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1 Introduction 
Working assumption was taken on RAN3 #53bis that GTP-U is used on S1-U/X2-U. However, working assumption was also taken on the usage of sequence numbers on S1-U/X2-U that left the usage optional due to overhead considerations. Furthermore, it was decided that the node requesting the establishment of transport bearer would make the choice (to include/not to include sequence numbers) and signal the choice to the remote node in respective S1-C/X2-C protocol message.
In the present contribution we analyse the consequences of decision to keep the usage of sequence number optional. Our analysis reveals that benefits of the mandatory sequence numbers on S1-U/X2-U as proposed in ‎[1] are clearly worth the minor increase in the S1-U/X2-U overhead.
2 Sequence numbers
2.1 Overhead

Transport overhead have been calculated for GTP-U based tunneling protocol for various user IP packet sizes in ‎[2]. Similar end-user IP packet sizes are used in the calculations in Table 1 and Table 2. It can be seen that the total overhead increase is minor considering even header-compressed VoIP packets.
Table 1 S1-U packet length calculation without and with GTP sequence numbers in case of IPv4
	User IP packet size, octets
	S1-U IP packet length without GTP sequence numbers, octets
	S1-U IP packet length with GTP sequence numbers, octets
	Relative increase, %

	33

	73
	75
	2.7

	300
	340
	342
	0.6

	1500
	1540
	1542
	0.1


Table 2 S1-U packet length calculation without and with GTP sequence numbers in case of IPv6

	User IP packet size, octets
	S1-U IP packet length without GTP sequence numbers, octets
	S1-U IP packet length with GTP sequence numbers, octets
	Relative increase, %

	35

	95
	97
	2.1

	300
	360
	362
	0.6

	1500
	1560
	1562
	0.1


2.2 Need for observability

Observability of the performance of and the QoS provided by the LTE RAN is considered to be utmost important for the mobile network operator and the S1-U/X2-U contribution to performance/QoS degradation during the periods of high load are integral part of it. Considering the marginal overhead increase (described in chapter ‎2.1) that is lower that typical dimensioning uncertainty, the possibility to detect and be informed of the congestion has clearly higher value compared to possible savings in S1/X2 bandwidth.

Additionally, congestion detection based S1-U/X2-U sequence numbers could provide valuable feedback to traffic management functions, e.g. admission control for GBR transport bearers, that may not be effectively deployed if the congestion detection is not reliable.
2.3 Interoperability considerations
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. 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 tunnels.
However, it does not mean that no alternative solutions are introduced later. That in turn may lead to inefficient interoperability as different vendors may choose different alternatives proposed by 3GPP, IETF and/or ITU-T.
3 Conclusion and proposal

Based on our analysis, we find that despite the marginal increase in the S1-U/X2-U overhead, the S1-U/X2-U protocols should always provide capability to detect frame losses in order to inform the operator and possibly provide real-time feedback to traffic management functions to increase the performance of  and QoS provided by LTE RAN also during the periods of congestion. The usage of mandatory S1-U/X2-U sequence numbers would also simplify S1/X2 procedures as inclusion of sequence numbers per transport bearer does not have to be explicitly signaled in the respective S1-C/X2-C procedure.

Therefore it is proposed that S1-U/X2-U mandate the usage of transport bearer specific GTP sequence numbers. 
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