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1.
Introduction
In the previous RAN2 meetings, some agreements were made on PDCP reordering for split bearers
	RAN2#85 agreements
0
We do not support RLC UM bearers in split mode.

1
RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers.

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.


Based on the agreements, we can assume that PDCP reordering would use Pull Window scheme, where the reordering window is advanced by a PDCP PDU with highest PDCP SN.

In this document, we analyze the impact of missing PDU on PDCP reordering. 
2.
Discussion
As the split bearer utilizes only RLC AM, there would be no missing PDUs in normal situation. However, in certain cases, PDCP PDUs transmitted via SeNB link may not be received by the UE, due to one of following reasons:
-
PDCP PDU is lost in X2 interface, or
-
PDCP PDU is discarded at SeNB

In the UE side, if there is a missing PDU, delivery of the following PDUs are delayed until when:

- 
the reordering timer expires, or

-
a new PDU is received and the reordering window is advanced so that the missing PDU becomes outside of the reordering window

Therefore, the missing PDU may degrade the overall throughput of the split bearer.
However, we have to think about how frequent the missing PDU happens and how significant the impact of missing PDU if it happens.
For X2 loss, RAN2 has following agreements. 
	RAN2#83 Agreements

1
Losses may occur mainly in case of TN congestion. Re-ordering on the TN may be considered an abnormal even. In case of losses and reordering the UP protocols shall not stall but they do not need to correct them either.


The agreement shows that in a reasonable load condition, the probability of X2 loss is very low. Only in X2 congestion case, the X2 loss may be visible. However, even in X2 congestion case, we think the probability of X2 is less than 10^-3.
The SeNB discard typically happens when the SeNB buffer is overflown due to the congestion in SeNB-Uu interface. We think the probability of the SeNB discard is still low, but RAN2 and RAN3 even consider the flow control mechanism in X2 interface.

	RAN2#85bis agreements

1
The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB.
RAN3#83bis agreements
-
Feedback of PDCP PDUs successfully or failed transmitted to the UE necessary, PDCP SN based (assume PDCP SN Available at SeNB as example PDCP SN forwarded in GTP-U header in each packet or eNB can look the PDCP header)

-
DL flow control

-
Constant feedback

-
Feedback of acceptable buffer size 

-
WA the feedback be provided on U-Plane


Given that the flow control mechanism is used in X2 interface, PDCP PDU discard at SeNB would happen only in rare case. Moreover, the flow control mechanism can also control the X2 load, and the probability of X2 loss would also be very low.
Observation1. With X2 flow control mechanism, the probability of X2 loss and SeNB discard is very low.

Even with very low probability, it is possible that a PDCP PDU is missing, i.e. lost in X2 interface or discarded at SeNB. If it happens, all the following PDUs are stalled in reordering buffer until the reordering is expired or the reordering window is advanced. 
During high rate data transmission, the impact of missing PDU is not significant. The reordering window will be anyway advanced soon, because large number of PDUs is transmitted in a short period.
Observation2. For high rate data transmission, the impact of missing PDU is negligible.

The impact may be visible, though not significant, when the missing PDU happens during low rate data transmission or at the end of data transmission. In this case, delivery of the following PDUs relies only on the reordering timer, as the reordering window would not be advanced until the timer expiry.
However, in case of low rate data transmission or end of data transmission, there would be no congestion problem in both X2 and Uu interfaces. Then, the probability of missing PDU would be extremely low in these cases.  
Observation3. For low rate data transmission or end of data transmission, the impact of missing PDU may be visible, but the probability is extremely low.
With three observations above, we can conclude that the RLC UM like PDCP reordering scheme does not need to be enhanced for handling missing PDUs due to X2 loss or SeNB discard.

Proposal1. PDCP reordering scheme does not need to be enhanced for handling missing PDUs due to X2 loss or SeNB discard.
3.
Proposal
For the probability and impacts of missing PDU due to X2 loss or SeNB discard, we have following observations.

Observation1. With X2 flow control mechanism, the probability of X2 loss and SeNB discard is very low.

Observation2. For high rate data transmission, the impact of missing PDU is negligible.

Observation3. For low rate data transmission or end of data transmission, the impact of missing PDU may be visible, but the probability is extremely low.

With these observations, we have following proposal.

Proposal1. PDCP reordering scheme does not need to be enhanced for handling missing PDUs due to X2 loss or SeNB discard.
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