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Abstract—Device to device (D2D) communication is essential in
Internet of things (IoT). Cognitive radio (CR)-enabled device is a
promising technique to address D2D communications. Among all
the functions supported in IoT, priority-based spectrum access
is less investigated yet urgently desired in IoT. An important
operation to achieve this capacity is channel hopping (CH) based
rendezvous which allows two CR users to meet each other on a
common available channel. Unfortunately, existing CH methods
cannot help CR users achieve priority-based spectrum access
due to various shortcomings. In this paper, we propose PCH,
a priority-based spectrum access protocol for cognitive D2D,
which can be integrated with any existing CH algorithm. PCH
can support priority transmissions with a significantly reduced
CH delay, as compared with non-priority transmissions. More
importantly, PCH can work under practical scenarios such as
the D2D both with priority packets, the D2D handoff, and the
overhead/energy constraint IoT. The merits of PCH are proved
theoretically and validated against extensive simulations. To the
best of our knowledge, this is the first work that investigates
priority communications in cognitive IoT.

I. INTRODUCTION

Device-to-device (D2D) communications enable networked
devices to exchange information among each other without
human control and therefore creates what is known as the
Internet-of-Things (IoT) [1]. However, a large number of
connected devices, as envisioned for the IoT, will create
challenges in terms of spectrum scarcity and significant control
overhead, which falls into the solution domain of cogni-
tive radio networks (CRNs) [2]. Therefore, cognitive radio
technology is very promising for D2D communications not
only because of its dynamic spectrum access capability and
efficient spectrum utilization, but also due to its interference
management, energy efficiency, and device heterogeneity. It is
expected that devices equipped with cognitive radios will be
indispensable in order to realize the vision of IoT [3].

In such a network, each cognitive radio-based device (CRD)
can dynamically configure their operating parameters to use
those channels that will not cause harmful interference to near-
by communication-ongoing devices including CRDs and usual
devices in other coexisting networks. Due to the changing
distribution and activities of all devices in all networks, the
available channel set (ACS) of a CRD may be time-varying
with its location and time. Hence, unlike traditional wireless
networks, a control channel that is commonly available to
all CRDs in a CRN may not exist or cannot last for a long
time. Instead, any two CRDs with heterogeneous ACSs need
to perform channel hopping (CH) [4]–[9] in a decentralized
manner to rendezvous with each other, i.e., to meet each other
on a common available channel before their data transmission.

Although CH enables the spectrum access for cognitive
D2D networks, the obligated CH process prevents an impor-
tant function, priority-based spectrum access. Though there

is hardly any existing work focusing on priority-based com-
munications in such networks, it is highly desired in IoT. As
the fast growth of IoT applications [10], CRD may deal with
different types of data or data with different delay constraints.
Some applications such as the weather forecast have a higher
delay tolerance than the real-time video stream. On the other
hand, data of an urgent event need to have a higher priority to
be sent through the network. However, all these high priority
packets may lose their priority in a cognitive D2D network
due to the lack of priority-based spectrum access support.

When two CRDs with the same destination CRD, the one
with higher priority data cannot connect to the destination
device faster via existing CH methods. In order to differentiate
the CH delay for packets with different priorities, one possible
way is to use different CH algorithms for different packets,
i.e., the faster CH algorithm for the higher priority packet.
However, only when both the source CRD and the destination
CRD use the same CH algorithm, can the CH process leads
to a rendezvous. Unfortunately, the recipient in such networks
does not know the priority of a packet before CH. Then, the
algorithms used by the D2D pair may be different and thus
cannot even guarantee a rendezvous. Another way is to design
a downgraded version of a CH algorithm for low priority
packets. In other words, the purpose of distinguishing different
priorities is achieved by the cost of manually slowing down
regular D2D rendezvous.

Besides, the D2D pair may need further actions after
rendezvous to achieve priority-based spectrum access. For
example, the D2D pair may want to transmit data with a
higher priority on the channel with a faster speed. This is
realistic especially in emerging 5G networks where users can
access several different bands [11]. However, under existing
CH efforts, maximizing rendezvous channel diversity [12],
[13] is one of the primary design goals. In most cases, the
rendezvous channel is not the desired fast channel. Then, the
D2D pair needs to handoff [14] to the corresponding desired
channel in order to transmit the higher priority data, which
adds additional handoff delay [15].

Moreover, some practical scenarios and constraints also
need to be considered for the design. For example, if a priority-
based method is adopted in the network, for the D2D pair
when both are source devices with priority packets to send,
can they still connect with each other? If so, can they still
rendezvous no later than normal scenarios? Also, will the
design need additional actions with extra overhead and energy
consumption? Will this additional cost influence the overall
performance?

In this paper, we propose a priority-based CH (PCH) MAC
protocol which, to the best of our knowledge, is the first
distributed cognitive MAC that can achieve priority-based
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spectrum access in cognitive D2D networks for IoT. The
salient features of PCH are summarized as follows:

1) It is both mathematically proved and simulation validated
that priority-based spectrum access can be achieved by
PCH without causing any longer delay to non-priority
D2D rendezvous.

2) PCH can be integrated with any CH algorithm. Even if a
CH algorithm with a faster rendezvous delay is proposed
in the future, PCH can still adopt it and generate even
better performance for priority packets.

3) PCH enjoys fewer handoff operations after rendezvous
due to the fact that the rendezvous channel is most of the
time the desired channel.

4) PCH can still hold its merits when the destination device
is also in the priority-based CH mode.

5) The operation overhead and energy consumption of PCH
maintain the same order as the original overhead and
consumption in most cases.

The rest of this paper is organized as follows. The system
model and design challenges are described in Section II.
In Section III, both the theoretical analysis and the PCH
construction are explained with details. Simulations results of
our proposed protocol are shown in Section IV, followed by
the conclusions in Section V.

II. PROBLEM DESCRIPTION

A. System Model
The system considered in this paper divides time evenly

into time slots with homogeneous size and consists of a finite
number of CRDs and other usual devices in other coexisting
networks which can operate on a set of orthogonal channels
denoted as C = {c1, c2, c3, ..., cM}.

1) Spectrum Access Process: Each time a CRD wants
to transmit or listens for a potential transmission, all other
transmission-ongoing devices within its sensing range are
regarded as primary users (PUs) in CRNs. The CRD senses the
primary network to get its available channel set (ACS), SCRD,
for the sake of interference-free to PUs, just like a secondary
user (SU) in CRNs. This process is done periodically, and the
ACS is updated to avoid channel status change due to PU
activities. Then, each CRD generates a sequence of channels
from its ACS based on the adopted CH algorithm. In each
time slot, it hops onto one channel following the sequence. The
number of time slots a source CRD hopped before rendezvous
on the same channel with its destination CRD is called time
to rendezvous (TTR).

Fig. 1. Heterogeneous ACS scenario.

Note that the ACS of each CRD may not be homogeneous
due to the diversity of each CRD’s location and sensing capa-
bility. As illustrated in Fig. 1, CRDi and CRDj have different

sensing ranges and the PUs distributed within their sensing
ranges are using channels from the set {c1, c2, c3, ..., c9}.
Therefore, the ACSs of CRDi and CRDj in this case are
Si = {c2, c4, c6, c9} and Sj = {c1, c2, c9}, respectively.
Moreover, without loss of generality, we assume that any two
CRDs within the transmission range of each other have at least
one common available channel.

2) CH Algorithm: The state-of-the-art CH algorithms for
heterogeneous ACSs can guarantee the rendezvous for any two
SUs who have at least one common available channel within
finite time slots. Under these algorithms, the maximum TTR
(MTTR) is in the order of M2, where M is the total number
of channels in the primary network, and the expected TTR
(ETTR) is O(M).

In our system, we do not require synchronous CH which
assumes the rendezvous pair to start CH at the same time.
For example, using the example in Fig. 1 and assuming that
CRDi is a source SU and its destination SU is CRDj, we
adopt the CH method proposed in [6] which can guarantee
the rendezvous for heterogeneous ACSs in an asynchronous
manner. As illustrated in Fig. 2, CRDi can rendezvous with
CRDj no matter their CH is synchronous or not.

(a) synchronous CH, TTR=5 (b) asynchronous CH, TTR=6

Fig. 2. An example of synchronous and asynchronous CH.

We denote Rd(P (Si), P (Sj)) as the rendezvous time of
the source CRDi with its destination CRDj. P (Sx) is the
permutation function of a given ACS, which depends on
the CH algorithm adopted. For example, P ({c1, c2, c3}) =
{3, 3, 3, 2, 2, 1}. The hopping sequence follows the permu-
tation periodically. d is the offset slots of CRDj which
can also be a negative integer. Once d, P (Si), and P (Sj)
are determined, a CRD can have one and only one TTR.
In the above example, R0({1, 2, 9}, {2, 4, 6, 9}) = 5 and
R2({1, 2, 9}, {2, 4, 6, 9}) = 6.

3) Link Speed Setting: In emerging networks such as the
5G network, users may require different spectrum bands to
serve different purposes. Since different bands are centered at
different frequencies with different bandwidths, and cognitive
radio usually uses different modulation techniques and proto-
cols on its operating channel, the data rate, (or, the link speed)
of different channels varies.

Denote V = {v1, v2, v3, ..., vM} as the link speeds of the
operational channels in set C. For a given packet with length
L, the transmission time on each channel is ti =

L
vi

, vi ∈ V .
In our model, we reorder the channels in C by their link speed
in a fast-to-slow order: SSU = {c1, c2, c3, ..., cM |t1 ≤ t2 ≤
... ≤ tM}.

B. Design Challenges and Requirements

In cognitive D2D networks, different packets may have
different delay requirements. One intuitive way is to give
the packet with a low delay tolerance a higher priority by
sending the packet on a higher speed channel. Generally,
if there are totally k priorities for different data packets,
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PCRD = {p1, p2, ..., pk} (ranked based on priority from high
to low), a CRD should use the corresponding k fast channels
{c1, c2, ..., ck} for each priority. Such design is illustrated in
Fig. 3, where {τ1, τ2, ..., τk} is the spectrum access delay
(TTR) for each priority packet. In order to fulfill the design
purpose, it requires

τi + ti ≤ τj + tj , i < j. (1)

Fig. 3. Ideal design for packets with different priorities.

However, the reality cannot support this ideal design. First,
as mentioned in the system model, the ACS of each CRD
changes with time and location. Thus, a packet with a fixed
priority should not be associated with a fixed transmission
channel. Instead, a source CRD (CRDi) should send its
highest-priority packet to its fastest available channel among
all its common available channels and so forth: c(k) = Si,j(k),
where k is the corresponding priority and Si,j = Si ∩ Sj .

Since the rendezvous channel is usually very random (see
the example in Fig. 2) and usually not the corresponding
channel of a particular priority, the rendezvous pair may need
to handoff to the desired channel after the rendezvous if
necessary, which causes extra delay.

More importantly, the TTR of each packet may vary a lot.
Based on the research in [16], in practical CRNs, the TTR
is in the same order and sometimes even longer than the
packet transmission time. Such circumstances may cause the
inequality in (1) invalid. Therefore, as illustrated in Fig. 4, in
order to satisfy (1), the desired design should guarantee that
the packet with a priority enjoys a less or at least the same
TTR as compared to the packet without priority.

Fig. 4. The desired CH design for priority packet.

III. PCH DESIGN

A. Motivation
We first extract two facts from the analysis of the CH

process in the last section. One is the homogeneous time-
slot size. In all existing CH schemes, different SUs must
use the equilong time slot (T ) to guarantee the same unit of
their hopping sequences. For example, when SUi’s hopping
sequence is {1, 2, 1, 2, ...} and SUj’s hopping sequence is
{2, 2, 3, 3, ...}, it implies that the duration time on each of
their hopped channel d(channel) is the same. Only when
d(c1) = d(c2) = d(c3) = T , can the rendezvous-guaranteed
sequences take effect. The other fact is heterogeneous trans-
mission time. As we explained in Section II, the transmission
time of a packet on different channels with different link
speeds has a correspondingly different value.

Consider the source CRD in a time slot stays on a fast
channel. The sojourn time of this CRD should be the same
as in other time slots when it stays on other relatively slower
channels. On the other hand, the packet transmission time on
this fast channel is shorter than that on other slower channels.
Therefore, there is ample idle time for the CRD in such a
time slot. Sometimes, the idle time may be long enough for
the CRD to take another transmission on another relatively
fast channel.

In addition, the channel switching time and energy cost are
relatively small compared with the average packet transmission
time on all channels and its energy consumption, according to
[17], [18]. Therefore, it is possible to ask the source CRD
to hop onto more than one fast channels in one time slot.
In this way, a source CRD can keep revisiting some fast
channels in some time slots during a CH process. Then, the
increased visiting time of those fast channels augments their
probability to become the rendezvous channel and reduces the
TTR. Meanwhile, the original hopping sequence can be kept.
Thus, the ETTR is reduced without worse cases (larger than
original MTTR) generated. Moreover, this claim holds under
any CH algorithm. We give the proof as follows.

Lemma 1. Let CRDi and CRDj be the source CRD and the
destination CRD, respectively. An arbitrary CH algorithm is
given. Suppose under a CH process, τ = Rd(P (Si), P (Sj)).
If the source CRD visits multiple channels in one time slot
when feasible and the new TTR is represented by τ ′. Then,
∀d, Si, and Sj , τ ′ ≤ Rd(P (Si), P (Sj)).

Proof. Without loss of generality, let P (Si) =
{ck1, ..., cki, ...ckN}, where cki is the channel at the ith
position in the permutation and N is the number of available
channels. Denote τ1 as the TTR when CRDi visits one more
channel, say, ckj , during the ith time slot in each periodical
hopping round. Then, the new sequence can be expressed as
P 1(Si) = {ck1, ..., (cki, ckj), ..., ckN} where i, j = 1, 2, ..., N
and i �= j. Depending on CRDj’s hopping sequence, P 1(Si)
could have the same TTR as using P (Si), or the same TTR
as using {ck1, ..., ckj , ..., ckN}. Thus, we can derive that

τ1 =Rd({ck1, ..., (cki, ckj), ..., ckN}, P (Sj))

=min{ Rd({ck1, ..., cki, ..., ckN}, P (Sj)),

Rd({ck1, ..., ckj , ..., ckN}, P (Sj)) }
≤Rd({ck1, ..., cki, ..., ckN}, P (Sj)) = τ.

(2)

Iteratively, we can get ∃y > 0,

τy ≤ τy−1 ≤ ...τ2 ≤ τ1. (3)

Since τ ′ ∈ {τ1, τ2, ..., τy}, then, τ ′ ≤ τ .

In this proof, Rd(P (Si), P (Sj)) represents all possi-
ble CH cases which also include the worst case. Thus,
max(τ ′) ≤ MTTR. On the other hand, since ETTR =
function(

∑
d

∑
Si

∑
Sj

Rd(P (Si), P (Sj))), we get E(τ ′) ≤
ETTR.

Up to now, when the source CRD proceeds CH in such a
manner for packets with high priorities and follows the original
CH for normal packets, the design requirement shown in (1)
and the effect in Fig. 4 can be achieved in all cases.
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B. Refined Design
Next, we refine the proposed method into details to gain

better performance based on some latent requirements.
1) Design for the Shortest Delay: From (3), when y is

larger, the new CH delay decreases. In other words, the optimal
PCH design should visit multiple channels in any feasible
time slot as much as possible. For a source CRD, suppose
S = {ck1, ck2, ..., ckN}, and let d = (dk1, dk2, ..., dkN )
represent the corresponding minimum duration time on each
available channel. Since we rank the channels on a fast-to-slow
order in our system model, we have

dk1 ≤ dk2 ≤ ... ≤ dkN . (4)

For each channel cki, there is an indicator vector x(ki|S)
showing which other channel can be co-visited with cki in
one time slot. x(ki|S) = [lki1 , lki2 , ..., lkiN ]T , where lkij ∈ 0, 1,

j = 1, 2, ..., N . If lkij = 1, it means that ckj can be co-visited
with cki in one time slot. By default,

lkii = 1. (5)

As mentioned in the motivating example, the vector should
satisfy

dx(ki|S) + Ts

N∑

j=1

lkij ≤ T. (6)

Therefore, we can minimize the CH delay by maximizing
y:

Maximize
X(S)=[x(k1|S) ... x(kN |S)]

y =
N∑

i=1

N∑

j=1

lkij ,

subject to (4), (5), and (6).

(7)

Since the indicator vectors of different channels are indepen-
dent from each other, the problem can be simplified as getting

the maximum
∑N

j=1 l
ki
j for a given channel cki. Consider

assign the value ‘1’ to either lkij or lkij+1. Then, the combination

of (lkij , lkij+1) could be either (1, 0) or (0, 1). Take them into
(6) separately. Because of (4), the left side of (6) calculated
with the (1, 0) combination is less than that with the (0, 1)
combination. A smaller value of the left side means that we can
possibly assign more ‘1’s to x(ki|S). Iteratively, the optimal
solution is to assign ‘1’ to the element in the vector from left to
right until (6) cannot be satisfied. Finally, for a given channel
cki, its co-visiting channels Co(cki|S) can be expressed by
the derived x(ki|S):

Co(cki|S) = S · x(ki|S)T . (8)

Fig. 5. A PCH example.

Consider the same example in Fig. 2. Suppose di = i, Ts =
1, and T = 10. Using the optimal PCH construct method given
above, the result is shown in Fig. 5. Now, we have R0 = 2,
R1 = 3, and R2 = 7. Each delay is smaller than the previous
result (5, 4, and 8, respectively).

2) Design for Same-Role Cases: In previous discussion,
we suppose that the role of the destination CRD is either a
listening CRD or a source CRD with normal packets to send.
However, in practical IoT, the destination CRD could also have
priority packets to transmit to another CRD, namely the same-
role case.

When the destination CRD is also in a PCH process,
both CRDs can visit multiple channels in one time slot. If
there is no proper mechanism, even when they are in the
potential rendezvous time slot, they may miss each other due to
different presence time on their potential rendezvous channel,
as illustrated in Fig. 6.

Fig. 6. Rendezvous failure in the same-role case.

In order to guarantee their rendezvous in this case, for each
channel, there should be a unified hopping moment for all
CRDs in a time slot. Note that the ACS of each CRD is a
subset of the total channel set in the primary network. Imagine
that there is a virtual CRD in the network whose ACS contains
all the channels in the primary network, i.e., S = C. Let this
CRD adopt our PCH design. For a given channel ci, its co-
visiting channels Co(ci|C) in a time slot can be derived by (8).
Arrange the hopping sequence within a time slot by channel
indexes. Then, the moment the CRD hops onto ci in the time
slot is

τs(ci) =

i−1∑

j=1

(Ts + dj)l
i
j . (9)

This is also the unified visiting moment of ci in PCH. Since
for any other CRD, its ACS is a subeset of C, its co-visiting
channels of ci are also a subset of Co(ci|C). In this way, a
CRD can confirm the visiting moment of ci in a time slot.

Fig. 7. MAC for both sender soles.

After finding the right moment to hop onto each co-visiting
channel in a time slot independently, the rendezvous pair in
the same-role scenario can perform even better due to the
destination CRD’s co-visiting contribution. It is equivalent to
enlarge the value of y in Lemma 1’s proof, which further
decreases the ETTR and MTTR of the original CH algorithm.
Again, we use the same example to illustrate our design as
shown in Fig. 7. In the figure, CW refers to the contention
window designed in the CRD MAC layer [19]. Also, note
that it is NOT necessary to require the time slots or the mini
time slots of each SUs to be strictly synchronized [20]. Both
CRDi and CRDj visit channel 1, channel 2, or channel 4 at
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the corresponding unified visiting moment (illustrated using
the virtual-ideal CRD in the middle) in their first time slot.
In this case, they will rendezvous on channel 2 with R0 = 1
which is further reduced as compared to the case without the
destination SU’s participation in PCH when R0 = 2.

Note that a shorter CW can be assigned to the CRD with
a higher priority packet. In this way, the packet with a higher
priority has a higher chance to be sent first.

C. Protocol Details

Algorithm 1: The PCH protocol for CRDx

Input: ACS of CRDx Sx, data packet, and adopted CH algorithm;
1: Rank channels in Sx according to their link speeds on a

fast-to-slow order;
2: Generate the hopping sequence P (Sx);
3: τ = 0;
4: while not rendezvous do

τ = τ + 1;
if no packet then

Hop onto P (Sx)(τ);
Listening to the channel;

if packet without priority then
Hop onto P (Sx)(τ);
CW ; Send message; Listening;

if packet with priority k then
cj = P (Sx)(τ);
Get Co− ch. = Co(cj |Sx) using (8);
i=1;
while not rendezvous & Co− ch.(i) ∈ Co(cj |Sx) do

Get t = τs(Co− ch.(i)) using (9);
Hop onto Co− ch.(i) at moment t;
CW (k); Send message; Listening;
i = i+ 1;

Handoff to their kth fastest common channel;

5: Data Transmission;

Algorithm 1 gives the entire protocol showing our hopping-
channel reconstruct design based on packet priority. As we
can see, our proposed PCH is very easy for implementation
for any given CH algorithm. Meanwhile, the design is also
independent of the CRDs with non-priority packets.

IV. PERFORMANCE EVALUATION

In our simulation, 1) CRDs and regular devices are random-
ly distributed in the simulation area; 2) each regular device is
randomly assigned a channel when a new packet needs to
be transmitted; 3) source CRDs are randomly selected, and
their packets are randomly assigned with or without priority;
and 4) each source CRD randomly chooses a CRD within
its transmission range as its destination CRD. The parameters
used in our simulation are listed in Table I.

A. Performance Comparison
We adopt a state-of-the-art CH algorithm, Enhanced Jump-

Stay (EJS) [5], to evaluate our PCH performance. The ETTR
and MTTR of both the EJS and the priority-based EJS (P-
EJS) are compared in Fig. 8. Both these protocols can achieve
a 100% successful rendezvous rate. The results in Fig. 8
validate our proof that CRDs with a priority packet can always
enjoy a lower spectrum access delay including the worst case.

TABLE I
SIMULATION PARAMETERS

Simulation time 10000 slots
Simulation area 50 m × 50 m
Number of usual/cognitive devices 100/50
CRD sensing radius 10/7 m
Average packet arrival rate 50 pkt/s
Average packet size 50 slots
Channel data rate 10/i Mbps on channel i
The transmit power 15− 0.5i dbm on channel i [18]
Channel switching time/energy 200 μs / 20 μJ [17]

Moreover, PCH has a better resistance to the primary network
change, e.g., when the number of total channels increases.

(a) ETTR performance. (b) MTTR performance.

Fig. 8. TTR vs. M in priority-based EJS

B. Impact of Different Factors
Fig. 9 shows the ETTR performance of both the PCH and

the PCH under the same-role scenario with different common
available channels. We use γ to represent the common avail-
able channel rate of a CRD, γ = #of common available channels

#of available channels
.

γ

Fig. 9. Impact of the same-role CH.

1) Impact of the Common Available Channel Rate: When
γ increases, the ETTR of both PCHs decreases, which satisfies
the initial goal of CH. However, the ETTR does not change
much when γ > 0.5. This is because that the ETTR perfor-
mance mainly depends on the involvement of the fast channels
not the number of common available channels. When there are
a sufficient number of fast channels, the ETTR performance
is dominated by their re-occurrences.

2) Impact of Same-Role Cases: When both CRDs have
priority packets to send, PCH helps them rendezvous with
each other with even less delay. From Fig. 9, PCH always
performs better under the same-role scenario no matter using
the Random CH (RCH) or EJS algorithm. Since our design
enables same-role CRDs to have the synchronous visiting
moment on the common channel within a time slot, the CRD
pair enjoys another mini-CH round in each time slot.
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C. Rendezvous Channel Distribution

(a) γ = 0.25.

(b) γ = 0.75.

Fig. 10. Rendezvous-channel distribution with different γ.

We record the number of times for each channel becoming
the rendezvous channel. The rendezvous-channel distribution
is shown in Fig. 10. We summarize: i) the chance to be the
rendezvous channel is evenly distributed over all channels with
RCH under various network conditions, which accords with its
random feature; ii) for a CRD with a priority packet to send,
it is more likely to rendezvous on those fast channels (channel
1-4), especially when γ is high, which validates our analysis;
and iii) since there is no need to handoff if the rendezvous
channel is fast, PCH reduces the possible handoff delay.

D. Energy Consumption Performance

μ

γ

γ

γ

γ

Fig. 11. Energy consumption during CH for different packets.

From Fig. 11, when there are more channels in the system
with a small γ, energy cost increases under the PCH since the
TTR is large. Nevertheless, when the number of channels is
small, the consumption of priority spectrum access is less than
that of regular access, despite the low γ. On the other hand,
when γ is large, the energy consumption of PCH is very close
to normal RCH due to the benefits of the reduced TTR by
PCH. In this case, PCH can be used without constraint when
the number of channels is less than 15.

V. CONCLUSION

In this paper, an efficient and adaptive priority-based proto-
col which can be integrated with any existing CH algorithm,
PCH, is proposed. The proposed design is based on co-visiting
fast channels within each feasible time slot. Both mathematical
proof and simulation results showed that PCH can achieve
shorter spectrum access delay for packets with higher priority
in cognitive D2D networks. Besides, we further refined and
revised our design to deal with different practical issues.
Simulation results validated our design goals in various IoT
environments. For the first time, the priority-based spectrum
access is achieved in cognitive D2D networks for IoT.
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