation

Setting t-Reordering to 0
In the previous meeting, it was proposed by some companies that “disabling of PDCP reordering” can just be realized by setting the t-Reordering timer to 0.

In our view this is not a correct way to disable PDCP reordering.
As a matter of fact, assuming legacy t-Reordering operation is used (as already agreed as a baseline), this would not disable PDCP reordering. PDCP reordering is still activated and works in a very simple way: by discarding PDCP PDUs received out-of-order. This results in an IOD bearer, with low latency but increased packet loss (which one may want to configure for specific purpose, so the setting of t-Reordering to 0 should not be diverted to means something else). 

On the contrary what is targeted is an OOD bearer, with low latency but without compromising packet loss (as retransmitted packets are delivered later, out-of-order).

Proposal 1: Setting t-Reordering to 0 is not used for the purpose of disabling PDCP reordering  

“IOD” configuration parameter
It is proposed that “disabling of PDCP reordering” is explicitly indicated by the way of a dedicated RRC configuration parameter (part of PDCP configuration parameters, i.e. on a DRB basis). In our view, “disabling of PDCP reordering” means “allowing OOD”, hence we propose the parameter to indicate whether IOD is configured or not.

Proposal 2: Disabling PDCP reordering is signaled using a dedicated PDCP configuration parameter, e.g. “in-order-delivery” which is set to false (default being true). 

Implementation

Even if OOD is configured (IOD disabled), it is desirable to eliminate duplicate packets. It is known that out-of-order packets can happen (due to different routes), and they should be correctly handled by most applications (even if there could be side effect, e.g. for TCP there is a direct impact on throughput). On the other hand, duplicated packets are far less common, are not considered as a “normal behaviour” and should be avoided. 
It is proposed that the same PDCP receive window mechanism used when IOD is configured is also used when OOD is configured. The only difference should be the following. Instead of storing a PDCP SDU in the PDCP reordering buffer (waiting for previous PDCP SDUs), it can be delivered to upper layers immediately; however PDCP should store the indication that the PDCP PDU was already received and handled, in order to avoid delivering duplicate to upper layers. 
It can be noted that even when OOD is configured, t-Reordering mechanism can still be used and configured as when IOD is configured, as it is required for proper PDCP receive window operation.
Proposal 3: When OOD to upper layers is performed, instead of storing SDUs for later IOD delivery, the SDUs are delivered but the indication they are delivered is stored  

3. Conclusion 
In this contribution, we discussed how to disable PDCP reordering operation for NR, and made the following observations and proposals:
Observation 1: “Disabling PDCP reordering” should correspond to “allowing OOD to upper layers”, which is beneficial for some applications
Proposal 1: Setting t-Reordering to 0 is not used for the purpose of disabling PDCP reordering
Proposal 2: Disabling PDCP reordering is signaled using a dedicated PDCP configuration parameter, e.g. “in-order-delivery” which is set to false (default being true).
Proposal 3: When OOD to upper layers is performed, instead of storing SDUs for later IOD delivery, the SDUs are delivered but the indication they are delivered is stored
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