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Abstract  
    Wireless NoC is an emerging paradigm to design high-
bandwidth and energy-efficient communication backbones 
for massive multicore chips. The achievable performance of 
this type of on-chip interconnect infrastructure depends on 
the efficiency of the Media Access Control (MAC) protocol 
that arbitrates between the competing wireless nodes. In this 
work we propose the design of a distributed MAC protocol 
suitable for wireless NoC architectures. Compared to the 
widely used token passing scheme, a distributed MAC 
protocol improves scalability, provides better performance 
and lower overall energy dissipation. Depending on the 
traffic pattern, the proposed distributed MAC provides up to 
23% improvement in energy delay product (EDP) when 
compared to the existing token passing scheme.  

1. Introduction 

Continuing progress and unprecedented integration levels 
make possible complete end-user systems consisting of high 
number of cores integrated on a single chip. In order to 
sustain the predicted growth in the number of cores on a 
single die, it is extremely important to have a scalable, low-
power and high-bandwidth on-chip communication 
infrastructure. Towards this end, millimeter-wave small-
world wireless Network-on-Chip (mSWNoC) represents an 
emerging paradigm to design a low-power yet high-
bandwidth interconnection network for multicore chips.  

An important mSWNoC component is the Media Access 
Control (MAC) protocol that allocates access of wireless 
channels to the competing wireless nodes. So far, a simple 
token passing protocol is used in mSWNoC to handle channel 
contention [1]. The token passing protocol is suitable for 
mSWNoC due to simple implementation. However, it has 
limited scalability and low wireless link utilization. 

In this work we propose the design of a simple distributed 
MAC protocol suitable for mSWNoC architectures. We 
demonstrate that the proposed MAC protocol is able to 
achieve better performance with less energy dissipation and 
increased scalability compared to the token passing scheme.  

2. Related Work  

 On-chip networks are usually energy, area and memory 
constrained and hence the use of complex MAC protocols for 
wireless NoCs is not suitable. The adoption of popular          
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MAC protocols such as token passing, CDMA and FDMA for 
wireless NoC environments are explained in [1], [2] and [3] 
respectively. As we shall explain in section 4.1, token passing 
is inefficient in utilizing the wireless channels. The CDMA 
scheme is complex in nature, involves spreading of signals 
and is associated with high area and energy overheads. 
Limitation on number of available on-chip wireless channels 
makes the FDMA scheme inefficient for large system sizes. A 
hybrid MAC scheme combining both TDMA and FDMA is 
reported in [4]. Multiple wireless transceivers are required in 
every node to implement such a scheme leading to high area 
overheads. 
 A synchronous and distributed MAC (SD-MAC) for the 
Ultra Wide Band (UWB) wireless NoC is proposed in [5]. 
UWB wireless NoC uses an impulse-based transceiver where 
the wireless links carry data over a millimeter range. SD-
MAC algorithm follows a binary countdown approach to 
arbitrate the channel access. The control signal required to 
manage the contention among the wireless nodes is carried 
through wired links. The target wireless NoC architecture for 
this paper is the mSWNoC architecture proposed in [6]. In 
mSWNoC, the wireless nodes are separated by long distances. 
Hence, communication between the wireless nodes can take 
multiple hops when traversed along the alternative wired 
links. Therefore, unlike the UWB-based NoC, the usage of 
wired links to resolve the contention among the wireless 
nodes is not viable in mSWNoC. In this work we propose an 
efficient distributed MAC protocol that is suitable for the 
mSWNoC with long-range wireless shortcuts.  

3. mSWNoC Architecture 

 In the mSWNoC topology considered in this work [6], 
each core is connected to a switch and the switches are 
interconnected using wireline and wireless links. The 
topology of the mSWNoC is a small-world network where 
the links between switches are established following a power 
law distribution [7]. In this small-world network there are 
still several long wireline interconnects. As these are 
extremely costly in terms of power and delay, we use mm-
wave wireless links to connect switches that are separated by 
a long distance. In practice, depending upon the available 
wireless resources, we can only make a limited number of the 
longest links wireless, while the others need to remain 
wireline. In [1], it is demonstrated that it is possible to create 
three non-overlapping wireless channels with on-chip mm-
wave wireless transceivers. Using these three channels we 
overlay the wireline small-world connectivity with the 
wireless links such that a few switches get an additional 
wireless port. The wireless ports have a wireless interface 
(WI) tuned to one of the three different frequency channels.  



3.1. Placement of Wireless Nodes 
The wireless node placement strategy focuses on 

minimizing the optimization metric μ, which is defined as, 

𝜇 = 𝑓
∀

ℎ
∀
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Here hij denotes the minimum distance in number of hops 
from switch i to switch j with the given network connection. 
The fij value denotes the frequency of interaction between the 
switches. To optimize the network for handling L number of 
applications, a combined fij metric is used. This is defined by 
the following formula. 

𝑓 =
1
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where 𝑓  denotes the frequency of interaction between 
switches i and j for a specific application, n. 

3.2.  Data Communication in mSWNoC Architecture 
A small-world network principally has an irregular 

topology [1]. Routing in irregular networks is more complex, 
because routing methods need to be topology agnostic. We 
consider two types of topology agnostic routing mechanisms 
that are shown to be suitable for mSWNoC architectures [8] . 
The two routing methodologies are, Multiple Tree Roots 
(MROOTS)-based routing [9] and Adaptive Layered Shortest-
Path (ALASH) routing [10]. The characteristics and 
performance of these routing methodologies are discussed in 
[6]. Here, we present a brief outline regarding these. 

A. MROOTS Routing Strategy 
This routing strategy utilizes a multiple tree roots 

(MROOTS)-based mechanism [8], [9]. MROOTS allows 
multiple routing trees to exist, where each tree routes on a 
dedicated virtual channel. Hence, traffic bottlenecks can be 
reduced in the upper tree levels that are inherent in this type of 
routing. Breadth-first trees were used during the tree creation 
process to balance the traffic distribution among the sub-trees, 
and to minimize bottlenecks in a particular tree. All wireless 
and wireline links that are not part of the breadth-first tree are 
reintroduced as shortcuts. An allowed route never uses an up 
direction along the tree after it has been in the down path 
once. In addition, a packet traveling in the downward 
direction is not allowed to take a shortcut, even if that 
minimizes the distance to the destination. Hence, channel 
dependency cycles are prohibited, and deadlock freedom is 
achieved [9]. 

B. ALASH Routing Strategy 
ALASH is built upon the layered shortest path (LASH) 

algorithm, but has more flexibility by allowing each message 
to adaptively switch paths, letting the message choose its own 
route at every intermediate switch. The LASH algorithm 
takes advantage of the multiple virtual channels in each 
switch port of the NoC switches in order to route messages 
along the shortest physical paths. In order to achieve 
deadlock freedom, the network is divided into a set of virtual 
layers, which are created by dedicating the virtual channels 
from each switch port into these layers. The shortest physical 
path between each source-destination pair is then assigned to 

a layer such that the layer’s channel dependency graph 
remains free from cycles. A message is not allowed to revisit 
a layer that it has previously traveled in to avoid deadlock 
causing scenarios [6]. 

C. Wireless Interface (WI) 
The two principal WI components are the antenna and the 

transceiver. We use a metal zigzag antenna that has been 
demonstrated in [11], as it provides the best power gain with 
the smallest area overhead. A detailed description of the 
transceiver circuit is out of the scope of this paper. However, 
the transceiver was designed following [1] and has an area 
overhead of 0.25 mm2 per transceiver. For data rates of 16 
Gbps, the wireless link dissipates 1.95 pJ/bit.  

4. Wireless MAC Protocols for mSWNoCs  

 The wireless MAC protocols are required to grant 
wireless channel access to the WIs at any given instant of 
time. MAC protocols prevent multiple simultaneous 
transmissions on a single wireless channel in order to avoid 
collisions. As stated in section 2, mSWNoC is energy, area 
and memory constrained. This makes the design of a MAC 
protocol for the mSWNoC different than traditional macro 
scale wireless networks. Traditional MAC protocols such as 
CSMA with collision avoidance use long back-off time 
counters to avoid collision. In mSWNoC, instead of keeping 
the packets in the buffer and waiting for wireless access, it is 
more beneficial to reroute the packet through the alternative 
wired paths. MAC protocols that involve request and grant 
transmissions generally contain multiple fields of data to 
ensure fairness and high throughput. Such MAC protocols 
with large control data overheads are undesirable for 
mSWNoC. The energy constraint associated with mSWNoC 
makes the MAC protocols that allow packet collisions 
unattractive as they involve high number of re-transmissions.   

So far, the token passing scheme has been adopted for 
mSWNoC as it avoids collision, is fair in sharing the medium 
and involves simple implementation. But, it does not scale 
well with an increase in the number of wireless nodes.  

We propose a new MAC protocol that is suitable for 
mSWNoC. The proposed MAC uses simple orthogonally 
coded request packets, inherits the fairness provided by token 
passing in request processing and avoids the grant 
transmission overhead by similarly processing the requests at 
all wireless nodes. We designate the proposed MAC protocol 
as distributed MAC due to its distributed decision making 
nature. To compare and contrast the performance of the 
proposed MAC protocol, we also present comparative 
performance analysis with respect to the token passing MAC.  

4.1.  Token Passing Protocol 

 When employing the token passing protocol, a switch 
must acquire the circulating wireless token before starting to 
transmit over the wireless channel. After acquiring the token, 
the token is held back until all flits in the wireless port are 
transmitted. Upon finishing the transmission of all the flits, 
the token is released, in the following cycle, to the next WI. 
When a switch does not possess the wireless token, all of the 
packets are routed through wireline-only paths. 



The token returning period increases with the increase in 
the number of wireless nodes assigned to a particular wireless 
channel. When the token is unavailable, either the packets are 
rerouted through costly wired links or forced to wait until the 
return of the token. Hence, the token passing scheme only 
allows a low optimal number of WIs per wireless channel, as 
will be shown in section 5.1. This makes the token passing 
scheme less ideal for larger system sizes. 

4.2.  Basic Distributed MAC Scheme (BDM) 

 In the mSWNoC, since the WIs broadcast the flits into the 
wireless channels, every node inherently possesses the 
channel status. By using this information and a set of simple 
orthogonal codes, the contention among the wireless nodes 
can be resolved.  
 The flow chart explaining the operation of the BDM 
protocol is provided in Fig. 1.  For the BDM scheme, when 
there is no message to be transmitted, the wireless channels 
are used for exchanging request packets. During request 
transmission times, each cycle period is divided into multiple 
bit slots. For a set of N nodes sharing the same wireless 
channel, N bit slots are needed for creating a request packet. 
Every bit in the request packet represents a particular node. 
For example, for a set of 4 WIs sharing the same wireless 
channel, in the request packet of 4 bits (b3 b2 b1 b0), bit b0 
represents node 0, b1 represents node 1 and so on. By 
transmitting a bit value of 1 at the specific bit slot, a WI 
broadcasts a request. To clarify, while transmitting a request, 
node 0 broadcasts 0001 while node 1 transmits 0010 and so 
on. If a node transmits 0000, then there is no request sent from 
that node. All the request codes follow orthogonal on-off 
keying [12] and hence can be transmitted at the same time. 
Therefore each node receives all the request packets, 
simultaneously. Once the requests are received, every node 
processes the requests and one of the WIs acquires the 
wireless channel and starts transmitting.  
 As an example, Figure 2 explains the process of selecting 
the node that acquires the wireless channel, when the channel 
is shared by 4 nodes (N1 to N4). The decision making depends 
on two factors, the last selected node and the list of nodes that 
are requesting the channel.   Among the competing WIs, the 
node that lies closest to the previously selected node (closest 
on the directed graph, in Figure 2(a)) acquires the channel and 
starts transmitting data over the wireless channel. Figure 2(b) 
represents a few example request and node selection 
scenarios. During time T1, only node 1 has sent a request 
packet and hence the wireless channel is acquired by node 1. 
During time T2, two nodes N2 and N3 have sent request 
packets. From the last selected node N1, among the two 
requesting nodes N2 and N3, N2 lies closest to the node N1 on 
the directed graph. Hence at time T2, node N2 is selected as 
the node that acquires the wireless channel. If a wireless 
interface transmits a request and fails to acquire the channel, 
then the corresponding data flits are forwarded through 
alternate wireline paths in the following cycles. 

4.3 Distributed Priority Multicast MAC (DPM) 

There exist a variety of SoC applications that require 
multicast/broadcast, e.g., passing global states, managing and 
configuring the network, implementing cache coherency 
protocols, etc. Hence, we develop a MAC strategy that is 
suitable for multicast traffic scenarios. DPM allows us to 
prioritize multicast packets over unicast packets to take 
advantage of the wireless channels’ broadcast nature. For this 
priority-based distributed MAC protocol, a 2N bit request 
packet is used. Each set of N bits in the request packet delivers 
information similar to the request packet used in the BDM  
 .  
protocol. The first set of N bits is used for unicast transmission 
requests while the second set of N bits represents multicast 
transmission requests. In DPM, a multicast request always has 
a higher priority than a unicast request. If no multicast 
requests are received, then the received unicast requests are 
processed similar to the BDM protocol.  
 In presence of a multicast request, all the unicast requests 
are ignored and the channel is granted to the node that 

Figure 1 Flow chart explaining the distributed MAC 
scheme 
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transmitted the multicast request. In presence of multiple 
multicast requests, using the simple round robin scheme, the 
wireless channel is time shared among all the wireless nodes 
that have transmitted the multicast requests. For the session 
that follows this time shared multicast transmission, any of the 
nodes involved in the time sharing can be considered as the 
last selected node (refer Fig. 2). To avoid this multiple last 
selected nodes scenario and to maintain uniformity over BDM 
and DPM protocols, we always consider the last WI that 
performed unicast transmission over the wireless channel as 
the last selected node.    

4.4 Robustness of  the MAC Protocols 

MAC protocols must have provisions to identify and 
handle erroneous channel accesses. In this secton we explain 
probable failure scenarios and recovery mechanisms 
associated with both token passing and distributed MAC 
protocols.  

A. Token Passing Scheme 
Token passing scheme requires successful forwarding of 

token among the WIs. The loss of a transmitted token can 
potentially stall the wireless data transmissions. Moreover, 
token forwarding happens among the WIs in a specific 
circular order. WI failures affect this token forwarding, 
leading to stalled wireless transmissions. 

Recovery: We can identify the stalling of wireless 
transmissions by constantly monitoring the busy status of the 
wireless channel and the token rotation period. To recover 
from these stalled wireless transmissions, the following 
recovery steps are used.  
1. Once a stalling is identified, the token forwarding 

process is reset and the first node in the circular order 
restarts the token transmission. 

2. In case of WI failures, resetting the token forwarding is 
not sufficient to avoid wireless transmission stalling. 
Once a WI failure is identified, the token passing 
sequence should be re-ordered to avoid wireless 
transmission stalling. While re-ordering, the failed WI 
nodes are left out of the token passing sequence.  

B. Dsitributed MAC scheme 
The distributed MAC scheme is inherently protected from 

WI failures. This is due to the fact that a failed WI would 
never request for wireless channel access.  

In case of distributed MAC scheme, erroneous request 
packets may lead to erroneous channel accesses and 
collisions. This can be explained with the following scenario: 

Consider two nodes, node 1 and node 2 require wireless 
channel access and both have simultaneously transmitted the 
request packet. However, due to wireless channel noise, the 
request packet of node 1 is lost at node 2. With such 
erroneous request packet, the request processing would result 
in conflicting results for both the nodes. If node 2 is the last 
transmitted node (refer Fig. 2), both node 1 and node 2 would 
try to access the wireless channel after request processing, 
leading to collision.  

Recovery: Once a collision is identified, data packet 
transmission is aborted and the request packets are re-
transmitted. 

5. Experimental Results  

 In this section, we evaluate the performance of the 
mSWNoC incorporating the proposed wireless MAC 
protocols elaborated in section 4. We use GEM5 [13], a full 
system simulator, to obtain detailed processor and network-
level information. We consider a system of 64 alpha cores for 
all experiments. Four SPLASH-2 benchmarks, FFT, RADIX, 
LU, WATER [14] and one PARSEC [15] benchmark, 
CANNEAL are considered. The width of all wired links is 
considered to be the same as the flit width, which is 32 bits in 
this paper. Each packet consists of 64 flits. In both wired and 
wireless links we have adopted wormhole routing. The NoC 
simulator uses switches synthesized from an RTL level design 
using TSMC 65-nm CMOS process, using Synopsys™ 
Design Vision. Each switch port has 4 virtual channels. 
Hence, 4 virtual layers are created in ALASH and 4 routing 
trees are created in the MROOTS. All ports except those 
associated with the WIs have a buffer depth of two flits. The 
ports associated with the WIs have an increased buffer depth 
of eight flits to avoid excessive latency penalties while 
waiting for the token [1]. Energy dissipation of the network 
switches, inclusive of the rerouting block, was obtained from 
the synthesized netlist by running Synopsys™ Prime Power, 
while the energy dissipated by wireline links was obtained 
through HSPICE simulations taking into consideration the 
length and layout of wired links.  

5.1. Optimum Number of WIs 

To analyze the benefit of the BDM scheme, we first 
quantify the number of WIs that BDM supports without any 
performance degradation. In order to present the complete 
picture we also show the optimum number of WIs for the 
token passing scheme. Figure 3 compares the performance of 
mSWNoC in presence of the two MAC schemes by varying 
the WI count. We also show the improvement achieved in 
wireless utilization with BDM when compared to the token 
passing MAC. The wireless utilization parameter represents 
the percentage of total messages that are using the wireless 
channels. For these analyses we use the combined fij traffic 
metric, given by (2). This combined fij metric is created using 
all of the five benchmarks stated above. To find the optimum 
number of WIs for both of these MAC strategies, we use 
ALASH based routing. We will elaborate later that ALASH 
performs better compared to MROOTS for mSWNoCs. 
Hence, without any loss of generality we can use ALASH 
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routing for this analysis.  
Under the BDM scheme, the achievable latency improves 

until the WI count reaches a certain limit (18 in this case) and 
then remains constant. Whereas when we consider the token 
passing MAC, the latency reduces until the WI count reaches 
an upper limit (12 here), beyond which it starts to degrade.  
The BDM scheme provides sufficient opportunity for all the 
competing nodes to access the wireless channels and hence 
the wireless utilization continue to increase with increase in 
WI count until the number of messages requesting the 
wireless channel access gets saturated. In case of the token 
passing MAC, as the number of WIs increase beyond a 
certain limit, performance starts to degrade due to the 
increasing token returning period. The unavailability of the 
token forces packets to get routed through more costly 
wireline paths, resulting in the performance deterioration.   

From this analysis it can be concluded that the BDM 
strategy can sustain a higher number of WIs on the same 
wireless channel when compared to the token passing scheme 
and thus provides better scalability. In order to have a fair 
comparison, we consider three wireless channels, each with 4 
WIs, a total of 12 WIs, for both token passing and BDM 
schemes in all our further analyses.  

5.2.   Latency and Energy Analysis 

 Since we are interested in both network latency and 
energy dissipation, we use the energy-delay product (EDP) as 
our performance metric. Average message latency and 
average message energy values are used in this EDP 
computation. Figure 4 presents the normalized EDP with 
respect to conventional mesh for each corresponding 
benchmark for the mSWNoC incorporating both token 
passing and distributed MAC schemes.  
  We consider both MROOTS and ALASH based routing 
mechanisms for EDP analysis.  It can be seen from Fig. 4 that 
mSWNoC achieves a lower latency than the conventional 
mesh architecture regardless of routing and MAC 
mechanisms. This is due to the small-world interconnect 
infrastructure of the mSWNoC with direct long-range wireless 
links that enables a smaller average hop-count than that of 
mesh [1]. As explained in section 5.2, compared to the token 
passing scheme, the BDM scheme enhances the wireless link 
utilization and thus improves both network latency and 
energy. Hence, it can be seen that under both MROOTS and 
ALASH routing schemes, the usage of BDM MAC improves 
the latency.  

 We can also observe from Figure 4 that the improvement 
achieved with BDM over the token passing scheme is higher 
for MROOTS when compared to ALASH. Unlike MROOTS, 
ALASH routing strategy uses shortest path routing which 
results in optimal average hop count. Hence ALASH provides 
a lesser opportunity for performance improvement through 
wireless utilization enhancement when compared to 
MROOTS. However, even with the BDM-enabled 
performance enhancement, MROOTS is still unable to 
achieve the performance provided by ALASH. Hence, we will 
only consider ALASH routing for further discussions in later 
subsections. 
 Among the applicatons analyzed, LU has the  highest 
fraction of  long range communication requirement  and 
WATER has the most skewed traffic pattern. These types of 
traffic patterns allow for larger performance improvements 
through wireless utilization enhcancement, as LU providing 
23% EDP improvement and WATER  showing 21% 
improvement using BDM over token MAC.   

5.3.  Performance Analysis Under Multicast Loads 

 Transmission of multicast traffic results in packet 
replication. When routing multicast packets through wired 
links, each replicated packet requires a separate transmission 
to its destination node. The mm-wave wireless channel on the 
other hand is a broadcast medium and the multicast packets 
can be forwarded to multiple destinations in a single 
transmission and hence is more suitable for multicast.  
 Figure 5 represents the improvements achieved in latency 
and energy dissipation by adopting the DPM scheme over the 
token passing scheme. The simulated traffic injection pattern 
follows a uniform distribution where the injected messages are 
both unicast and multicast. The percentages of multicast 
messages in the total simulated messages are varied from 10% 
to 30%. Unlike the token passing scheme, DPM policy 
prioritizes multicast and allows most of the multicast 

 
(a) 

 

(b) 
 

Figure 4: Average EDP of mSWNoC with BDM and 
Token passing MAC using (a) ALASH routing and (b) 

MROOTS routing 

Figure 3: Latency and Wireless utilization improvement 
achieved with BDM over token MAC with varying WI 

count. 

0.3

0.4

0.5

0.6

RADIX LU FFT WATER CANNEAL

N
or

m
al

iz
ed

 
ED

P

Token MAC BDM

0.4

0.5

0.6

0.7

RADIX LU FFT WATER CANNEAL

N
or

m
al

iz
ed

 
ED

P

Token MAC BDM

0%

10%

20%

30%

74
75
76
77
78
79
80
81

6 9 12 15 18 21

Im
pr

ov
em

en
t i

n 
w

ire
le

ss
 u

til
iz

at
io

n

La
te

nc
y 

in
 C

yc
le

s

WI count

Token-Latency BDM- Latency
wireless utilization improvement for BDM w.r.t Token MAC



transmissions to be carried by the wireless channels. Thus the 
DPM scheme reduces the amount of transmissions required, 
resulting in the enhancement of both network latency and 
message energy.  It can be seen in figure 5 with increase in 
multicast messages, DPM becomes more efficient than the 
token passing scheme. When 30% of the total messages are 
multicast, DPM provides 20% latency reduction and 40% 
energy enhancement over the token passing scheme.   

5.4. Overheads Associated with the MAC protocols 
 The MAC schemes introduce overheads in terms of 
channel access time and area. Figure 6 shows the required 
channel access time for both the MACs. It is evident that as 
the number of WIs increases, the channel access time for 
token passing mechanism increases more rapidly than the 
distributed MAC scheme. The token has to pass through 
multiple nodes before reaching the node that requires wireless 
channel access. Each token passing involves a token 
transmission and a processing period, contributing to higher 
access time. Distributed MAC avoids this multiple token 
passing and requires only one request transmission period and 
one request processing period to access the channel.  

Token passing scheme introduces only an area overhead 
equivalent to 3 two input nand gates in each WI, whereas 
distributed MAC requires an area equivalent to 46 two input 
nand gates. This additional area overhead in distributed MAC 
arises due to the request decoder and request analyzer. 
However, this area overhead is negligible when compared to 
the overall area of a NoC switch.  

6. Conclusion 

Millimeter-wave small world wireless NoC (mSWNoC) is 
an enabling interconnection architecture to design high-
bandwidth and low-power multicore chips. Due to area and 

energy constraints, most of the existing works on mSWNoC 
uses a simple token passing MAC scheme, which has several 
shortcomings limiting the wireless link utilization. To address 
these shortcomings without introducing significant overhead, 
we propose a distributed MAC protocol. The distributed MAC 
scheme supports a higher number of wireless nodes compared 
to token passing without deteriorating the achievable 
performance. The distributed MAC scheme improves the 
utilization of wireless shortcuts when compared to token 
passing scheme, enhancing both message latency and message 
energy values. Depending on the traffic patterns, the proposed 
scheme provides up to 23% EDP improvement over the token 
passing mechanism. By prioritizing the multicast traffic for 
wireless transmissions, the distributed MAC protocol provides 
about 20% latency improvement and 40% energy 
enhancement over the token passing scheme when the 
multicast traffic is significant   (30% of total traffic).  
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Figure 6: Channel Access Time of the MAC schemes 

 
Figure 5: Latency & energy improvements achieved with 

DPM over the token passing MAC for multicast traffic 
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