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5.x.y
Solution of TCP optimisation

Basically, the RTT is defined as the period between the TCP senders transmits the packet and receives an ACK. In cellular networks, especially, in the weak coverage area of the cell, TCP ACK is hard to send to RAN side fast and brings long TCP RTT and E2E delay of the traffic. 
In RAN side, as the RLC AM mode will be used for traffic based on TCP and the RLC AM mode will perform reordering and Protocol error detection function to ensure the reliable transmission, the solution of TCP optimisation uses RLC ACK to confirm a TCP data packet if RLC AM mode is configured for the TCP connection. 
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Figure 5.x.y-1 TCP RTT Optimization
In the solution of TCP optimization, the RLC entity of the client side should trigger a RLC ACK to confirm the correctly received TCP Data x, and the PDCP entity of the client should discard the received TCP ACK for data x if the reduced TCP-ACK function is activated. Note that in some cases, e.g. when a TCP ACK is a piggyback ACK, the client should not discard this kind of TCP ACK. The RAN will construct a TCP ACK when it has received the RLC ACK confirmed that the TCP Data x has been received correctly by the client’s RLC. The RAN has to maintain the sequence number and Acknowledge sequence number of TCP Data x to ensure a legal TCP ACK.

The activation procedure of TCP Optimization procedure is provided in Figure 5.x.y-2, including the following steps:
1. The UE may report the TCP Optimization request to the eNB.
2. The eNB may send a “UE eligibility check” to CN. This message includes UE identity. “UE eligibility check” is necessary in case the optimization is performed for only some kind of user subscription, e.g. VIP users.
3. After UE eligibility check, CN sends a UE eligibility response to eNB 
4. If UE is eligible for optimization, the eNB decides to activate the TCP Optimization. Note when deciding to activate the TCP Optimization, other info like UE’s coverage info, current eNB resources are also considered.
The eNB sends an activation indication to the UE to activate the TCP Optimization.
Note that step 2 and step 3 may be accomplished before step 1, e.g. eligibility check is done during ATTACH.
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Figure 5.x.y-2 TCP Optimization activation Procedure

As the size of RLC ACK PDU is much smaller than a TCP ACK, in the area with weak coverage the RLC ACK will come to the RAN much earlier than a TCP ACK. So the TCP throughput can be increased with the reduced TCP RTT in the air interface, figure 5.x.y-3 shows the simulation result of TCP optimisation, about 40%~80% gain can be achieved in cell edge.
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Figure 5.x.y-3 Simulation result of TCP Optimization
The above analysis is focus on the Downlink data transmission, for Uplink data transmission, the TCP Optimization can also be applied, and the performance gain may be achieved. The uplink TCP optimization procedure is similar with the downlink TCP optimization solution. 
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