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1   Introduction
During the previous RAN2 meetings, how to avoid the excessive and delayed transmission of  TCP ACKs to maximize the TCP throughput has been discussed and some solutions are provided in [1][2][3][4]. One of the solutions is to discard some excessive TCP ACKs and another solution is to prioritize the transmission of TCP ACKs over TCP packets.
In this contribution, we further discuss this issue and give our views. 
2   Discussion
2.2   TCP Out-of-Sequence issue

The TCP packet format is shown in Fig.1 below. The SN (Sequence Number) indicates the sequence of the first byte of the data part.  The Acknowledge Number indicates the sequence number of the first byte which has not been received.
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Fig.1 TCP Packet Format

Taking two peers A and B as an example, in case there is no packet dropped, the two peers will transmit/receive the TCP packets with continuous SN, as shown in Fig.2.
However, if there is a TCP packet dropped as shown in Fig.3, the subsequent TCP packets will arrive to its peer (say peer B) out of sequence. In this case, peer B should immediately transmit a TCP ACK to request the TCP packet dropped. After receiving 3 consecutive TCP ACKs, peer A should trigger fast retransmission procedure to retransmit the dropped TCP packet. Therefore, out-of-sequence delivery of TCP packets may result in TCP packet retransmission and unnecessary resource waste.

Observation 1: out-of-sequence delivery of TCP packets may result in TCP packet retransmission and unnecessary waste of resources.
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Fig.2 An example of TCP in-sequence transmission
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Fig.3 An example of TCP out-of-sequence transmission
Therefore, it is proposed that NR L2 should deliver upper layer packets (e.g. TCP/IP packets) in each flow in sequence, as did in LTE.

Proposal 1: NR L2 should transmit TCP/IP packets including TCP ACKs and data of a flow in sequence.

Existing solutions on TCP optimization

To optimize TCP, lots of solutions were studied, among which the TCP PEP solution is the most widely applicable. TCP PEP (Performance Enhancing Proxy) has been widely discussed in IETF Performance Implications of Link Characteristics WG (PILC), and the most common PEP variant is the split connection TCP Proxy, which intercepts the TCP handshake (connection establishment) between the User Equipment (UE) and the server, becomes the TCP endpoint towards the UE and establishes a TCP connection with the server on behalf of the UE. After the connection setup, the TCP Proxy operates the separate server side (upstream) and UE side (downstream) connections asynchronously. 

If the proxy is placed in RAN, as the RTT between the server and the proxy is decreased, the downlink segments arriving rates to the TCP Proxy will be greatly increased. However, it cannot reduce the RTT between the UE and the proxy in RAN. When the UE is in the poor coverage, the RTT between the UE and the RAN is the main constraint for the TCP throughput of the UE. Furthermore, without optimization, the proxy cannot reduce the number of TCP ACKs transmitted in uplink from the UE to the proxy.
Observation 2: TCP proxy can reduce the RTT between the TCP Proxy and the TCP server. 
Solution of TCP Optimisation

In RAN side, the RLC AM mode will be used for traffic based on TCP. The RLC AM mode will perform reordering and Protocol error detection function to ensure a TCP data packets to be transmitted successfully. When the RLC layer indicates a RLC SDU has been received correctly which also means the TCP data packets has been transmitted correctly over air interface. So the RLC ACK can be used to confirm a TCP data packet if RLC AM mode is configured for the TCP connection.
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Fig. 4 Downlink Data transmission procedure

Take downlink data transmission as an example, the possible optimization is shown in the figure below.
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Fig.5 TCP Optimization
In the UE side, the RLC should trigger a RLC ACK to confirm the correctly received TCP Data x and discard the received TCP ACK for data x.

For RAN side, it 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 proxy in RAN has to remember the latest sequence number and Acknowledge sequence number of TCP Data x to ensure a legal TCP ACK.

In some cases, a TCP ACK may be a piggyback ACK together with TCP data, the UE should not discard this kind of TCP ACK. 

Proposal 2: The enhancement based on TCP proxy can be considered in RAN2 to reduce TCP ACKs transmitted over Uu and improve the TCP performance.
Proposal 3: TCP ACKs in uplink can be filtered at SDAP in UE based on the TCP proxy mechanism.
3   Conclusion
Observation 1: out-of-sequence delivery of TCP packets may result in TCP packet retransmission and unnecessary waste of resources.

Observation 2: TCP proxy can reduce the RTT between the TCP Proxy and the TCP server. However, the proxy cannot reduce the number of TCP ACKs transmitted in uplink.
Proposal 1: NR L2 should transmit TCP/IP packets including TCP ACKs and data of a flow in sequence.

Proposal 2: The enhancement based on TCP proxy can be considered in RAN2 to reduce TCP ACKs transmitted over Uu and improve the TCP performance.
Proposal 3: TCP ACKs in uplink can be filtered at SDAP in UE based on the TCP proxy mechanism.
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