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Information
1
Introduction
During the last RAN2 meeting, the properties of the Xn interface were discussed. In particular, whether Xn can guarantee lossless and in-sequence delivery was questioned. In this contribution, we would like to bring RAN2 attention to what was already discussed in the early days of LTE for the S1 and X2 interface. This contribution is only for information as a more complete version is submitted to RAN3 [R3-131327]
2
S1 and X2 Interfaces
In LTE, possible losses and out-of-sequence delivery over S1 and X2 only become visible to radio protocols of the UE and the eNB during handover when dealing with data forwarding. And so, at the end of 2006, when discussing the handling of forwarded data over S1 and X2 at handover, RAN2 seeked RAN3 guidance by asking the following questions [R2-063629]:

During RAN2 #56 the need for a reordering function was discussed and it appeared that companies had different assumptions on the amount of out-of-sequence reception and losses that can happen over the S1 and X2 interfaces. […]
In addition, RAN2 would like to understand if the S1 and X2 characteristics (out-of-sequence frequency and severity, losses) would be different for user plane packets and NAS signalling packets.

RAN WG2 kindly asks RAN WG3 to provide an estimation of the frequency and severity of out-of-sequence reception as well as losses that can be expected over the S1 and X2 interfaces for user plane packets and NAS signalling packets.

In response, RAN3 wrote back to RAN2 the following [R2-070310]:
RAN3 thanks RAN2 for the LS asking RAN3 to provide an estimation of the frequency and severity of out-of-sequence reception as well as losses that can be expected over the S1 and X2 interfaces for user plane packets and NAS signalling packets.[…]
The LTE (E-UTRAN) will use the UDP/IP as the transport for user plane. In general, UDP/IP does not guarantee in-sequence delivery of UDP datagrams. Therefore, the in-sequence delivery cannot be guaranteed unless a mechanism is introduced such as the use of GTP sequence number on top of UDP. […]
For data losses, it is expected that they may occur during congestion in the transport network. It is assumed that both packet loss and out of sequence arrival of packets should be abnormal events that are expected to be rare if the dimensioning of the transport network of the E-UTRAN is well managed 

For the NAS signalling packets, it is the RAN3 decision that the NAS signalling will be transferred by the SCTP in the S1 interface and because the in sequence and re-transmission scheme are supported by SCTP, the out-of-sequence arrival is not an issue for NAS signalling on S1 interface.
In summary, although a well managed transport network should minimise data losses and out-of-sequence delivery, there is no guarantee that it can never happen for the user plane. 
Observation: S1 and X2 cannot guarantee lossless and in-sequence delivery for the user plane.
As a result, PDCP was designed to handle those deficiencies without causing any deadlock [36.323]: the window operates in such a way that it provides in-sequence delivery of upper layer PDUs at re-establishment of lower layers, and ignores possible gaps in the received sequence.

Observation: PDCP includes mechanisms specifically tailored to cope with possible data losses and out-of-sequence delivery over S1 and X2 at handover.
3
Conclusion
Based on the above, we see no reason to deviate from the S1 and X2 principles, especially when the SCE SI focuses on non-ideal backhaul, and thus similarly as S1 and X2, Xn should not be required to provide lossless and in-sequence delivery for the user plane. The consequence for RAN2 is that when designing the U-Plane architecture, we need to ensure that it can cope with such deficiencies, as was already done in Rel-8 at PDCP.
We expect RAN3 to make a decision on Xn properties and RAN2 to design the radio protocols accordingly.
