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1 Introduction 
RAN3 TR 25.912 defines S1-U protocol as a tunneling protocol between eNB and UPE that provides the mechanism to detect packet loss. Furthermore, the S1-U and X2-U are considered to use the same protocol with the same requirements on packet loss detection. Additionally RAN2 TR 25.813 defines the method for handling SDU-s buffered, but not yet acknowledged, at intra-LTE mobility. The latter could result in packets out-of-sequence that is in a number of circumstances considered preferential to be treated by the network (the alternative would be to deliver packets out-of-sequence to the Ue that should provide in-sequence delivery to higher layers e.g. based on the PDCP sequence numbers).
We analyse in the present contribution different alternatives to fulfill the requirements listed above. Our analysis reveals that considerable complexity gain and independence of the used Transport Network Layer Infrastructure can be achieved if tunneling protocol with frame sequence numbers is used on S1-U and X2-U.
2 S1-U and X2-U tunneling protocol
In this section, we analyze the different alternatives to fulfill the following requirements:

1. Packet loss detection for the sake of congestion detection and observability;
2. Packet re-ordering due to transmission of SDU-s buffered, but not yet acknowledged, at intra-LTE mobility and/or TNL out-of-sequence delivery.
2.1 No usage of sequence numbers
2.1.1 Congestion detection

IP and the underlying L2 networks most commonly indicate congestion by discarding packets/frames and it is up to transport layer protocol (according to OSI reference model) or even the application to detect the loss if needed. Often IP networks provide Explicit Congestion Notifications (ECN), see ‎[3], to end-points of transport protocols that are ECN capable. While ECN provides more graceful, i.e. (up to some extent) loss-less, way to warn about congestion, it is typically intended for transport protocols that are capable of regulating the data rate provided to the network, e.g. TCP. Although 3GPP has not yet defined the protocol stack for S1-U/X2-U, it has been defined as a tunneling protocol that does not include S1-U/X2-U specific flow control. Hence the most likely transport layer protocol used on S1-U/X2-U is UDP while UDP end-points are generally not considered as ECN capable. Furthermore ECN is often deployed together with some type of packet discard policy and not provided at all if the actual transport network infrastructure is realized as some type of L2 network.
2.1.2 Observability

IETF and ITU-T have a number of ongoing investigations to provide mechanisms for measuring the packet loss characteristics at the end-points of the IP network (segment) where both active and passive methods are considered. 
However there is currently no single method identified to perform continuous measurement of packet losses:

1. without disturbing the ongoing traffic in potentially already congested network;
2. in an aggregated manner between one (or few) Host in the eNB and multiple UPE-s with often multiple Hosts in each UPE without additional common IP network gateway node (that of course assumes no packet loss between the UPE and IP network gateway);
3. to monitor on the actual end user level in case the network infrastructure requires additional segmentation due to overhead of the S1-U/X2-U tunnel.
2.1.3 Packet re-ordering in target-eNB

The only common case of out-of-sequence packets in eUTRAN is the packet forwarding from source-eNB to target-eNB. However, packet re-ordering at inter-eNB mobility in target-eNB could be handled without any sequence numbers by simply transmitting the packets forwarded over X2-U before packets received over S1-U.
2.2 Usage of sequence numbers
Sequence numbers inherently provide capability to detect congestion and observe the packet loss at the tunnel end-points. Three alternatives could be considered:
a) sequence numbers provided by “higher layer” protocol, e.g. PDCP;

b) UPE context specific S1-U/X2-U sequence numbers; and
c) Transport bearer specific S1-U/X2-U sequence numbers.

Note: the transport bearer is here defined by the tunnel source and destination end-point identifiers.

2.2.1 Sequence numbers provided by “higher layer” protocol
Re-usage of the sequence numbers provided by the “higher layer”, e.g. PDCP, has number of advantages:

1. Minimize the overhead introduced by different protocol layers;

2. Common sequence number basis in all involved nodes – UPE, eNB, Ue – for re-ordering in case of in-sequence delivery is required.
However some limitations with this method should be considered as well:
1. It is generally considered not a good practice to break the layered model as it could introduce undesirable dependencies/limitations to protocol evolution. See further analysis/discussion in ‎[4].
2. Considering inter-eNB mobility, it would not be possible to provide X2-U specific congestion detection/observability in the down link (without additional control data) as packet loss on S1-U between UPE and the source-eNB can not be distinguished from the packet loss on X2-U in the target-eNB.

3. Also the S1-U specific downlink congestion detection/observability could be limited if e.g. the last packet(s) transmitted over X2-U and the first packet(s) transmitted from UPE to the target-eNB are discarded.
2.2.2 UPE context specific S1-U/X2-U sequence numbers

The benefits of using UPE context based S1-U sequence numbers are:
1. Preservation of the layered model;

2. Possibility to perform packet re-ordering in target-eNB at inter-eNB mobility based on common sequence numbers on S1-U and X2-U if the X2-U is considered as prerequisite for S1-U.

UPE context based S1-U sequence numbers has also number of limitations:

1. Additional overhead on S1-U/X2-U;

2. Different behaviour should be applied in the downlink and uplink as in the uplink only transport bearer specific sequence numbers could be used as the target-eNB is not aware of the point of sequence it should continue from at the inter-eNB mobility;
3. Provided that S1-U does not require the existence of X2-U, it is not possible to detect the loss of first packets at inter-eNB mobility without additional support from S1-C;

4. If the X2-U is considered as prerequisite for S1-U at inter-eNB mobility then it would not be possible to provide X2-U specific congestion detection/observability in the down link (without additional control data) as packet loss on S1-U between UPE and the source-eNB can not be distinguished from the packet loss on X2-U. 
5. Also the S1-U specific downlink congestion detection/observability could be limited if e.g. the last packet(s) transmitted over X2-U and the first packet(s) transmitted from UPE to the target-eNB are discarded.

2.2.3 Transport bearer specific S1-U/X2-U sequence numbers

The benefits of using transport bearer specific S1-U/X2-U sequence numbers are:

1. Preservation of the layered model;

2. Independence of S1-U and X2-U;

3. Symmetrical handling of uplink and downlink on S1-U;

4. Possibility to always detect the packet loss on S1-U;
5. Possibility to always detect the packet loss on X2-U.
Transport bearer specific S1-U sequence numbers have the following drawbacks:

1. Additional overhead on S1-U/X2-U;

2. No common sequence number space for packet re-reordering in target-eNB at inter-eNB mobility. However, packet re-ordering at inter-eNB mobility in target-eNB could be handled without any sequence numbers by simply transmitting the packets forwarded over X2-U first.
3 Conclusion and proposal

Based on our analysis, we find that the usage of transport bearer specific S1-U/X2-U sequence numbers provides the most robust way to fulfill the requirements set by ‎[1] and ‎[2] independent of the underlying transport network infrastructure and the capabilities of it. Therefore we suggest to define: 
a) S1-U as tunneling protocol that includes transport bearer specific sequence numbers in both uplink and downlink; and
b) X2-U as tunneling protocol that includes transport bearer specific sequence numbers in downlink;
c) If 3GPP decides to use GTP-U on S1-U/X2-U then mandate the usage of GTP-U sequence numbers on S1-U/X2-U as defined in bullets (a) and (b) above. This is required because sequence numbers are defined as optional in ‎[5].
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