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Abstract—Immersive 360-degree video delivery is more and 
more widespread. New use cases are constantly emerging and 
make it a promising video technology for Extended Reality 
applications. Viewport Dependent Delivery (VDD) is an 
established technique used for saving network bit rate when 
transmitting omnidirectional video. One of the hardest 
challenges in VDD of 360-degree video is how to ensure that the 
video quality in the user’s viewport is always the highest 
possible, independent of the user’s head motion speed and span 
of motion. This paper introduces the concept of viewport 
margins.  These can be understood as an extra high-quality 
spatial safety area around the user’s viewport. Viewport 
margins provide a better user experience for the receiver by 
reducing the Motion to High Quality Delay and the percentage 
of low-quality viewport seen by the user. We provide simulation 
results that show the advantage of using viewport margins for 
real-time low-delay VDD of 360-degree video. In particular, for 
a head motion of 90 degrees, using a 10-30% margins can reduce 
the percentage of viewport at low quality by 5-10% and using 
30% margins reduces the motion to high quality delay to zero 
for head speeds up to 360 degrees per second, when the viewport 
feedback is sent every 33ms. 

Keywords—360-degree video, omnidirectional video, viewport, 
margins, MPEG OMAF, 3GPP MTSI, streaming, immersive 
video, extended reality, real-time video. 

I.   INTRODUCTION 

The technology field of Extended Reality (XR) attempts 
to embrace use cases in the context of Virtual Reality (VR), 
Augmented Reality (AR) and Mixed Reality (MR). XR covers 
an enormous amount of applications that range from 360-
degree content streaming using Head Mounted Displays 
(HMDs), to real-time conferencing extended with immersive 
video, XR gaming, reality augmentation with content played 
over AR glasses, among others. Use cases range from on-
demand delivery to low-delay conversational transmission 
and may have a low or a high level of interactivity with the 
content which is received by the users. From the standards 
perspective, the Third Generation Partnership Project (3GPP) 
has recently finalized a study that includes several use cases 
for XR [1]. 

  For transmission of 360-degree video there are typically 
two approaches that could be followed: a) viewport 
independent delivery (VID), and b) viewport dependent 
delivery (VDD) [2]. With VID, the whole 360-degree video is 
transmitted at the highest desired video quality. This implies 
that the user’s viewport is always rendered at the highest 
quality, regardless of user’s motion. However, the 
disadvantage is given by the fact that a large amount of 
bandwidth is required to transmit the whole omnidirectional 
video at the highest quality. Conversely, VDD is based on the 
idea that just a portion of the whole 360-degree sphere 
(typically 1/8th or so) is watched by a user at any given point 
of time and, therefore, there would be no need to transmit the 
whole sphere at high quality, but it could be sufficient to 

transmit just the portion that covers the user’s viewport, while 
the rest of the sphere could be delivered at a reasonably lower 
quality (background video). This is an effective method to 
save transmission bandwidth. However, the drawback is given 
by the fact that the so-called Motion To High Quality Delay 
(MTHQD) [2] could be potentially high for the end user and 
may produce (an even temporary) degradation of the Quality 
of Experience (QoE). The MTHQD is defined as the delay 
elapsed between the time the user moves his/her head out of 
the current viewport and the time the user stops the motion to 
land in another viewport position within the 360-degree video. 
The MTHQD for VID is inherently zero, since any head 
motion lands in a portion of the sphere which is delivered at 
the same identical higher quality, and this operation is cost-
free from user’s QoE perspective. Differently, the MTHQD 
for VDD depends on several factors, such as the video tiling 
strategy, the transport packetization strategy, the head speed 
and the span of motion, among the other reasons. In VDD, the 
MTHQD is non-zero because the area outside of the viewport 
(i.e., the background video) is transmitted at a lower quality, 
and when the user at a given time instant moves the head to an 
area outside the viewport, the only video quality available for 
the new orientation at that same instant is the lower quality 
video. The receiver would need first to communicate to the 
sender the new head orientation, and then wait until the sender 
responds with an updated viewport at high quality which 
corresponds to the new head orientation. This process takes 
often much more than one network Round Trip Time (RTT) 
to complete, because of internal processing delays due to 
video coding and/or transport reasons (see Fig. 1). 

The benefits of VDD have been shown by prior art, for 
example [3-6], where the authors have proved that this 
technique can efficiently decrease the network bandwidth 
requirements by up to 70%. Furthermore, the authors of [6] 
propose a rate adaptation strategy which is based on three 
regions of priority: Z1 containing the centre tile; Z2 containing 
the surrounding tiles; Z3, containing all other tiles. The 
strategy assigns higher weights to the tiles close to the current 
viewport orientation. The work in [7] presents a full sphere bit 
rate estimation algorithm, which is an Adaptive Bit Rate 
technique (ABR) for tiled omnidirectional video content that 
reuses existing ABR algorithms developed for 2D video. The 
authors implemented it in an MPEG Omnidirectional MediA 
Format (OMAF)-based Dynamic Adaptive Streaming over 
HTTP (DASH) player.   

This paper proposes the concept of viewport margins to be 
used in a VDD for a real-time immersive video scenario. To 
the best of our knowledge, this concept has not been explored 
to the extent we do in our work. Viewport margins can be 
intuitively understood as extra borders added to the user’s 
viewport in order to build a spatial high-quality safety area 
around the user’s viewport. The immediate advantage of using 
margins is that, upon head motion, the MTHQD is greatly 
reduced. A second advantage is that the percentage of low-



quality viewport seen by the user is also reduced, resulting in 
an overall increase in QoE. For experimentation, we consider 
here the most challenging use case, which covers real-time 
low-delay VDD of 360-degree video and provide simulation 
results that show the usefulness of using viewport margins in 
practical implementations. 

 
Fig. 1. Illustration of Motion To High Quality Delay in RTP-based VDD. 

Our work is structured as follows. Section II expands and 
elaborates on the core concept of viewport margins, giving 
different options for implementation. Section III includes our 
experimentation work, from the set-up environment, to the 
metrics used, and finally the simulation results. Section IV 
concludes the paper.  

II.  VIEWPORT MARGINS 

This section contains a more detailed description of 
viewport margins. In a 360-degree video, the viewport 
constitutes the portion of video that is rendered to a user with 
an HMD or a 2D display. Typically,  the horizontal and 
vertical Fields of View (FoVs) are in the range of 70-120 
degrees, depending on the rendering device.  

The activity of watching 360-degree video is highly 
dynamic in nature, since users tend to explore content which 
is beyond their current viewport, because of curiosity or 
because they are led by the content creator’s intent (e.g., by 
using spatial audio), or because the content type requires 
exploring the video in one or more possible directions. This 
characteristic of user motion patterns, different from typical 
2D video watching on a limited FoV device, poses challenges 
in VDD of 360-degree video. On one side of the spectrum, the 
best performance of VDD are achieved with little or no user’s 
motion. On the other hand, the user’s head motion speed and 
span of motion may worsen the performance of VDD. In fact, 
a high motion speed puts the system under stress, since it has 
to react fast for responding to the user’s request of fast 
updating the viewport to a completely new orientation. If the 
span of motion is large, and the user lands on a far place within 
the 360-degree space, the issue is even worse, because the 
system may try to catch up by delivering all viewports at 
intermediate orientations and at a higher speed until the user’s 
head lands into a new steady orientation [8]. The result may 
be additional rendering delays, a slower system response time 
and a lower QoE caused by an increased MTHQD. Since it is 
hard to enjoy 360-degree videos while keeping a steady head 
position, typically small movements are always possible, and 
it would be desirable to keep delivering always the best video 
quality also in these situations. 

A. Motion To High Quality Delay (MTHQD) 

Fig. 1 [9] illustrates a signaling chart in a Real-Time 
Protocol (RTP) based 360-degrees video VDD system. The 
sequence starts with the sender transmitting RTP video to a 
receiver. At a given time VC the user’s head changes 
orientation, and the receiver is ready to transmit the 
information of new head orientation to the sender, but not 
earlier than a given delay for transmitting the next Real-Time 
Control Protocol (RTCP) feedback with viewport orientation 
data. Subsequently, the sender performs the needed 
processing (e.g., video coding operations) and responds by 
delivering the RTP video stream with the new viewport 
orientation, which is transmitted to the receiver at time VD, 
and rendered at time VR. The MTHQD may, therefore, be 
easily calculated as [10] 

 
                   MTHQD = Vk_TS – Vi_TS                         (1) 

 
where Vi_TS is the RTP timestamp of any of the packets 
belonging to the first rendered video frame on the viewport 
Vi where part (i.e., at least one degree) of the viewport is not 
at high quality, and Vk_TS is the RTP Timestamp of any of 
the packets belonging to the first successfully rendered video 
frame with the new viewport Vk where the whole viewport is 
at high quality. In the presence of continuous motion, Vk will 
correspond to the viewport at the end of the motion. 

B. Viewport Margins Concept 

Viewport margins are defined as a spatial extension of the 
viewport. In other words, they are extra borders which are 
added to the user’s viewport in order to build a high-quality 
safety area around it. Margins may extend the viewport along 
one direction (e.g., horizontal), by adding an extra boundary 
to the left and right sides of the viewport, in order to handle 
horizontal head motion. In a complete solution, margins could 
extend the viewport in both the horizontal and vertical 
directions, in order to handle any possible head motion. 
Viewport margins could be defined as a spatial viewport 
extension in terms of number of degrees (e.g., 30 degrees 
margins in all directions, or 30 degrees in the horizontal 
direction and 20 degrees in the vertical direction) or as a 
percentage of the viewport FoV size (e.g., 20% extra FoV in 
all directions) or expressed in terms of resolution (e.g., 
number of extra pixels in any direction). 

It should be pointed out that viewport margins may be 
considered also as a means to operate graceful quality 
degradation. For instance, it could be possible to define 
margins at an intermediate quality between the viewport video 
quality and the background video quality. Or it could as well 
be possible to define multiple margins, where each margin 
extends the previous one, at decreasing quality levels between 
the viewport video quality and the background video quality. 

Viewport margins are meant to extend the high-quality 
video area in the viewport. For this reason, the total bit rate of 
a 360-degree video stream is slightly increased (depending on 
the extent of margins), compared to the same video stream that 
does not make use of margins. However, it is possible to trade-
off the extra bits allocated for the margins with bits from the 
background video, in order to keep a given fixed network 
bandwidth. 



 
Fig. 2. Symmetric (a) and Directional (b)(c) viewport margins (top view). 

 There can be two types of viewport margins: symmetric 
margins and directional margins. Symmetric margins extend 
the viewport symmetrically on both sides along one direction. 
For example, 30 degrees total extra margin, which means half 
of it respectively to the left and the right sides of the viewport 
and 20 degrees total extra margin which means half of it to 
each of the top and bottom sides of the viewport, are a possible 
way to define static symmetric margins. Directional margins 
are dynamic in nature. The idea is that a margin would 
dynamically expand in the same direction of the head motion 
until the motion stops or until a given maximum margin size 
is reached. At the same time, the viewport margin in the 
opposite direction to the motion (but along the same axis) 
would shrink of the same amount of degrees (or percentage or 
pixels). The shrink would be down to the minimum (i.e., zero) 
as the margin extension reaches the maximum on the other 
side. This sliding margin mechanism ensures that an 
increasing viewport margin is dynamically allocated in the 
direction of the head motion where there is more need for 
concealing the MTHQD caused by the user’s head motion 
and, therefore, extending the high QoE up to a certain degree. 
At the same time, the mechanism guarantees that, by shrinking 
the margin in the opposite direction by an equal amount, the 
total transmission bit rate is not exceeded but approximately 
maintained all the time. Fig. 2 shows an example of viewport 
margins (top view of the whole sphere), where a) includes 
static symmetric margins, or exemplifies a scenario with 
directional margins in which the head is stationary because of 
absence of motion; b) and c) show dynamic directional 
margins where the head turns respectively in the clockwise 
and anti-clockwise directions. 

In advanced implementations, mixing the usage of both 
symmetric and directional margins is desirable. For example, 
it may be recommended to use fixed symmetric margins up to 
a certain head speed X, and switch to directional margins for 
head speeds > X [11]. Furthermore, margins may be unevenly 
extended around the viewport with larger margins in the 
direction of the predicted head motion, e.g., based on audio 
input, motion tracking or other application level functions. 

C. On Receiver’s Awareness 

Implementations may make use of different types of 
receiver’s awareness about viewport margins. This sub-
section stresses the importance of such awareness and is 
particularly relevant for real-time low-delay conversational 
360-degree video systems, such as the 3GPP Multimedia 
Telephony Service over IMS (MTSI) which is currently being 
extended to support omnidirectional video delivery [12], and 
is based on RTP and RTCP [13] transport. However, the 
authors of this paper would also like to stress that the use of 

viewport margins has equal importance and value on non-low-
delay 360-degree video streaming systems, such as those 
based on the MPEG OMAF standard [15]. 

There are three possible approaches for receivers in 
systems that deliver 360-degree video using VDD and 
viewport margins: 

1) No awareness. In this case, viewport margins are used 
by the sender, and the video is delivered using margins. 
However, the receiver is neither aware of the use of margins 
nor of their extent. As a consequence, the receiver may trigger 
viewport feedback with new head orientation information 
(e.g., RTCP feedback with viewport orientation data which is 
usually sent in a continuous or event driven manner) 
unnecessarily every time the user’s head moves through the 
margin high quality area [16]; 

2) Receiver Aware. In this case, the sender has a 
mechanism to signal the receiver both the usage of the 
viewport margins and also their extent, as well as the margin 
type. This allows reducing the need for viewport updates due 
to small head motion. If the receiver knows the amount of 
viewport margin used, it is able to reduce or modulate the 
frequency of the RTCP viewport feedback (or not trigger the 
immediate RTCP viewport feedback mode [14]) because the 
knowledge of the extra margin gives the receiver extra 
intelligence to manage the RTCP viewport feedback and its 
timing rules [16]. 

3) Receiver Aware with Interactivity. In this case, all 
conditions and benefits of the previous case hold. In addition, 
the margin sizes can also be negotiated between sender and 
receiver (e.g., via the Session Description Protocol (SDP) 
[17]), and the receiver can select its preference of viewport 
margin sizes or type. Also, during a session, the sender or the 
receiver may signal new values of viewport margins, for 
adapting to new video coding and/or transport conditions 
(e.g., upon change of the video tiling scheme). 

D. Margins and Adaptive VDD of 360-Degree Video 

The use of viewport margins is tightly related to 
adaptation in varying network conditions. We foresee these 
typical cases [18]: 

• Viewport margins may be gradually extended over 
their initial size by probing the network. A larger 
margin may be used when the MTHQD is high and 
the network is congested.  

• A low MTHQD would indicate that the sender should 
use the available bandwidth for a higher quality 
viewport instead of larger margins. In this case 
reduced margins can be used.    

III.    EXPERIMENTS 

We ran experiments to understand the benefit of using 
viewport margins in VDD for a real-time conversational 
system. We assumed a system with a 360-degree video sender 
capable of delivering a VD stream with VD encoding (higher 
quality region for the viewport and lower quality for the 
remaining sphere) at 30 frames per second (fps). No other 
constraints about the videos were assumed (e.g., encoder type, 
encoding bit rate, video resolution or video genre). For 
simplicity, we assumed no server delay, i.e., the server was 
able to update the stream with a new viewport region as soon 



as it received the new viewport orientation information. The 
receiver sent viewport feedback using RTCP messages [14] 
with a fixed interval. In our experiments, we tried two 
intervals: 33ms and 100ms. Since we used a 30fps video, a 
viewport feedback every 33ms is near to one every frame, and 
a feedback every 100ms is one every three frames. The 
networks RTT was fixed at 20ms (there is no other constraint 
on the network, such as bandwidth limitations). From the time 
a feedback with viewport information was sent, it takes one 
RTT for the stream with the new viewport to arrive at the 
receiver. The experiments assume viewport-dependent 
encoding with no tiles for maintaining higher quality in the 
viewport region. In case of tiles usage, the results will be 
different as the margins will have to match the tile boundaries.  

The feedback intervals we used were within the 5% RTCP 
bandwidth limit for 360-degree video. Table I shows the bit 
rate achieved for each interval assuming a packet size of 96 
bytes for the RTCP packet (including viewport feedback 
information). The table also provides the minimum media bit 
rate for which the required RTCP rate is no more than 5%. 
Even for 33ms, the required RTCP rate is well within 5% of a 
media stream at 465kbps in a point-to-point scenario. The 
typical video bit rates for 360-degree video are much higher 
than this value. 

TABLE I.  RTCP Feedback interval and Required RTCP Rate 

RTCP 
Feedback 

Interval (ms) 

RTCP Feedback bit rate 
(kbps) 

Lowest Media 
rate for 5% limit 

(kbps) 

33 23.3 465 

100 7.7 154 

 

Our experiment was designed to simulate a head motion 
of 90 degrees in the clockwise horizontal direction at various 
speeds. We used head speeds starting at 1 degree per second 
(dps) up to 360dps (step size of 5dps) and a viewport size of 
90x90 degrees.  Two metrics were observed:  

• The MTHQD was calculated as defined in section 
II.A.  

• The percentage of low quality (LQ) viewport region 
was calculated by taking the ratio of the average 
degrees (horizontal) of the LQ region in the viewport 
and the total width of the viewport (90 degrees).  

A. Viewport without Margins 

Figs. 3 and 4 show the results in the absence of margins. 
The MTHQD in this case lasts from the time the motion starts 
till it ends. Hence, the MTHQD is 81s at a speed of 11dps for 
our simulated 90 degrees of head motion when the feedback 
interval is 100ms, as shown in Fig. 3. This is expected since 
the viewport has no spatial buffer for handling the head 
motion. Since we trigger the MTHQD when the amount of 
low-quality content in the viewport is at least one degree, the 
MTHQD is zero for slower speeds. This is because the 
receiver is able to send a viewport feedback and receive an 
updated viewport before a full one degree of movement is 
finished. The MTHQD value decreases with increasing speed 
because the head remains in motion for a shorter duration. Fig. 
4 shows the LQ region in the viewport, which increases with 
the speed of the head. The two feedback intervals we used 
have a small effect on the MTHQD since they are only 67ms 
apart. However, the LQ viewport region is higher for the 

larger interval. The steps in the LQ viewport region curve are 
seen because of the alignment of viewport changes and the 
feedback interval. When a significant viewport change 
(greater than one degree) occurs just before a scheduled 
feedback report, the number of frames with low-quality 
content in the viewport drops. For higher speeds, the change 
in the viewport is faster, so the LQ viewport region is higher.  

 
Fig. 3. MTHQD in the absence of margins (logarithmic Y scale). 

 

Fig. 4. LQ Viewport region in the absence of margins. 

B.  Viewport with Margins 

We now present results when margins were used around 
the viewport. We defined margins as a percentage of the 
viewport, using three values: 30%, 20% and 10%. A margin 
of 10% implies that an additional 10% of the viewport size 
can be added as a margin area around the viewport resulting 
in a 10% increase horizontally and a 10% increase vertically. 
Since we simulated only horizontal motion, the vertical 
extension does not come into play during the experiments. 
This extension can either be (a) symmetric, i.e., a 5% 
additional margin extension is added to both the left and right 
side of the viewport or (b) directional, i.e., the margin is 
extended farther in the direction of motion. Directional 
margins follow these rules:  

 
i. For head speed < 50dps, the margin is the same on 

each side (i.e., symmetric margins are used); 
ii. For head speed ≥ 50dps, the full margin is in the 

direction of motion (i.e., directional margins are 
used).  

 
Fig. 5 shows the MTHQD for a 10% margin, which is 

significantly lower in comparison to the no margin case for 
slower speeds. The objective of the margin is to provide 
enough spatial buffer of high-quality region for the receiver 
to send a viewport orientation feedback update, and for the 
sender to update the viewport before the viewport exceeds the 
margin. As long as this holds true, the MTHQD is zero. The 



graph in Fig. 5 shows that with a 10% margin, when the head 
is moving at speeds < 50dps, the MTHQD is almost always 
zero. Using directional margins, MTHQD is zero even for 
speeds as high as 80dps. Faster feedback interval helps reduce 
the MTHQD for even higher speeds to zero. For all schemes 
and intervals, at a certain point the speed of the head was high 
enough that we started observing MTHQD values that were 
similar to other less optimal schemes.  

 

 
Fig. 5. MTHQD with 10% margins (logarithmic Y scale). 

 
Fig. 6. LQ Viewport region with 10% margins. 

However, even at this stage, the margin still reduced the 
percentage of LQ viewport region as shown in Fig. 6. Figs. 
7-8 show results for a 20% margin. A symmetric 20% margin 
behaves exactly like a 10% directional margin in this case, 
since in both cases we have a 10% margin in the direction of 
motion. The sudden increase in LQ viewport region, such as 
the one seen at 261s in Figure 8 for the symmetric curve with 
100ms feedback interval, is when the number of frames with 
LQ content drops. This happens due to faster speeds or 
alignment of last viewport update with motion stop (resulting 
in a viewport update where the margin covers the last few 
degrees of motion and the MTHQD ends sooner) or 
alignment of the MTHQD trigger with the viewport update 
before it (where the margin delays the trigger and the 
MTHQD starts later). The LQ viewport region also depends 
on how much of the viewport is at low-quality, which is 
different depending on the speed of the head and the 
alignment of viewport changes with the rendering times 
(since the values are calculated at rendering time).  

Finally, Figs. 9-10 show results for 30% margins, where 
the MTHQD is eliminated for all the speeds we tested when 
the viewport feedback interval of 33ms is used. For a 
feedback interval of 100ms, a directional margin is observed 
only for speeds over 250dps and even then, the LQ viewport 
is under 2% of the viewport size. 

 

Fig. 7. MTHQD with 20% margin (logarithmic Y scale). 

 

Fig. 8. LQ Viewport region with 20% margin. 

  

Fig. 9. MTHQD for 30% margin (logarithmic Y scale). 

 

Fig. 10. LQ Viewport region with 30% margin. 

IV.DISCUSSION 

In the previous section, we have shown that directional 
margins can reduce both the MTHQD and the extent of low-
quality content in the viewport during head motion. Our 
experiments considered only head speed and direction for the 
margin extension. However, more intelligent schemes can be 
used. For example, margin extensions can be based on 
viewport prediction [20, 21] or the direction of the dominant 
speaker in conversational systems. In case of live streaming, 



flocking [22] may be used to determine margins. In this case, 
the behavior of low latency users of a live system (these users 
are ahead in terms of the media timeline in comparison to 
other users) is used to predict the viewport of the other users. 
In all cases of viewport prediction, having a margin area adds 
a safety region in case of errors in the prediction.  

Margins increase the required bit rate for a particular 
viewport quality and, hence, further experiments on the 
impact of margins on the bandwidth utilization need further 
investigation. In some cases, having a margin creates a trade-
off: for the same bandwidth utilization a system may be able 
to support a wider margin at the cost of a lower viewport 
quality or a higher viewport quality at the cost of no margins. 
The former creates a more consistent viewport quality with 
minimal MTHQD, and the latter provides high-quality 
content with longer MTHQD in case of head motion. User 
preferences and QoE studies can help determine the benefit 
of each mode of operation. In this paper, we focused on 
viewport margins for real-time low delay video transmission. 
The same concept (e.g., directional margins) can also be 
applied to video on demand scenarios.  
 

V.CONCLUSIONS 

In this paper we discussed margins as a spatial extension 
to the viewport for a 360-degree video experience. We 
evaluated the usability of margins in a low-delay 360-degree 
conferencing scenario. Our experiments showed that 
viewport margins can significantly reduce both the motion to 
high quality delay and the percentage of low-quality content 
that is observed in the viewport. For head motions of 90 
degrees, the percentage of viewport at low quality is reduced 
by 5-10% when a margin of 10-30% is added to the viewport 
size. Also, when using 30% margins the motion to high 
quality delay reduces to zero for head speeds up to 360 
degrees per second, when the viewport feedback is sent every 
33ms.   

In future work we will consider the relation between 
viewport margins and tiles configurations to derive optimal 
tile sizes and viewport margins for the best QoE. 
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