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1
Introduction
During the last RAN2 meeting, RAN3 indicated in [R3-131538] that
-
packet loss over Xn can be assumed to be rare in reasonable load conditions but this cannot be guaranteed in high load or overload situations.

-
it is possible that the Xn deliver packets in wrong order, but this is assumed to be rare in reasonable load conditions. Assuming, as example, that Xn re-uses the X2 UP protocol stack as defined in TS 36.424, GTP-U as defined in TS 29.281 provides the possibility to indicate sequence numbers which enables the receiving node to perform reordering. 
If losses were to be avoided, SCTP would have to be used to carry user-plane traffic over Xn. If in-sequence delivery was to be guaranteed, GTP-U sequence numbers would have to be used in combination with reordering buffers. Since this has not been required over X2 for the user plane, we see no reason why this should now be required over Xn - a non-ideal backhaul interface - as it would seriously increase complexity and overhead. 
The purpose of this contribution is therefore to investigate what happens to the radio protocols considered for SCE [36.842] when losses and out-of-sequence delivery occur over Xn.

2
Background
It is first important to understand the capabilities of the existing radio protocols with respect to possible losses and out-of-sequence delivery between the SAPs of the peer entities.
Because the occurrence of HARQ retransmissions and RLC retransmissions result in having RLC PDUs reaching the peer entity out-of-sequence, RLC takes care of re-ordering and delivers RLC SDUs to PDCP in ascending order of the RLC SN for both RLC-UM and RLC-AM bearers [36.322]. 
Observation 1: RLC takes care of the reordering of RLC SDUs/PDCP PDUs on RLC-UM and RLC-AM bearers.
Because HARQ cannot guarantee a lossless delivery of SDUs, some gaps in the sequence of RLC SDUs delivered to PDCP may occur on RLC-UM bearers. It is however assumed that the gap will be short enough to avoid HFN de-synchronisation i.e. that less than the PDCP SN-space of PDCP PDUs are lost (128 or 4096 PDCP PDUs for 7 bits or 12 bits SN respectively) [36.323].

Observation 2: some gaps in the sequence of RLC SDUs delivered to PDCP may occur on RLC-UM bearers but more than PDCP SN-space consecutive PDCP PDUs lost by lower layers leads to HFN de-synchronisation (128 or 4096 PDCP PDUs for 7 bits or 12 bits SN respectively).

Because RLC-AM guarantees lossless delivery, one may expect that no losses are tolerated by PDCP on RLC-AM bearers. However, we first need to look at the mechanism agreed to handle re-establishment. At re-establishment, the reordering buffers are flushed and RLC delivers RLC SDUs to PDCP in ascending order of the RLC SN. One fundamental difference between RLC-UM and RLC-AM is while PDCP SNs are reset in the target eNB for RLC-UM bearers, they are maintained for RLC-AM bearers to provide in-sequence delivery and duplicate detection also during handover with data forwarding. In order to do so, first a reordering window at handover was agreed [36.323v810], then it was changed to “duplicate discard window” at handover [R2-082876] and finally it was agreed to apply the behaviour always and remove the flush_timer [R2-086314]. As a result, when the UE receives a PDCP SDU, it delivers it to higher layer together with all PDCP SDUs with lower SNs regardless of possible gaps and in ascending order of the SNs [36.323]. In effect, a receive window that was originally introduced to cope with possible forwarding losses over X2 during handover now also handle losses during normal operation. PDCP can then handle losses for RLC-AM bearers as long as less than PDCP SN-space consecutive PDCP PDUs are lost (4096 or 32768 PDCP PDUs for 12 bits or 15 bits SN respectively).
Observation 3: for RLC-AM bearers, PDCP operates a duplicate discard window which upon reception of a new PDU, delivers to higher layer PDCP SDUs with lower SNs + that PDCP SDU in ascending order of the SNs and regardless of possible gaps. More than PDCP SN-space consecutive PDUs lost by lower layers leads to HFN de-synchronisation (4096 or 32768 PDCP PDUs for 12 bits or 15 bits SN respectively).
3
Xn Deficiencies
Xn deficiencies (namely losses and out-of-sequence delivery) matters to the radio protocol stack as soon as Xn is involved between the SAPs of the layers. This is the case for three alternatives considered for the user plane: alternatives 2C, 3C and 3D depicted on Figure 1 below.
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Figure 1: Main User Plane Alternatives for SCE
3.1
Losses
In this subclause we analyse the impacts of Xn Losses on the radio protocols of alternatives 2C, 3C and 3D.
Alternative 2C: as explained in subclause 2, PDCP does not expect a lossless delivery from RLC and therefore no problems are envisioned by having losses on the Xn interface between RLC and PDCP as long as those losses are limited in duration to avoid HFN de-synchronisation i.e. :

-
for RLC UM bearers, as long as the combined losses of consecutive PDCP PDUs due to HARQ at SeNB and due to Xn do not exceed the PDCP SN-space (128 or 4096 PDCP PDUs for 7 bits or 12 bits SN respectively);
-
for RLC AM bearers, as long as the losses of consecutive PDCP PDUs over Xn do not exceed the PDCP SN-space (4096 or 32768 PDCP PDUs for 12 bits or 15 bits SN respectively).

NOTE:
RLC AM is assumed to be able to recover from HARQ errors.

Alternative 3C: similarly as for alternative 2C, HFN de-synchronisation can be avoided at the receiver by having limited losses on Xn i.e.:

-
for RLC UM bearers, the combined losses of consecutive PDCP PDUs due to HARQ at MeNB and SeNB, and due to Xn should not exceed the PDCP SN-space (128 or 4096 PDCP PDUs for 7 bits or 12 bits SN respectively).;
-
for RLC AM, the losses of consecutive PDCP PDUs over Xn should not exceed the PDCP SN-space (4096 or 32768 PDCP PDUs for 12 bits or 15 bits SN respectively).

But because Alternative 3C always require a reordering window to handle the two streams originating from the same bearer, any losses over Xn will stall the PDCP window until a reordering timer expires.

Alternative 3D: at RLC level, Xn losses can be compared to HARQ losses i.e. in a similar fashion as today, for RLC UM, the RLC reordering window will stall until a reordering timer expires at RLC and for RLC AM, the Xn losses will be recovered by RLC retransmissions.

Observation A: Xn losses can always be gracefully handled by Alternative 3D. For Alternative 2C and 3C, Xn losses lead to HFN de-synchronisation when a large number of consecutive PDCP PDUs are lost over Xn and neither alternative can recover such losses for RLC AM bearers - unlike Alternative 3D.
3.2
Out-of-sequence delivery
In this subclause we analyse the impacts of out-of-sequence delivery by Xn on the radio protocols of alternatives 2C, 3C and 3D.

Alternative 2C: PDCP cannot handle out-of-sequence delivery from RLC-UM bearers as the reception of a single PDCP PDU with an SN smaller than the expected SN leads to HFN increment always i.e. out-of-sequence delivery leads to HFH de-synchronisation. For RLC-AM bearers, PDCP can handle out-of-sequence delivery but at the cost of increased losses (subsequent PDUs received with a smaller SN are always discarded).
Alternative 3C: a reordering window being anyway required to handle the two streams originating from the same bearer, out-of-sequence delivery over Xn is not envisioned as having an impact.
Alternative 3D: out-of-sequence delivery over Xn being comparable to out-of-sequence delivery due to HARQ at SeNB, no impact is foreseen.

Observation B: out-of-sequence delivery over Xn can be handled by alternatives 3C and 3D. For alternative 2C, out-of-sequence delivery for RLC-UM bearers lead to HFN de-synchronisation while out-of-sequence delivery for RLC-AM bearers lead to increased losses. The former can be considered as a serious issue while the later a drawback.
4
Conclusion
This contribution has analysed the impacts the deficiencies of the Xn interface would have on the radio protocols considered for SCE. Two observations were made:
Observation A: Xn losses can always be gracefully handled by Alternative 3D. For Alternative 2C and 3C, Xn losses lead to HFN de-synchronisation when a large number of consecutive PDCP PDUs are lost over Xn and neither alternative can recover such losses for RLC AM bearers - unlike Alternative 3D.
Observation B: out-of-sequence delivery over Xn can be handled by alternatives 3C and 3D. For alternative 2C, out-of-sequence delivery for RLC-UM bearers lead to HFN de-synchronisation while out-of-sequence delivery for RLC-AM bearers lead to increased losses. The former can be considered as a serious issue while the later a drawback.
In conclusion, Alternative 3D is best suited to cope with Xn deficiencies. Alternative 3C should be able to work as long as congestion over Xn does not lead to a massive drop of packets. Alternative 2C is less suited to cope with Xn deficiencies, especially for the support of RLC-UM bearers where a single packet received out of-sequence would lead to HFN desynchronisation. We believe it is crucial not to ignore possible network deficiencies and would therefore suggest to either mandate reordering at PDCP for alternative 2C, or exclude the support of RLC-UM bearers.
Proposal: for alternative 2C, either mandate reordering at PDCP or exclude the support of RLC-UM bearers.

_1439745292.vsd
MeNB


PDCP


RLC


MAC


SeNB


PDCP


RLC


MAC


S1


S1


MeNB


PDCP


RLC


MAC


SeNB


PDCP


RLC


MAC


S1


Xn


Alternative 1A


Alternative 2A


MeNB


PDCP


RLC


MAC


SeNB


PDCP


RLC


MAC


S1


Xn


Alternative 2C


MeNB


PDCP


RLC


SeNB


PDCP


RLC


MAC


S1


Xn


RLC


MeNB


PDCP


RLC


SeNB


PDCP


RLC


MAC


S1


Xn


RLC


MAC


MAC


Alternative 3C


Alternative 3D



