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Abstract 

The IEEE 802.11 DCF forces neighboring nodes of an active transmitter to switch into inactive state. 
This conservative nature brings frame latency at transmitter neighborhood. This work exploits the IEEE 
802.11n Frame Aggregation scheme to allow simultaneous transmissions from nodes that are neighbors 
to each-other. This is accomplished by the synchronization of control and data transmissions in slots of 
fixed length. Proposed scheme reduces the frame latency and improves aggregated network throughput. 

 

1. INTRODUCTION 

The DCF of CSMA/CA based IEEE 802.11 [1] standard has 
been accepted as the prime wireless channel access 
mechanism for wireless ad-hoc networks. In order to reduce 
the repeated contention overhead, the 802.11e [2] and 
802.11n draft [3] introduce Transmission Opportunity 
(TXOP) limit, Block Acknowledgement (BA) and Frame 
Aggregation (FA) [3-5] schemes. These schemes offer 
several data frame transmissions within single TXOP. Both 
BA and FA schemes improve the peer-to-peer throughput for 
sender-receiver pairs. However, large frame size or 
prolonged wireless medium occupancy defers other 
transmissions for a longer period. Eventually the network 
performance degrades, and Multimedia and other QoS 
services are dropped out due to timeouts. 

This work concentrates on frame latency reduction at the 
neighboring nodes of an active transmitter-receiver pair. 
Proposed Slotted Transmission scheme uses mutually non-
interfering parallel transmissions avoids the carrier sense 
stages during parallel transmissions and reduces the frame 
latency. 

We begin by presenting the motivation of the work with 
some of the related works, in the next section. Section 3 
describes our proposed MAC protocol and the performance 
analysis is presented in the section 4. Section 5 concludes the 
paper. 

2. MOTIVATION AND RELATED WORK 

A node switches to the virtual carrier sensing mechanism and 
updates its network allocation vector (NAV) with duration of 
transmission when it overhears an RTS, CTS or DATA frame. 
The NAV is decremented in each time-slot and the node 
refrains from transmitting until this value reaches to zero. 
When the NAV expires in the nodes that were waiting for 
transmit data, it switches to the physical carrier sense and 
contend for medium access. 
Awaiting frames experience latency during the virtual and 
physical carrier sense procedures. The length of the delay is 
the remaining part of the NAV plus the contention period. In 
mathematical form: 
Frame latency, ( ) ( )DIFS Backofft T Tδ ν= − + +  (1) 

where,  ν is the initial NAV value (time) and t is the arrival 
time of the data frame. 
The first component in (1) depends on the size of current 
data frame, whereas, the second part is for the contention. 
The second part maintains the collision avoidance.  
From (1), we find that the frame latency can be reduced by 
either allowing parallel transmission during the virtual sense 
mechanism; or by avoiding medium contention whenever 
possible. The first method requires distributed and precise 
synchronization between the parallel flows and the second 
one requires a collision avoidance procedure as well as 
efficient handling of the hidden and exposed terminals. 
HomeRF [6], Bluetooth [7] and IEEE 802.16 (WMAN 
protocol) [8] are the standardized forms of multi-channel or 
centrally coordinated protocols that allows parallel 
transmissions. A few proposals on distributed protocols for 
single channel parallel transmissions are available. Parallel 
transmissions using transmission power control is proposed 
by Sigh et al. [9]. However, the power control from MAC 
requires enhancements in the physical layer. The MACA-P 
[10] uses a delay between the first RTS signal and data 
transmission to schedule parallel transmissions; which adds 
delay and scheduling computation. There are some solutions 
with directional antennas [11] causing an increased cost.  
In contrast, our proposed scheme uses the basic 802.11 DCF 
architecture without any enhancement in the physical layer. 
We synchronize the parallel transfers using available control 
frames and the synchronization itself avoids interference and 
collisions. 
3. PROPOSED SLOTTED TRANSMISSION 

Parallel transmissions require precise synchronization to 
keep them away from interference. Figure 1 shows the basic 
principle of such synchronization. Transmitter T1 does not 
interfere at receivers R2 and R3 because they are out of range. 
Again, if the T2 and T3 transmit data in parallel, they do not 
interfere at other receivers. Similarly if R1, R2 and R3 send 
their acknowledgements to their corresponding transmitters 
simultaneously, the signals do not interfere at other 
transmitters. Although the idea is simple, it is very difficult to 
implement when data frame sizes are different or they start 
transmissions at different time instants. In such a case, the 
receiver of the smallest data frame (for example R1) would 
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(Fig. 3) Parallel Transmission Synchronization

 

acknowledge immediately after an SIFS interval and T1 will 
experience interference for the signals from T2 and T3. 

Frame Aggregation and Transmission Slots 

To synchronize data (and RTS) and control (ACK/CTS) 
frame transmissions, we propose to convert variable length 
data frames into a fixed length frame (or fixed length 
fragments) using the Frame Aggregation Scheme. The fixed 
length transmission time is termed as Transmission Slot. We 
use the maximum allowable frame (or fragment) size of the 
MAC as the common fixed length (Fig. 2). Lacking number 
of bytes is padded by a dummy frame at the end which is 
disregarded at the receiver during dispersal. 

As transmission slots add overheads and considering the little 
frame latency for smaller frames, we introduce Slot 
Threshold for slotted transmission initiation. From 
experimentation, we set the value of SlotThreshold to the half 
of the maximum fragment size. So, a transmitter would 
initiate slotted transmission if and only if the frame size 
(single or aggregated) is greater or equal to the half of 
maximum fragment size. When the node (Initiator) gets the 
TXOP, it sends RTS frame to the receiver and the 
transmission slot starts after the RTS/CTS exchange. Nodes 
overhearing the RTS signal in the transmitter neighborhood 
extract the slot-start time from the duration field.  

Parallel Transmissions 

Neighboring nodes of the Initiator can start a parallel 
transmission during an existing transmission slot(s) subject 
to the following conditions: 

(a) The node has data frame(s) to send 
(b) The node overheard the RTS from the Initiator 

(NAV is set due to RTS of the Initiator), 
(c) The node did not receive any CTS frame from any 

of its neighbors 
Condition (a) is straight-forward, condition (b) confirms that 
slotted transmissions exist in its neighborhood; so it can 
avoid the DCF contention, and, finally, condition (c) 
confirms the absence of any receiving station in its 
neighborhood where its signal might interfere. 

Parallel Transmission Synchronization 

Depending on the size compared to the RTSThreshold, the 
node determines the parallel transmission start time ( )st and 
the pad length for aggregation using the following equation: 

1
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where, L, ,RTSTh τ and λ represents the frame size, 
RTSThreshold, slot duration, and the arrival time of the data 
frame in the current slot respectively, iφ  is the current (i-th) 

slot start time, and, dataT is the round trip time for the frame. 

The first case in (2) is for transmissions that can be 
completed within remaining slot time without RTS/CTS 
exchange. If the remaining time is not enough for the 
RTS/CTS less transmissions, then the second case is chosen. 
In such cases, the next (i+1-th) slot is used bypassing 
physical carrier sense and random Backoff. The third case in 
(2) is used when the parallel transmissions require RTS/CTS 
exchange. In the 2nd and 3rd cases, data frame is transferred in 
the next slot whether the Initiator uses it or not. Fig. 3 shows 
how the start time synchronize the parallel transmissions. 
By selecting appropriate transmission start time within a slot 
we avoid collisions and interference between the parallel 
flows. The starting time and fixed length of data frames 
ensure proper synchronization of acknowledgements and 
CTS frames from the receivers. 
 
4. PERFORAMNCE ANALYSIS 

We consider a two-hop network topology from the 
transmitter where frame arrival follows Poisson distribution. 
216 Mbps and 6 Mbps rates for data and control frames have 
been used. We went through a two-stage performance 
evaluation; first, finding the impact on flow throughput for 
single flow, and the second, observing the network efficiency 
for the parallel transmission cases. 
 
4.1 Single Flow Performance 

To observe the impact of padding overhead, we plot the 
average throughput for different payload sizes. Figure 4 
shows single flow performance of our protocol compared to 
the legacy 802.11. Throughputs of both protocols are 
identical for payload size smaller than the SlotThreshold.  

 
 

(Fig. 1) Synchronization Principle 

(Fig. 2) Transmission Slot using Aggregation 
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Shaded components in figure 4 identify the regions where the 
slotted-transmission performance degrades. Both schemes 
offer same throughput when payload size is the multiples of 
maximum fragmentation size and the performance of the 
proposed protocol degrades as payload size is away from the 
next multiple. This degradation in performance is caused by 
the pad sizes for different payload sizes. 
 
4.2 Parallel-Flow Performance 

At this stage, we allowed parallel flows for fixed-length 
frames and the corresponding frame latency and overall 
network throughput have been observed. We find a 
distinguished reduction in frame latency and large gain in 
overall throughput for the parallel flow case. 

Figure 5 shows observed frame latencies for both legacy and 
proposed protocols for several payload sizes and random 
arrival time. Shown arrival time is relative to the first frame 
arrival time. Frames experience high latency in the legacy 
DCF compared to the slotted transmission. 
Figure 6 shows the aggregated network throughput for 
parallel flows. Legacy protocol provides constant throughput 
for same size payloads for serial transmission. Each frame 
contends for medium access, so each frame experience DIFS 
plus a random Backoff delay. In contrast to this, slotted 
transmission avoids both physical and virtual carrier senses 
and frames are transmitted within the current or next 
transmission slot.  
 
 
 

5. CONCLUSION 

This work proposes a MAC protocol that reduces frame 
latency and enhance overall network throughput. Frame 
aggregation is used to control the frame transmission 
duration to synchronize parallel acknowledgements. Distinct 
advantage is observed when parallel flows are opened within 
the transmitter neighborhood. Frames experience little 
latency and the overall network throughput increases 
compared to the legacy 802.11 MAC. To find out the 
maximum number of parallel flows, network limit and 
probabilistic analysis of the proposed mechanism are the 
open issues for future work. 
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(Fig. 4) Single Flow Performance 
 

 
 

(Fig. 5) Frame Latency different Payload
 

 

(Fig. 6) Aggregated Network Throughput 
 


