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1 Introduction 
Even though TCP is a transport layer protocol originally designed for wired networks, lots of service is still based on TCP in current wireless networks. Many studies have shown that the standard TCP performs not well in the radio environment. Standard TCP additive increase/multiplicative decrease (AIMD) congestion algorithm is only suitable for low-bandwidth. 5G NR has potential to offer higher peak throughput and lower latency, the standard TCP in 5G experience greater performance problem.
There are some 3GPP contributions including TCP traffic evaluation, but which TCP scheme is not mentioned. In this contribution, the TCP Performance in wireless networks is discussed. And then some issues related to transport layer performance evaluation in NR are raised up.
2 Discussion 
Which TCP scheme in simulation
Modifications to standard TCP scheme to remedy its deficiency in wireless communications have been an active research area. Many TCP congestion control schemes have been proposed, therefore TCP has variable schemes used both in wired and wireless network, such as Cubic, Reno, Vegas, Westwood etc.. For example, the different TCP schemes already implemented in Android shown in Fig. 1.
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Fig. 1 Android TCP scheme Implementation 
Obviously transport layer performance by using different TCP scheme in 5G system will be different. The standard TCP scheme (Reno) of congestion control is classified into 4 main PHASES, namely, SLOW START, CONGESTION AVOIDANCE, FAST-RETRANSMIT and FAST-RECOVERY. There are some 3GPP contributions including TCP traffic evaluation which TCP scheme is not mentioned, we suppose these are based on standard TCP scheme (RENO).
Proposal 1: 5G NR has potential to offer higher peak throughput and lower latency. Transport layer performance by using different TCP schemes in 5G system will be large different, and this difference cannot be ignored. We recommend that the TCP scheme used in system-level simulation should be clarified.
Why not high bandwidth TCP scheme
The standard RENO TCP implements congestion control based on additive increase multiplicative decrease (AIMD) which only suitable for low-bandwidth. In fact, the large-bandwidth and low-latency bottleneck represents the main physical link in 5G network, where the RENO meets poorly performance. Because of linear CWND growth during the congestion avoidance phase, RENO can take inordinately long time to recover to full rates in high-bandwidth networks. Extreme case [2] as RENO congestion behavior over 10Gbps (with 1250-byte TCP packet size and 100ms RTT) is shown in Fig.2.
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Fig. 2 Reno over 10G (During congestion avoidance, taking more than one hour to recover to full rates)
TCP CUBIC, the default TCP scheme in the Android and Linux kernel, is one of the most widely deployed variants of TCP. CUBIC implements an optimized congestion control algorithm for high bandwidth networks. A 2011 study [1] of about 30,000 Web servers shows about 25% use TCP CUBIC, 20% use TCP BIC (also a high-bandwidth TCP scheme) and 15% to 25% use TCP Compound (High-bandwidth TCP scheme proposed by Microsoft). Since 5G provide high-bandwidth and standard TCP scheme is mostly replaced by High-bandwidth TCP variants in actual network, why we still use classic low-bandwidth TCP in simulation?
Proposal 2: Since 5G can provide high-bandwidth, besides standard TCP (Reno), we suggest to also use CUBIC (high bandwidth TCP scheme) in NR transport layer performance evaluation for high-bandwidth situation, otherwise, the simulated end-to-end point’s throughput is not inconsistent with the reality under high-bandwidth scenario.
Millimeter wave: significant challenges for TCP
It is well understood that the TCP performs not well in the radio environment. In 3GPP wireless networks, there are several adverse features that will considerably weaken TCP performance, if no actions are taken. Some features but not limited to, are described in following Fig.3. 
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Fig. 3 Some TCP problems in 3GPP networks 

In figure.3, mmWave is maybe among the most significant challenges for TCP. With the explosive growth of mobile data demand, the mmWave is likely to play an important role in 5G networks. There are fundamental differences between mmWave and existing wireless communication systems, in terms of high propagation loss, directivity, significant variations in the received RF power, and sensitivity to blockage. This high level of channel variability and link blockage may present significant challenges for TCP congestion control.

Proposal 3: The high level of channel variability and link blockage in mmWave system may present greater significant challenges for TCP performance. So the traffic simulation model with TCP protocol should be used in the mmWave networks performance evaluation.

Proposal 4: There are several adverse features in wireless networks that will considerably weaken TCP performance, if no actions are taken.  RAN2 is kindly asked to put forward the TCP performance topic and the discussion of transport layer protocol evolution (enhancement) which is suitable for 5G NR.
New transport protocol over UDP
TCP is a robust protocol that has been around for decades (from 1G to 4G), but it has several shortcomings in wireless network. For the wireless networks, some optimisation can be considered. One option is to switch from TCP to new protocol over UDP. QUIC is proposed by Google to replace TCP in web applications with a new reliable transport protocol layered over UDP optimized for HTTP2. QUIC seeks to provide a real-time performance improvement over TCP with lower latency connections, improved congestion control, and better loss recovery.
QUIC builds on decades of experience with TCP (TCP Cubic, FACK, TLP, F-RTO, early retransmit, improved congestion feedback). QUIC implements the spirit of a variety of RFCs, Internet drafts, and other well-known TCP loss recovery mechanisms, though the implementation details differ from the TCP implementations. [3]. QUIC implements F-RTO, a recovery algorithm designed especially for wireless networks. Although it is not certain that QUIC is more suitable for wireless networks than TCP, for 5G transport protocol enhancement and evolution point, some new reliable transport protocol layered over UDP  should be  addressed.
Proposal 5: for 5 G transport protocol enhancement and evolution point, besides TCP, we need to evaluate the performance of some new reliable transport protocol layered over UDP like QUIC etc...
3 Conclusion 
Since the transport layer performance will affect the whole network performance, we have the following proposals:
Proposal 1: 5G NR has potential to offer higher peak throughput and lower latency. Transport layer performance by using different TCP schemes in 5G system will be large different, and this difference cannot be ignored. We recommend that the TCP scheme used in system-level simulation should be clarified.
Proposal 2: Since 5G can provide high-bandwidth, besides standard TCP (Reno), we suggest to also use CUBIC (high bandwidth TCP scheme) in NR transport layer performance evaluation for high-bandwidth situation, otherwise, the simulated end-to-end point’s throughput is not inconsistent with the reality under high-bandwidth scenario.

Proposal 3: The high level of channel variability and link blockage in mmWave system may present greater significant challenges for TCP performance. So the traffic simulation model with TCP protocol should be used in the mmWave networks performance evaluation.

Proposal 4: There are several adverse features in wireless networks that will considerably weaken TCP performance, if no actions are taken.  RAN2 is kindly asked to put forward the TCP performance topic and the discussion of transport layer protocol evolution (enhancement) which is suitable for 5G NR.
Proposal 5: for 5 G transport protocol enhancement and evolution point, besides TCP, we need to evaluate the performance of some new reliable transport protocol layered over UDP like QUIC etc...
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