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1.	Introduction
It has been shown in [1] and [2] that TCP ACK is one of main hurdle in maximizing TCP throughput. To overcome the problem, they propose different solutions, e.g. by reducing number of TCP ACK transmission [1], or by enabling out-of-order delivery in PDCP for TCP ACK [2].
This document proposes another solution for maximizing TCP throughput, by transmitting TCP ACK using PDCP Control PDU.

2.	TCP ACK transmission on PDCP Control PDU
One of the upper layer of the PDCP entity is the TCP layer. The TCP packet is encapsulated into IP packet, and the IP packet is transmitted through PDCP. Thus, one type of PDCP SDU is an IP packet including TCP packet.
The TCP ACK packet is a feedback of received TCP packets, and transmitted in the opposite direction to the TCP packet. In other words, if TCP packet is transmitted in downlink, the TCP ACK packet is transmitted in uplink, and vice versa. The TCP ACK packet is also encapsulated into IP packet, and transmitted through PDCP. Thus, an IP packet including TCP ACK packet is also one type of PDCP SDU.
To increase the TCP throughput, it is important to transmit TCP ACK as early as possible. However, the PDCP does not inspect the contents of the PDCP SDU (i.e. IP packet), and thus the PDCP does not differentiate TCP and TCP ACK packets.
For the prioritization of TCP ACK packet over TCP packet, one of the mechanism proposed in [2] is that the PDCP inspects the contents of the PDCP SDU, and prioritize the TCP ACK by changing the transmission order of TCP ACK packets earlier than TCP packets, and adding Marking Flag in the PDCP header. In the receiver side, the PDCP receiver identifies the TCP ACK packet by the Marking Flag, and delivers it to upper layer immediately without waiting for reordering. As explained, this mechanism requires additional field in PDCP header, and also requires special handling mechanism in the PDCP receiver 
Another method proposed in [1] is rather indirect. It proposes to reduce the number of TCP ACK transmission by discarding all TCP ACKs except the TCP ACK with highest ACK SN. In other words, only the TCP ACK with the highest ACK SN is considered available for transmission if multiple TCP ACKs are waiting for transmission. This method may be beneficial in that it can reduce the radio resource required for TCP ACK transmission. However, it does not prioritize TCP ACK transmission, and thus it is questionable whether this method really helps for improving TCP performance. Moreover, this method requires very complex operation in PDCP transmitter, i.e. checking the number of TCP ACK packets waiting for transmission and figuring out the highest ACK SN among them.
In our view, prioritizing TCP ACK packets over TCP packets is important for improving TCP performance. Thus, the way proposed by [2] is a correct way for this purpose. However, rather than including Marking Flag in the PDCP PDU, we propose to map TCP ACK packets to PDCP Control PDU. 
If the PDCP transmitter maps TCP ACK packets to PDCP Control PDU, the TCP ACK transmission is naturally prioritized over TCP transmission because TCP packets are transmitted on PDCP Data PDU, and PDCP Control PDU is usually prioritized over PDCP Data PDU. Moreover, no special handling is required in PDCP receiver for out-of-order delivery because the PDCP Control PDU does not have any PDCP SN, and thus there is no need for waiting for packet reordering.
Proposal: Study TCP ACK transmission on PDCP Control PDU as a potential method for improving TCP performance.


Figure 1: TCP ACK transmission on PDCP Control PDU

3.	Proposal
Maximizing TCP throughput is one of important goal in NR. For this purpose, we propose to prioritize TCP ACK transmission by following:
Proposal: Study TCP ACK transmission on PDCP Control PDU as a potential method for improving TCP performance.
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