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Dear editor,

To offload excessive traffic of long-term evolu-
tion (LTE), the 3rd generation partnership project
(3GPP) has introduced licensed-assisted access
(LAA) framework to the 5 GHz unlicensed band.
In 2017, the 3GPP technical specifications group
radio access network working group 1 (TSG RAN
WG1) meeting proposed the autonomous uplink
access (AUL) of the further enhanced LAA (Fe-
LAA). AUL FeLAA is no schedule-based, down-
link (DL)-independent, and it will work in the
small cells of the heterogeneous network (HetNet)
in WiFi-dominated 5 GHz band [1]. The previ-
ous studies on LAA /FeLAA-WiFi coexistence de-
signed many listen-before-talk (LBT) methods for
LAA system [2]. Most of the fairness strategies
need the inter-systems coordinations between LAA
and WiFi [3-5]. However, the two systems use dif-
ferent subcarrier spacing and different orthogonal
frequency division multiplexing (OFDM) symbols
duration. Additionally, the energy detection (ED)
of LAA clear channel assessment (CCA) check can-
not decode the WiFi preamble [6]. Therefore, the
inter-system coordinations is hard to be achieved
in practice.

We propose a novel adaptive network-aware Fe-
LAA LBT strategy for FeLAA-WiFi coexistence
in the unlicensed band. The theoretical analysis
of this strategy is based on the two-CCA-period
LBT Markov model according to the AUL Fe-
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LAA LBT category 4 (Cat4) procedure defined
in 3GPP specifications. The proposed strategy
adjusts the FeLAA LBT parameters through the
evaluated WiFi parameters which are obtained by
both the channel sense result and the statisti-
cal parameters of FeLAA performance. Different
from the existing channel access approaches of fair
LAA-WiFi coexistence, our strategy does not need
inter-system coordination and inter-system infor-
mation exchange. These inter-system operations
will change the existing specifications and bring
extra time delay. Moreover, the proposed method
can substantially improve the WiFi performance
and conveniently offer fairness under different net-
work size.

Analysis model of LBT Cat4. This analysis is
carried out under the assumption of ideal channel
conditions which exclude hidden node and capture
problems. Firstly, we study the single user equip-
ment (UE) behavior with a multi-group Markov
model, then we obtain the stationary probability
71 that the UE transmits the data burst in a ran-
domly chosen slot time.
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In this study, the FeLAA system has a fixed
number n; of AUL UEs competing for the same
unlicensed spectrum. We assume a saturated traf-
fic condition to study the limits of the system
performance, which means each UE always has
data burst available for transmission. Our model
assumes that the collision probability p; is in-
dependent of the state s(t) of the UE. The Fe-
LAA UE sets the initial contention window (CW)
size W) = CWy, min according to the correspond-
ing transmission priority, and the value of the
CW will increase until it reaches the maximum
Cth,max- Here, t, is the channel access prior-
ity class and represents that the UE uses differ-
ent backoff stages m, and different allowed-CW
sizes. If the FeLAA system uses the binary ex-
ponential backoff strategy as WiFi system does,
there will be W,,, = 2™W) when collisions occur m
times, where m € (0,m,;). And the upper bound
is Wi, = 2"W) = CWy, max-

If one UE has consecutive used CW;, =
CWy, max for K times to generate the value of
the ECCA random counter, it will reset CWy, to
CW¢, min in the next LBT access attempt. 1y is
the indicator function of the event X, and its value
equals 1 when X is true and zero otherwise. We
use 1(x_1)>0 = 1 to represent the event K > 1,
which means that the device will use the maximum
backoff stage m,, for K times when collisions hap-
pen during transmissions. Let N be the number
of the time slots of the ICCA period, ag,n be the
initial state of the LBT procedure,

A=1—(1-p)N*! and B = A(Ap)™»~(Ap —
(Ap)E)(2A + Ap (14 2™»W))), we can obtain the
transmission probability of the UE 7 as (1).

Tw, the transmission probability of the STA
which uses the distributed coordination function
(DCF) in WiFi system can be given as (2) in [7].

2(1 — 2py)
(1-2pw) (W +1) +po W (1= (2py ) ™) ’

Tw =

(2)

where W, denotes the minimum CW size in the
WiFi system, my, the maximal backoff stage value,
and py the collision probability.

According to [8], for both the LAA and the WiFi
systems, we use 71 and 7 to calculate the pro-
portions of the airtime of successful transmission
in the total duration. We define these successful-
airtime ratios as Rs) and Ry, respectively, and
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use them as the indicators of the system perfor-
mance. Then we use FR = =2

R

R 38 the param-
eter for fairness metric to investigate the perfor-
mance in the FeLAA-WiFi coexistence scenario.
This theoretical analysis contains more details in
Appendix A. The simulation result presented in
Appendix B shows the validation of the theoreti-
cal analysis.

Adaptive network-aware FeLAA LBT strategy.
We assume that the number of AUL FeLAA UEs
is n; and the number of WiFi STAs is n,, in the
FeLAA-WiFi coexistence scenario. And we sup-
pose the devices in both systems have saturated
traffic load to investigate the limitation of the sys-
tem performance. Let C) and C\, be the number
of the time slots of the transmission duration for
FeLAA and WiFi, respectively. Fg, the relation-
ship between the successful airtime ratios, is given
as follows:

F = gs,l _ mm(l — 7w)Ci . 3)
S, W anw(]- - Tl)cw
In order to balance the successful-airtime allo-
cation of the two systems, we use (3) to adjust the
proportion of the channel occupancy. We have the
constraint condition

[1—FRr| <e, (4)

where ¢ is the boundary condition. By (3) and (4),
we obtain
M

(1—e) < (1l — 7)Y < N

n = TW(]. - Tl)CW ny
According to (1), the value of LAA CW size
W) can affect the transmission probability of LAA
evolved node B (eNB). Evidently, higher W) will
result in lower 7. We can get W) from the nonlin-
ear equations (1), (2), (5) and the formulas of p;
and py, (see Appendix A). These nonlinear equa-
tions can hardly get an analytical solution. How-
ever, we can get approximate solutions by numer-
ical method.
Obviously, 7 is the key parameter in the in-
equality (5), but we cannot get its value directly.
We can obtain the formula of 7:

R 1(P1C1+ (1 — P, 1)Cy)
RS,I(CW* 1)(1 *Pt,1)+clpt,lps,l ’

where P, is the probability of that at least one
UE transmits in a time slot, and P the respec-
tive successful transmission probabilities of FeLAA
system. With simple channel detections, FeLAA
devices can obtain the value of ny, ny, Cj and Cy,
(average C) and Cy). Then according to (6), we
can get an evaluation 7, of 7, as follows. Let Ty
denote a fixed time duration during which the Fe-
LAA use a fixed W) value. FeLAA devices can

(I4+¢). (5

(1 — 7)™ =
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obtain the statistical averages of Rg; and 7 from
the system transmission records of each Ty. 7 is
the statistical average of 77, and R—Sl the statisti-
cal average of Rs). At the end of the Ty, FeLAA
devices calculate ﬁt\l and 16:1 according to 77 and
then evaluate 7y by (6).

Then FeLAA devices calculate A0-7w)C) as the

7o (1-71)Cy
f % and change the values of W)

and K via the iterative search shown in Algo-
rithm 1. More details of the theoretical analysis
and the result of the simulations can be found in
Appendix C.

value o

Algorithm 1 Adaptive network-aware FeLAA LBT strat-
egy (ALS)

Input: Transmission durations Cj, Cy, transmission prob-
abilities 71, device numbers n), nw, the boundary condition
value €, and Tjy.
Output: The initial CW W) 1, the maximum CW usage
limitation K.

1: Wi <= Wimin, K < 1, evaluate 7w as 7w, and then
T (1-7w)C .
Tw(1—7)Cw "’

H W 17WC W
2: if 7;—1(1 —g) < % < ?L—l(lJrs). then

calculate

3 Wi ry+1 <= Wir,, Kry41 < Ky
4: else
5 if t, = 3 then
6: CWy, max = 255;
7 else
8: if t, = 4 then
9: CWy, max = 1023;
10: end if
11: end g '
. T (1—Tw w
12:  if 7%11(1*7"'1)0\; > 7:1—1(1 + ¢) then
13: if 2(W17Td =+ 1) —1< thp,max then
14: Wl,Td‘l’l = 2(WlaTd + 1) — 1;
15: else
16: Wirg+1 <= Wiry;
17: end if
18: if K7, <8 then
19: KTd""l <:KTd +1;
20: else
21: KTdJFl <~ KTd§
22: end if
23: else a -
24: if ﬁ < Z—‘;’(l —¢) then
25: if (Wl,Td + 1)/2 — 1> CWpin then
26: Wl,Td+1 <~ (Wl,Td +1)/2-1;
27: else
28: Wi rg+1 <= Wiy
29: end if
30: if K7, > 1 then
31: KTd+1 = KTd -1
32: else
33: Kry41 <= Krg;
34: end if
35: end if
36: end if
37: end if

38: return Wl,Td+17 KTd"v‘l'

Conclusion. We have presented a novel adap-
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tive network-aware FeLAA LBT algorithm for fair
uplink FeLAA-WiFi coexistence. The LBT strat-
egy used in this algorithm was built based on the
LBT Cat4 access method according to TR 36.889.
In contrast to the existing methods, this algo-
rithm needs no inter-system information exchang-
ing. Our method estimated the WiFi performance
by both the channel detection result and the statis-
tical parameters of the FeLAA performance. Ac-
cording to the estimation result, the algorithm ad-
justed the FeLAA LBT parameters dynamically
and continuously. By adjusting the delay of the
FeLAA channel access, these parameters can de-
termine the competitiveness of UE and thus in-
directly influence the performance of WiFi. Our
method can improve the WiFi performance, and
flexibly allocate the channel occupancy duration
to fulfill a variety of fairness requirement.
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