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1
Introduction
RAN2#90 discussed the reordering delay caused to MeNB PDCP by the currently specified PDCP discard by the UE, in the case of split bearer, and concluded with the following:
Three options
1) Leave it up to eNB implementation without NOTE
2) Leave it up to UE implementation (e.g. re-association, process PDCP SDU when UL grant is received) by NOTE
3) Introduce Zero PDU
=>
Postponed to the next meeting.
(Here, “Zero PDU” seems to refer to zero-length SDU, or put differently, a header-only PDU.) This contribution continues the discussion.
2
Discussion of different options
2.1
Leaving it to MeNB implementation
This option is based on the following assumption made in [1]:
So, once a PDCP PDU with SN X is received by PDCP from the SCG RLC or MCG RLC, the PDCP entity in receiving side can assume that the PDCP PDU with “smaller” SN <...> should not be received in this branch.
We give two counterexamples where this assumption does not hold.
Example 1: out-of-order delivery over X2. Already during Rel-12 dual-connectivity discussions it became apparent that the X2 interface is not required to, and therefore does not, always deliver packets in order. The above assumption would turn an out-of-order delivery of uplink PDCP PDUs from SeNB to MeNB into a packet loss among PDCP SDUs delivered by the MeNB PDCP towards to core network, with impact to TCP.

Example 2: PDCP PDUs flushed by SeNB-RLC. E.g. at intra-SeNB SCG-change, the SCG RLC is re-established and PDCP Data recovery is invoked. In this case, there is no way for the MeNB to tell uplink PDCP PDUs that the SeNB RLC has delivered regularly to upper layer from those that it has flushed. As a result, it cannot tell PDCP PDUs not yet received by the SeNB RLC before it re-established, from those discarded by the UE.
Observation 1: 
The MeNB-implementation option of recognizing UE-PDCP discard, based on assuming reception of monotonously increasing PDCP SNs per interface, does not work e.g. in the cases of out-of-order delivery over X2, or SeNB-RLC flush at intra-SeNB SCG change.

2.2
Avoiding SN gaps by UE implementation
As we discuss in [2], this means either violating the currently mandated discarding behaviour, or delay-critical ciphering of SDUs.
One variant was proposed in [3], in which the UE re-associates the PDCP SNs of SDUs that follow a discarded SDU if it is not yet submitted to RLC: this way, delay-critical ciphering can be avoided by early submission of SDUs to RLC. Because this was proposed on top of the current PDCP-discard behaviour where a discard progresses to RLC whenever possible, such early submission to RLC would not reduce the likelihood of PDCP-SN gaps, on the contrary. In fact, as also pointed out in [4, 5], such early submission to RLC comes with the risk of PDCP data getting stuck at an RLC with the poorer throughput. This increases the likelihood of discard-timer expiries and resulting PDCP-SN gaps even further.
Observation 2:
Unless made ineffective by early submission of SDUs to RLC (in which case PDCP-SN gaps are not prevented and data can get stuck in a slower link), leaving the prevention of SN gaps among transmitted PDCP PDUs to UE implementation means either violating the currently mandated discarding behaviour, or delay-critical ciphering of SDUs.

In fact, the discard timer can also expire for an SDU after its initial transmission by RLC, but before a PDCP retransmission is supposed to take place e.g. at PDCP data-recovery procedure. If SDUs with higher SN have already been RLC-ACKed, SN re-association is no longer possible. Then there is no way for a UE implementation to both adhere to the currently mandated discarding behaviour, and prevent PDCP-SN gaps from occurring. Even if SN re-association at that point is possible, it can mean massive batch re-ciphering of SDUs.
Observation 3:
In the case where an SDU is to be discarded after RLC-ACK of following SDUs but before its PDCP retransmission, there is no way for a UE implementation to both adhere to the currently mandated discarding behaviour, and prevent PDCP-SN gaps from occurring.
2.3
New PDCP Control PDU to report the SN of the discarded PDCP SDU
This was proposed in [6]. The main question that arises with this option is how to regulate the sending of such control PDUs. Should the UE generate and send such a PDU at every discarding of an SDU, and if not, how long should the UE wait before finally informing the peer PDCP about the discarding?

Observation 4:
If a new PDCP Control PDU was to be used to report SNs of discarded SDUs, it is unclear how to regulate the sending of such Control PDUs when frequent discarding takes place.
2.4
Use of PDCP SDUs of zero length in place of PDCP-discarded SDUs
It was identified in [7] that this comes with different alternatives (highlighting added):
Option 2-1: header-only PDCP PDU is generated when PDCP PDU (before submission to lower layer) or corresponding RLC SDU (after submission to lower layer) is actually discarded (i.e. it is not generated only because PDCP inform RLC about discard)

Option 2-2: header-only PDCP PDU is generated when PDCP PDU (before submission to lower layer) is discarded. If the corresponding PDCP PDU has already been submitted to the lower layer, PDCP does not indicate RLC about PDCP discard. 
It is easy to see that the highlighted parts are common to both options: a header-only PDU is generated at least whenever a PDCP PDU not yet submitted to RLC is discarded. Hence there seems to be no reason to leave that case up to UE implementation. 

In addition, with reference to the case in Observation 3 above, it is important to make sure that the discarding takes effect also in possible PDCP retransmission. Therefore, the SDU shall always be discarded at PDCP.

Proposal:
To ensure that PDCP discard keeps taking effect also in PDCP retransmissions, at PDCP the UE shall replace PDCP-discarded uplink SDUs with null SDUs of zero length, for DRBs mapped on RLC AM when the PDCP reordering function is used in downlink.
3
Conclusion
This contribution continues the discussion on PDCP discard in the uplink of split bearers, and concludes with the following.
Observation 1: 
The MeNB-implementation option of recognizing UE-PDCP discard, based on assuming reception of monotonously increasing PDCP SNs per interface, does not work e.g. in the cases of out-of-order delivery over X2, or SeNB-RLC flush at intra-SeNB SCG change.

Observation 2:
Unless made ineffective by early submission of SDUs to RLC (in which case PDCP-SN gaps are not prevented and data can get stuck in a slower link), leaving the prevention of SN gaps among transmitted PDCP PDUs to UE implementation means either violating the currently mandated discarding behaviour, or delay-critical ciphering of SDUs.

Observation 3:
In the case where an SDU is to be discarded after RLC-ACK of following SDUs but before its PDCP retransmission, there is no way for a UE implementation to both adhere to the currently mandated discarding behaviour, and prevent PDCP-SN gaps from occurring.

Observation 4:
If a new PDCP Control PDU was to be used to report SNs of discarded SDUs, it is unclear how to regulate the sending of such Control PDUs when frequent discarding takes place.
Proposal:
To ensure that PDCP discard keeps taking effect also in PDCP retransmissions, at PDCP the UE shall replace PDCP-discarded uplink SDUs with null SDUs of zero length, for DRBs mapped on RLC AM when the PDCP reordering function is used in downlink.

The corresponding text proposal is given below.
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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



