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Cross-Layer Transmission Control Protocol congestion control algorithm over
3GPP Long Term Evolution networks

HU Zi-ji, WANG Xu, HU Bo, FENG Hui, YANG Tao
(Department of Electrical Engineering, Fudan University, Shanghai 200433, China)

Abstract: Next-generation mobile broadband networks, 3GPP Long Term Evolution(3GPP LTE), relies
on Media Access Control(MAC) Layer scheduling techniques to achieve great system throughput.
However, scheduling can have adverse effects on the congestion control mechanisms of existing
Transmission Control Protocol(TCP) and lead to TCP spurious timeout, which will lower the TCP goodput.
A cross-layer TCP congestion control algorithm, named TCP-MAC-CW(MAC-layer Congestion Warning), is
proposed to solve problems caused by spurious timeout. The proposed TCP-MAC-CW first detects spurious
timeout according to the congestion warning sent by eNodeB MAC Layer, and then adjusts the TCP data
rate to improve goodput. Simulation result on LTE simulation platform shows that the proposed
TCP-MAC-CW achieves much more goodput gain compared to other existing mechanisms, while
maintaining satisfied TCP-level fairness.
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Table2 LTE simulation parameters

simulation length 10000 TTI(10s)

single cell
cell radius:400 m
user position:uniform distribution
DL SISO mode/UL SISO mode
sub-frame length:1 ms
cyclic prefix:normal
subcarriers per RB:12
subcarrier spacing:15 kHz
duplexing:FDD
modulation constellation:QPSK,16QAM,64QAM
code rate:according to 3GPP TS 36.213
EPedA 5
incremental redundancy

network

PHY parameters

channel mode

HARQ 6 stop-and-wait processes
max 3 retransmissions
ARQ max 2 retransmissions
link adaptation/AMC according to 3GPP TS 36.213
measurement period:1 ms
cal CQI granularity:1 RB per CQI

other parameters according to 3GPP TS 36.213
PF scheduler considering delay

MAC scheduling HARQ prioritized

# 3TCP MM EEZSHL
Table3 TCP parameters
TCP parameter value
TCP SMSS fixed,512 Bytes

initial cwnd size 1 SMSS
initial ssthresh 64 SMSS
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Fig.4 Goodput of TCP variants on LTE downlink
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Table4 TCP-MAC-CW'’s goodput gain compared with other protocols on LTE downlink

number of users Reno/(%)  Veno/(%)  Jersey/(%)  FIT/(%) LL-ELSN/(%)

5 16.4 39.4 14.3 18.9 14.7
10 14.6 18.8 23.6 21.7 29.2
20 30.7 39.7 31.6 30.1 30.4
30 33.7 41.0 32.9 32.1 32.4
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