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1.	Introduction
For split bearers, there is a case that PDCP reordering timer starts when out-of-sequence PDCP PDU is detected which is discarded upon PDCP SDU discard timer expiry at the PDCP transmitter side. Consequently, the PDCP receiver cannot distinguish whether there are other in-sequence PDCP PDUs to be received further from the lower layers or they are already missed PDCP PDUs from the transmitter side. The PDCP receiver would hold re-assembly of PDCP SDUs although the missing PDCP PDU would never be received. This will cause excessive reordering delay of PDCP PDUs in the reordering buffer. 
In RAN2#89bis meeting, two alternative proposals related to the reordering delay caused by PDCP discard function for split bearers were discussed:
1. Replacing the discarded PDCP SDU with a null SDU with zero length [1];
2. Adding the following note in the specification section on PDCP Discard [2]:
NOTE:	For split bearers, discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP PDUs, which increases PDCP reordering delay in the receiving PDCP entity. How to prevent SN gap in the transmitted PDCP PDUs after PDCP SDU discard is left up to UE implementation.
In this contribution, we propose the way PDCP receiver side can avoid excessive reordering delay for split bearers.

2.	Discussion
To prevent excessive reordering delay of PDCP PDUs caused by SN gaps, four possible options can be considered:
· Option 1: Associating a PDCP SN to a SDU only at the time when the SDU is actually transmitted on the radio
· Option 2: Use of PDCP SDUs of zero length in place of PDCP-discarded uplink SDUs 
· Option 3: If an SDU is already associated with a PDCP SN, do not discard the SDU even if the discard timer expires for the SDU
· Option 4: Re-associate the following PDCP SDUs with PDCP SNs. 
For option 1, the time for performing ciphering function seems tight. If PDCP SN is associated at the time when the SDU is transmitted, the UE may be pressed for time to perform ciphering function. This might cause processing complexity to UE. However, there is no waste of radio resource.
For option 2, a new type of PDU, i.e. PDCP data PDU without PDCP SDU, needs to be introduced. Then there might be an issue for the legacy eNB and UE, and might cause backward compatibility problem. The backward compatibility problem can be seen from the box below. Furthermore, the eNB should allocate UL resource for the PDU with null SDU, which leads to waste of UL resource.

	TS36.323

[bookmark: _Toc413838158]5.1.1	UL Data Transfer Procedures
For a PDCP SDU received from upper layers, the UE shall:
-	associate the PDCP SN corresponding to Next_PDCP_TX_SN to this PDCP SDU;

[bookmark: _Toc413838203]6.1.1	PDCP Data PDU
The PDCP Data PDU is used to convey:
-	a PDCP SDU SN; and
-	for SLRBs, PGK Index, PTK Identity, and SDU type; and
-	user plane data containing an uncompressed PDCP SDU; or
-	user plane data containing a compressed PDCP SDU; or
-	control plane data; and
-	a MAC-I field for SRBs; or
-	for RNs, a MAC-I field for DRB (if integrity protection is configured);




The option 3 may cause problem in PDCP buffer management. In the PDCP transmitter side, PDCP SDU discard function prevents PDCP buffer overflow and manages QoS of a bearer based on a discard timer. If PDCP SDU is still stored in buffer even if the discard timer has expired, this may cause buffer overflow and transmission delay.
For option 4, when a PDCP SDU is discarded, the UE renumbers and re-associates the PDCP SDUs following the discarded PDCP SDU so that there is no SN gap in PDCP SDUs submitted to AM RLC entity. Due to the re-association, the UE complexity would be slightly increased. However, there is no waste of radio resource.

Comparing options 1~4, we think option 4 is the best with the following reasons:
- 	The option 1 increases UE processing burden too much.
-	The option 2 is not backward compatible and wastes radio resource.
-	The option 3 causes buffer overflow problem and wastes radio resource.
-	The option 4 increases UE processing burden at PDCP SDU discard, which is not so frequent. Moreover, there is no waste of radio resource.
Proposal: For split bearers, when a PDCP SDU which was not submitted to AM RLC entity is discarded, the UE re-associates the PDCP SDUs that follow the discarded PDCP SDU with PDCP SNs.
The corresponding text proposal is provided below.
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Text proposal to TS36.323

[bookmark: _Toc413838186]5.4	PDCP discard
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the UE shall discard the PDCP SDU along with the corresponding PDCP PDU. If the corresponding PDCP PDU has already been submitted to lower layers the discard is indicated to lower layers.
For split bearers, if the PDCP PDU corresponding to the discarded PDCP SDU has not been submitted to lower layers, the UE shall re-associate following PDCP SDUs with PDCP SNs so that there is no SN gap in the PDCP SDUs submitted to lower layers.
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