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1
Introduction
This contribution proposes use of PDCP SDUs of zero length in uplink as a simple means to alleviate the effect on TCP performance, of the PDCP-discarding behaviour currently mandatory to the UE, whose significance increases with the introduction of uplink bearer split.
2
Discussion
In the current split-bearer operation, as well as temporary PDCP reordering following spit-bearer operation, whenever a PDCP PDU with certain SN is not received, the SDUs received within the subsequently-numbered PDUs will not be delivered to upper layers before the PDCP reordering timer expires. This is in contrast to legacy PDCP operation where, apart from lower-layer re-establishment, a gap in received PDUs is passed to upper layers without delay.

Delaying the delivery of such a reception gap to upper layers degrades TCP performance. Once TCP’s flow control exceeds the available throughput, the PDCP transmission buffer builds up until one or more SDUs are discarded from that buffer. The sooner the TCP ACKs indicate a lost packet, the sooner the TCP transmitter can react by adjusting its transmission rate. 

For Rel-12 split-bearer downlink operation, it has become common understanding that the eNB can alleviate the problem by refraining from discarding numbered PDCP PDUs, and discarding only unnumbered PDCP SDUs instead. However, for the UE operation the following discarding behaviour is still mandated:
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.
A simple way to avoid unnecessary delays to upper layers from such a dropped SDU is to replace it with a null SDU with zero length in a transmitted PDCP Data PDU, which at reception is considered stored and delivered to upper layers similarly as other SDUs. Reception of PDUs with zero-length SDUs will then allow delivery of other SDUs to upper layers to progress, just like the reception of other PDUs and SDUs.
Proposal: agree the use of PDCP SDUs of zero length in place of PDCP-discarded uplink SDUs, for DRBs mapped on RLC AM when the PDCP reordering function is used in downlink.
3
Conclusion
To alleviate the effect on TCP performance, of the PDCP-discarding behaviour currently mandatory to the UE, whose significance increases with the introduction of uplink bearer split, we propose use of PDCP SDUs of zero length in place of discarded uplink SDUs.
Proposal: agree the use of PDCP SDUs of zero length in place of PDCP-discarded uplink SDUs, for DRBs mapped on RLC AM when the PDCP reordering function is used in downlink.
The corresponding text proposal is given below.

Beginning of Text Proposal
5.4
PDCP discard

When 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.
When the discardTimer expires for a PDCP SDU, the UE shall:
-
if the DRB is mapped on RLC AM and the reordering function is used in downlink:

-
in the PDCP PDU, replace the PDCP SDU with a null SDU with zero length;
-
else:

-
discard the PDCP SDU along with the corresponding PDCP PDU;
-
if the corresponding PDCP PDU has already been submitted to lower layers:
-
indicate the discard to lower layers.
Next Modified Subclause
6.3.3
Data

Length: Variable

The Data field may include either one of the following:

-
Uncompressed PDCP SDU (user plane data, or control plane data); or

-
Compressed PDCP SDU (user plane data only).
On DRBs mapped on RLC AM when the reordering function is used, the uplink PDCP SDU may be a null SDU with zero length, replacing a discarded SDU. 
End of Text Proposal



