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1. Introduction

LTE QoS concept requires the support of E2E QoS in order to guarantee the most demanding services are delivered with the best quality. This E2E QoS support also refers to the backhaul network that supports the S1 interface connecting eNBs and EPS. In reality QoS is not always supported all the way through the backhaul and, what is more, backhaul is expected to be the network bottleneck in some deployment scenarios. 
At the same time backhaul cannot be considered as a static link with a fix bandwidth. Indeed backhaul solutions like broadband connections (e.g. VDSL2, FTTH with GPON) or Packet MWR with adaptive modulation schemes (i.e. with variable capacity depending upon the radio link conditions e.g. weather) are candidate cost effective options for LTE backhauling that cannot be disregarded. In such kind of backhaul network, when strong congestion occurs, packet losses could indiscriminately affect all packet types regardless of their DSCP setting. 

This paper introduces the concept of TNL congestion indication for S1-U. This is a similar concept to the one applied in 3G for Iub/Iur congestion control as described in [1] and specified in [2]. The need for such an indication is presented first. The rationale for exchanging a UL and DL TNL congestion indication over S1 is then presented.
2. Need for S1-U TNL congestion indication

This section describes the rationale for having UL and DL TNL congestion indication at both S-GW and eNB sides.
2.1 UL S1-U TNL congestion indication for eNB scheduler
The definition of UL S1-U TNL congestion indication would be useful for eNB scheduler in case of congestion on the UL S1-U link. This use case is the same as the one already specified for UMTS (see [1]

 REF _Ref193731246 \r \h 
[2] for further information). In that case, UL TNL congestion is detected by the RNC. Then, a TNL congestion indication is sent by the RNC to the NodeB. Upon reception of a congestion indicator for a certain UE, the NodeB can lower the bit rate of at least this particular user or of the lowest priority traffic, such that the congestion situation is solved. Such a mechanism enables to limit useless retransmissions over the radio interface in case packets are dropped due to backhaul congestion in the uplink.
As backhaul is expected to be the network bottleneck in some deployment scenarios for LTE, it is believed that such a rationale to specify UL S1-U TNL congestion indication is still valid for LTE. It would be a valuable input for eNB scheduler.
2.2 DL S1-U TNL congestion indication for S-GW
Similarly to what is being proposed for UL, it is believed that DL S1-U TNL congestion indication would be useful for S-GW in case of congestion on the DL S1-U link. It would limit useless TCP retransmissions that would be harmful in case packets are dropped due to backhaul congestion in the downlink. Thus, DL S1-U congestion indication would be a valuable input for S-GW as it would enable the S-GW to decrease the DL rate of the congested flow or of the lowest priority traffic.

2.3 UL & DL S1-U TNL congestion indication for load balancing SON use case
It was highlighted in [3] that load information exchanged between nodes for load balancing purpose shall not only inform nodes on load status for radio but also on load status for eNB hardware processing and for transport network resources.

Without interaction between eNB / S-GW and transport nodes, it is a tricky task to specify the actual load information for S1-U as the available bandwidth cannot be considered as a static value. It is considered that the knowledge by eNB of S1-U TNL congestion for both UL and DL would be a minimal useful indication for load balancing purposes.
3. UL & DL S1-U TNL congestion detection
Two kinds of mechanisms can be envisaged to detect the UL and DL transport network congestion:
· UL and DL S1-U congestion detection performed locally in both S-GW and eNB without any additional signaling over S1 (described in section 3.1).

· UL S1-U congestion detection performed in S-GW and DL S1-U congestion detection performed in eNB with an additional signaling over S1 (described in section 3.2).
3.1 Local detection of UL & DL S1-U congestion in S-GW and eNB 

Signalling over S1 interface shall be reduced as much as possible. Thus, the first solution to envisage is the detection of UL & DL S1-U TNL congestion internally in both S-GW and eNB. Such a solution implies the support of monitoring functions for both S1-U UL and DL in S-GW and eNB. In addition, the detection of congestion for both DL and UL is supposed to be quite tricky within the same node.
For instance, there is no obvious solution to detect DL S1-U congestion in S-GW. Likewise, the detection of UL S1-U congestion in eNB is not straightforward. That’s' why local detection of S1-U congestion is not seen as feasible.
3.2 Local detection of UL S1-U congestion in S-GW and DL S1-U congestion in eNB
In 3G, RNC performs the detection of TNL congestion for UL Iub and sends the corresponding indication to NodeB. This indication is either sent when frame loss is detected or when delay build-up is detected.

The same principle could be applied to detect:

· the UL S1-U congestion in S-GW,

· the DL S1-U congestion in eNB.
A solution could consist in monitoring the sequence numbers in the GTP-U headers to detect packet losses.

Then, once congestion has been detected, the receiving node should have a means to notify to the source of congestion (sending node) that congestion has occurred. 
4. Proposal

It is proposed to discuss the text proposal included in section 5, aiming at introducing TNL congestion indication for both UL and DL S1-U over the S1 interface.
5. Text proposal for TS 36.300

19.2.2.7.3
S1 TNL congestion indication procedure
19.2.2.7.3a
UL S1 TNL congestion indication procedure
This procedure is used by the S-GW to signal that a transport network congestion situation on UL S1 has been detected. 
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Figure 19.2.2.7.3a: UL TNL Congestion Indication procedure
19.2.2.7.3b
DL S1 TNL congestion indication procedure

This procedure is used by the eNB to signal that a transport network congestion situation on DL S1 has been detected. 
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Figure 19.2.2.7.3b-1: DL TNL Congestion Indication procedure
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