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Abstract of the contribution: This document provides the motivation of introducing the TCP proxy function in GGSN/PGW to improve the TCP’s throughput in the 3GPP networks.

1 Improving TCP throughput is important in 3GPP Network
1.1 Improving TCP throughput highly improves User Experience

Most Internet applications rely on the TCP to deliver data reliably across both the wired and wireless network. Statistics show that TCP traffic dominates mobile internet. In some areas, almost 95% traffic in China Mobile’s 2/3G networks are carried by TCP flows. Similar results are also reported in other operator’s networks. Another investigation on mobile Apps accessing Internet reveals that about 90% mobile Apps are heavy HTTP (carried exclusively on TCP flows) users. Therefore, improving TCP throughput is important for improving user experiences.

1.2 Standard TCP in Wired Network
The TCP was primarily designed for the wired network. In wired networks random BER (bit error rate) is negligible and congestion is the main cause of packet loss. TCP reacts to any packet losses by dropping its transmission (congestion) window size before retransmitting packets, initiating congestion control or avoidance mechanism (e.g., slow start). These measures result in a reduction in the load on the intermediate links, thereby controlling the congestion in the network. 
1.3 Packet loss in the cellular network 
In cellular network, there are lot of factors (e.g., weather conditions, urban obstacles, multi-path interferences, limited coverage, mobility of the handset, etc.,) leading to unstable air-link. As a result, wireless links exhibit much higher BERs than wired links. Since all packet losses are considered as network congestion in standard TCP, packet loss caused by the high BER of the wireless link would trigger the TCP sender to reduce its sending rate unnecessarily. This leads to the drastic decrease of TCP’s throughput in the cellular network.
2 Introducing TCP proxy at the GGSN/PGW can significantly improve the TCP’s throughput
2.1 TCP’s throughput can be improved by introducing the TCP proxy in 3GPP Network
The TCP proxy is transparent to UE and Server, and there are several modes of deploying the TCP proxy into operator networks, the TCP proxy can be deployed in the GW, as shown in Fig. 1. The TCP proxy interworks with both the sender and the receiver to mitigate packet loss and transmission delay on the two segments of the TCP connection.
It is widely known that the TCP throughput will be increased if we decrease RTT and packet loss rate, so, splitting the TCP connection by proxy can improve the throughput [1-3]. 
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Fig. 1. The TCP proxy divides the TCP connection into wireless and wired portions
Based on the split TCP connection, many optimization techniques can be deployed at the wireless portion, which include increasing initial cwnd (TCP congestion window) size, local retransmission, optimized congestion control algorithm, etc. 
2.3 Test results: TCP proxy in GGSN
We have tested the TCP proxy in GGSN. The test cases include web surfing, http download, online video, FTP etc. A part of results are shown as follows:
The web surfing service is tested in 3G network under busy hour. Fig. 2 shows the page loading time comparison between TCP and TCP proxy in web surfing. The page loading time can be reduced around 25% in average. In http download service testing, a file is downloaded in 3G network under busy hour. Fig. 3 shows the downloading time comparison between TCP and TCP proxy in http download. The downloading time reduced around 45%.
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Fig. 2. The page loading time comparison between TCP and TCP proxy in web surfing
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Fig. 4. The downloading time comparison between TCP and TCP proxy in http download
2.3 Network impact of GGSN/PGW to support TCP proxy

· Minimal impacted by the user mobility. Since the GW is the anchor of the user mobility, the user data cached in TCP proxy doesn’t need to be transferred between GWs when handover occurs
· Low CAPEX and OPEX. The TCP’s throughput can be improved with no need to add a new entity in the network. This also simplifies the network element OAM.
Conclusion

The TCP proxy can be deployed at the GGSN to improve the TCP’s throughput in 2/3G and deployed at the PGW to improve the TCP’s throughput in LTE. There are two ways to handling this:
Option 1:
Create a new WID to introduce the TCP proxy as a REL-12 feature, the affected TS 23.060 and TS23.401 should be modified by adding the description that the GGSN and the PGW should be able to support the function of TCP proxy.
Option 2:
Adding the description that the GGSN and the PGW should be able to support the function of TCP proxy in TS23.060 and TS23.401 with TEI 12 CRs.
In view of the time budget and the overall work, we suggest to go with Option 2. Two CRs (S2-133138 and S2-133139) are provided by China Mobile. 
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