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1   Introduction
In RAN2 #97bis meeting, PDCP PDU size was discussed with following agreements:
	· PDCP reordering should always enabled for SRBs
· A unified re-ordering schemes 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


In this contribution, the enabling/disabling of PDCP reordering is analysed further.
2   Introduction

In the previous meeting, agreement has been made that it is desirable to disable PDCP reordering. This is because there can be multiple benefits by disabling the reordering: the packet can be delivered to the upper layer more quickly and the delay is reduced, the burden on the buffer can be relieved more timely, and the receive window can be moved more quickly. Our discussion in this contribution is thus motivated.
2.2   Disabling reordering by setting t-reordering to zero
In this previous meeting, there have been proposals that PDCP reordering can be disabled by setting the t-reordering timer to zero. In the ongoing email discussion [1], it is agreed that the mechinsm when t-reordering expires shall follow the same mechanism as that in LTE: RX_DELIV will be updated to the COUNT value of the last PDCP SDU delivered to the upper layer. We acknowledge the fact the setting t-reordering to zero can indeed diable the reordering of the PDCP layer. However, setting the timer to zero will have the following side effects. 
By setting the t-reordering to zero, the receiver will no longer wait for the unreceived packets when the t-reordering timer is triggered and expires instantly. Then, the lower edge of the window waiting for the un-received packets will also move instantly. Hence, packets should have been received (i.e., when t-reordering is not set to zero), will no longer be received and delivered to the upper layer. 

An exmaple is given in the following figure to further illustrate this issue. In the figure, the packets arrive in the empty buffer with the order 10, 11, 13, and 12. After they are received, the t-reordering is triggered and expires immediately.  They are also delivered  to the upper layer and RECD_DELIV is updated. If t-reordering is not set to zero, 12 could have been received, at least could be waited for. However, when t-reordering is set to zero, 12 could not be received for both push- and pull-based approach. Based on the above discussions and example, we make the following proposals:
Observation 1: The side effect of setting t-reordering to zero is that packets could have been received are discard, while the original intension is just to disable the reordering.
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Hence, we argue that disabling the reordering via setting t-reordering timer to zero is not a viable option and thus make the following proposal.
Proposal 1: Disabling of the reodering  in PDCP should not be accomplished by setting T-reodering to zero.

2.3   Methods for signalling the disabling/enabling of reordering
In LTE, it is assumed that all the sessions shall be reordered before the packets are deliverd to NAS layer in receiver side. For non-DC scenario and DC-scenario, this reordering is performed by RLC and by RLC and PDCP, respectively.

In NR, RLC does not apply reordering to the received packets. It delivers the packets to PDCP layer in the order that they are received. PDCP entity is per RB, which includes multiple flows. Generally, in-sequence delivery is required inside one flow, while not needed inside the RB, while the information whether or not the packets in the flow should be reordered will be helpful. However, this issue is addressed by SA2. Thus, we think that a LS should be sent to SA2 for inquring this issue.
Proposal 2: An LS should be sent to SA2 for inquring whether or not the QoS profile associated with a QoS flow ID will indicate the need for in-sequence delivery.
If SA2 is agreeable with the proposal that it can include the information in the QoS profile, this information can be utilized by the PDCP layer to distinguish the packets that do not need reordering from those that have the need. In order to signal this need to the PDCP layer, we think of the following options, which NR could consider as the solution to this issue:
Option 1: RAN can map a QoS flow with no need for reordering but also with other similar QoS parameters to one DRB, separate from the other flows with need for reordering. Configuration can be done by the RRC message.
Option 2: Add one additional field in the header of SDAP layer or PDCP layer to indicate the need for reordering. 
For option 1, RAN can map a QoS flow ID requiring in-sequence delivery onto one (type of) DRB and can map a QoS flow ID that does not require in-sequence delivery onto a different (type of) DRB. However, the total number of logical channels is limitted and creating separate logical channels for flows with no need for reordering will increase also increase the need for more logical channels.  
For option 2, one possible issue is that, if the missed packet did not require ordering, all other ordered packets will have to be delayed until the missed one is received to know that it actually wasn’t needed to be waited for. There is also cross-layer issue that the PDCP layer might need to look into the header of the SDAP layer.  However, the solution is simple by just adding one bit for the indication and does provide benefits most of the time.
Comparing these two options, we think option 1 is still a better option by treating all the packets in the DRB in the same manner and avoid the various defects in the option 2. Hence, the following proposal is made:

Proposal 3: In order to disable the reordering function in PDCP layer, the flow with no need for reordering and other similar QoS requirements should be mapped into a separate DRB.
2.4   Methods for temporary suppression of reordering
By its nature, an MBB session involves a mix of packet flows and packet types, some of which have different ordering and relative priority requirements. In addition, a UE may transmit packets to multiple destinations over a particular DRB.
For example, many TCP connections are preceded by a DNS query that is transmitted using UDP. Any delay in forwarding the DNS query could negatively impact the end user experience. Similarly, some control packets within protocols like TCP and RTP are not part of the general flow of data packets and should be forwarded without delay.

Within a DRB where re-ordering is enabled, it would be beneficial if the UE could indicate to RAN if a PDCP PDU should be immediately forwarded without reordering. This may be accomplished in one of two ways:

Option 1:  by setting the QoS flow ID to a value where the QoS profile indicates that reordering is not required.

Option 2:  by using a field (e.g. a single-bit O-field) in the header of a PDCP data PDU to indicate that the data PDU can be delivered out-of-order.

Option 1 requires that a QoS profile be provided where reordering is disabled and that a QoS flow ID with this profile is configured for every DRB where temporary suppression of reordering is required; in some cases, this may also mean that transmission of the QoS flow ID cannot be disabled. Perhaps more importantly, it also requires interpretation of QoS flow IDs by the PDCP layer.

Option 2 is independent of QoS flow IDs, and their associated profiles, and can be managed completely within the PDCP layer. Therefore we suggest that option 2 is the preferred solution.

Proposal 4: To allow a PDCP PDU to be immediately forwarded without incurring reordering delays, a field should be provided in the header of a PDCP data PDU to indicate that the data PDU can be delivered out-of-order.

3   Conclusion
In this contribution, we discuss the enabling and disabling of reordering in PDCP entity. The following observation is made:

Observation 1: The side effect of setting t-reordering to zero is that packets could have been received are discard, while the original intension is just to disable the reordering.
Then, we also make the following proposals:
Proposal 1: Disabling of the reodering  in PDCP should not be accomplished by setting T-reodering to zero.

Proposal 2: An LS should be sent to SA2 for inquring whether or not the QoS profile associated with a QoS flow ID will indicate the need for in-sequence delivery.
Proposal 3: In order to disable the reordering function in PDCP layer, the flow with no need for reordering and other similar QoS requirements should be mapped into a separate DRB.
Proposal 4: To allow a PDCP PDU to be immediately forwarded without incurring reordering delays, a field in the subheader of a PDCP data PDU should be provided to indicate that the data PDU can be delivered out-of-order.
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