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1 Introduction

In 3GPP TSG-RAN WG2#97bis, the following agreements have been made for PDCP reordering:

Agreements on PDCP reordering

-
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 3GPP TSG-RAN NR AH #2, the following agreements have been made for out –of order delivery in PDCP and harmonized bearer type:

Agreements on Out-of-order delivery
1.
Out-of-order delivery is configurable by RRC.  

2.
Out of order delivery does not affect window status, i.e. RX_DELIV

3.
Integrity verification, if applicable, is applied at reception of a PDU. Following LTE, it is applied also for PDUs received out of the window and/or duplicates (that are already stored)
Agreements on harmonized bearer type
1
Include PDCP config also in NR RRC PDU from the SN 

2: 
Assume DRBid is used for the linking between PDCP config and lower layer comfiguration.

Working assumption: For MCG bearer, either LTE or NR PDCP can be used,  configurable by the network.
As a working assumption it is agreed in RAN2 when EN-DC is configured, NW can configure MCG bearer either with LTE PDCP or NR PDCP configuration .In this contribution we have discussed the impact on reordering functionality when MCG DRB is configured with NR PDCP.
2 Discussion
In LTE, reordering function takes place at RLC layer for UM and AM data transfer .Reordering function at RLC ensures that it provide in-sequence delivery to upper layers . To detect the loss of UMD and AMD PDUs at lower layers and avoid excessive reordering delays , t- Reordering  timer is configured by the NW which is  maximum time to wait for reception of RLC PDU that have not been received in sequence. Whenever UM and AM RLC entity received out of sequence UMD and AMD data PDU at reception side it starts reordering timer i.e. t-Reordering and it waits for RLC PDU until the timer expires .
In case of RLC UM entity once t- Reordering timer expires, LTE RLC UM entity needs to deliver the received RLC SDUs to upper layers despite the lost PDUs. RLC entity  reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before. Due to this the RLC UM entity can deliver out of sequence packets to upper layers.
Observation 1: In LTE, RLC UM entity does not ensure lossless delivery of RLC SDUs to higher layers.
 In LTE PDCP reordering is introduced for DRBs mapped on RLC AM entity to handle special cases like         re-establishment, handover or NW configures split bearers in DC or LWA bearers. In these cases RLC AM entity will give out of sequence delivery so PDCP performs reordering during reception of PDU and ensure in sequence delivery to upper layers. In LTE PDCP reordering is not performed for DRBs mapped on RLC UM entity.
Observation 2: In LTE, PDCP reordering is not performed for DRBs mapped on RLC UM entity.
In RAN2#95bis [1], RAN2 agreed that complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled and also agreed that PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case). In RAN2#97bis[2], RAN2 agreed that it is desirable to disable PDCP reordering, i.e. to support out-of-sequence delivery in PDCP if upper layer already supports in-sequence delivery.

Observation 3: In NR, Reordering function is only performed at PDCP and it is always enabled if in sequence delivery to layers above PDCP is needed. 

In EN-DC when MCG DRB is configured with NR PDCP, then UE MCG bearer will be configured with NR PDCP container and have LTE configurations on RLC, MAC and physical layers. In this case reordering function available at both LTE RLC and NR PDCP layers. 
As mentioned in Observation 1, LTE RLC UM entity can provide out –of-sequence delivery of RLC SDUs to higher layers. If NR PDCP reordering is enabled then it will again start the reordering timer on receiving out of sequence packets from LTE RLC entity. There is no further gain from performing reordering at NR-PDCP again as LTE RLC entity has already wait for missing packets till t-reordering timer expiry . Reordering at NR PDCP only adds to delay in delivering the packets to upper layers without any improvement to packet reordering/recovery. Duplicate reordering takes place at LTE RLC and NR PDCP.
Observation 4: In EN-DC, for MCG DRB configured with LTE RLC UM entity and NR PDCP, PDCP will use reordering functionality if it receives out of sequence packets from lower layers, which adds delay in delivering the packets to upper layers without any improvement to packet reordering/recovery.
For MCG DRB configured with NR PDCP and LTE RLC UM entity, NW should disable the reordering functionality either at LTE RLC entity or NR PDCP entity. Duplicate reordering at NR PDCP and LTE RLC only adds to delay in delivering the packets to upper layers without any improvement to packet reordering/recovery. Disabling the reordering at LTE RLC will not work as it may cause loss of packets and additional complexity may be introduce as current LTE RLC receive operation is designed with reordering functionality.
We would like to introduce the below proposal to handle this issue 
In EN-DC, when MCG DRB is configured with LTE RLC UM entity and NR PDCP, then NW should disable the NR PDCP reordering. NW can configure NR PDCP with t-reordering timer as 0ms, so that PDCP delivers the resulting PDCP SDU to upper layers without reordering functionality. Alternatively NW can configure NR PDCP with out of order delivery so that it not should not start reordering functionality once it received out of sequence packets form lower layers. 
Proposal 1: In EN-DC, when MCG DRB is configured with LTE RLC UM entity and NR PDCP configuration, then NR PDCP reordering should be disabled.
3 Conclusion

This contribution discussed the impact on reordering functionality when MCG DRB is configured with NR PDCP and LTE RLC entity and suggests:
Observation 1: In LTE, RLC UM entity does not ensure lossless delivery of RLC SDUs to higher layers.

Observation 2: In LTE, PDCP reordering is not performed for DRBs mapped on RLC UM entity.
Observation 3: In NR, Reordering function is only performed at PDCP and it is always enabled if in sequence delivery to layers above PDCP is needed. 

Observation 4: In EN-DC, for MCG DRB configured with LTE RLC UM entity and NR PDCP, PDCP will use reordering functionality if it receives out of sequence packets from lower layers, which adds delay in delivering the packets to upper layers without any improvement to packet reordering/recovery.
Proposal 1: In EN-DC, when MCG DRB is configured with LTE RLC UM entity and NR PDCP configuration, then NR PDCP reordering should be disabled.
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