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Abstract—With the emergence of new applications for
holographic-type communication in healthcare, entertainment,
and education, point cloud video transmission has become essen-
tial. This paper aims to reduce the bandwidth cost by leveraging
tile-based video transmission with point cloud registration in
a wireless multicast network. A point cloud video is divided
into multiple tiles, and each tile contains a portion of point
cloud objects and can be registered by adjacent tiles with some
similar objects under the registration rotation and registration
overlap constraints. We formulate a new optimization problem
and prove that it is NP-hard, and then we design an algorithm
Multicast Multi-Tile Registration (MMTR) to select multicasting
and registered tiles under consideration of socially related users’
preferences with the idea of a tile registration graph. A more
popular tile can be multicasted to more friends to minimize the
bandwidth cost. Experimental results with real datasets show
that MMTR can reduce bandwidth costs by more than 20% and
achieve better video quality compared to state-of-the-art point
cloud transmission algorithms.

I. INTRODUCTION

Holographic-type communication (HTC) enables a six-
degree-of-freedom immersive experience for 3D hologram
transmission [1], [2]. A common representation for virtual 3D
holograms in HTC is the point cloud object, which uses 3D
points with attributes like coordinates, color, and material to
capture the appearance of real-world objects [2]. For example,
Microsoft’s HoloLens headset uses point cloud data to simulate
patients’ organs for healthcare [3]. A point cloud video can
be divided into several tiles for reducing the bandwidth cost
and enabling adaptive tile selection based on the user’s field
of view (FoV) [4]. A tile may contain several point cloud
objects, and a portion of a point cloud object in a tile is defined
as a scan [5], [6]. For example, in Fig. 1(a), a point cloud
video with a TV (in blue) and a chair (in red) is divided into
5×2×1 = 10 tiles, denoted by zi. Scans si (in blue) and sj (in
red) are the portions of the TV and chair objects, respectively.

To optimize bandwidth efficiency for transmitting 3D video,
conventional multi-view synthesis methods (such as Depth
Image-Based Rendering (DIBR) [7], [8] and multi-view stereo
[9]) synthesize a view from its neighboring left and right
views. In contrast, point cloud registration can register1 (syn-
thesize) any point cloud object under the registration rotation

1Register is a term used for 3D point cloud registration, which means to
synthesize the point cloud object.

(a) (b)

Fig. 1: A tile-based point cloud video example. (a) Objects {P1, P2},
tiles {z1, . . . , z10}, scans {s1, . . . , s15}, and users {u1, u2}. The
requested tiles of u1 and u2 based on their FoVs are {z2, z3, z7, z8}
and {z4, z5, z9, z10}, respectively. (b) From u1 and u2’s FoVs, s5
(in tile z3) and s8 (in tile z5) have overlap ratio τs5,s8 = 40% and
rotation angle ξs5,s8 = 60◦.

and registration overlap constraints [10], [11] (detailed in
Section II), which ensure the maximum rotation angle and the
minimum overlap ratio2 between the pair of scans used for
registration [11], [12], respectively. However, multicast with
point cloud registration for delivering tiles with shared objects3

has not been explored.
Socially related users in a virtual space usually watch some

identical objects [13]. For example, in holographic telepres-
ence, only the attending friends can see the objects in the
scene [14]. To reduce the number of transmitted tiles, we can
multicast tiles with shared objects to socially related users,
who can register their requested tiles from the multicast if
the overlap ratio and rotation angle satisfy the registration
constraints [11]. Zhang et al. [15] adopted K-mean++ to group
users into multicast groups and used the Lyapunov optimiza-
tion method to determine tile quality for multicast. Okamoto
et al. [16] compressed tiles to reduce bandwidth costs by
following the viewport transition of each user. However, they
did not employ point cloud registration to prevent multicasting
every tile under consideration of friends’ preferences for tiles.

This paper aims to leverage point cloud registration to
minimize the total bandwidth cost for multicasting the tile-

2The overlap ratio between two scans quantifies the number of 3D points
sharing identical spatial coordinates for the same object within both scans.

3Shared objects represent portions of the same point cloud object within
the different tiles requested by the users with similar FoV.
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based point cloud video to socially related users (e.g., friends
who have similar preferences for watching tiles). However,
new research challenges appear as follows. C1) Minimizing
the bandwidth cost with registration overlap. We can choose
tiles with more scans for registration to reduce the number
of transmitted tiles to minimize the bandwidth cost because
they have more opportunities to contain an identical object.
However, each scan’s size is limited by the number of scans
in a tile. Hence, we may need to select more tiles to serve
users if the scans in different tiles do not have enough overlap
ratio for point cloud registration. C2) Quality and rotation
angle of tiles for registration. To register a tile, we need to
register every scan in the tile. The quality4 and rotation angle
of tiles affect point cloud registration [11], [12]. When higher-
quality tiles (scans) are used for registration, the rotation angle
between them can be larger to satisfy the registration rotation
constraint easier. However, choosing lower-quality tiles (scans)
can reduce the bandwidth cost, but it will require lower rotation
angles of scans for successful registration. This limits the
number of scans in the tile that can be used for registration
and thus may need to select more tiles, which increases the
bandwidth cost. C3) FoV-aware tile selection and multicast
grouping. The data rate and quality requirement for each
tile of each user vary due to the user’s FoV. Multicasting a
tile with higher quality can simultaneously meet the quality
requirements of more users for the tile. However, since the
Modulation and Coding Scheme (MCS) employed by the
multicast group is determined by the lowest MCS among the
group members, it may lead to a failure to meet the data rate
requirements of users demanding higher MCS.

To address the above issues, we formulate a new opti-
mization problem, named Tile Registration and Selection with
Multicast (TRSM), to minimize the total bandwidth cost. Dif-
ferent from current video multicast that does not employ point
cloud registration [15], [16], TRSM considers the registration
relations between tiles with different qualities and users’
requirements for registration and multicast to avoid delivering
every tile. We prove TRSM is NP-hard and design a new
algorithm, named Multicast Multi-Tile Registration (MMTR),
to select multicasting and registered tiles, considering the
preference of socially related users. MMTR first builds a tile
registration graph (TRG) by constructing each quality of each
tile as a node to represent if the pairs of scans between the
nodes can meet the registration overlap constraint. MMTR
introduces the object contribution indicator (OCI) for each
node to examine how many pairs of scans meet the registration
overlap constraint and how many users request it to address
C1. MMTR adjusts the selected nodes for multicasting by
examining the registration assistance indicator (RAI), which
assesses the ratio of the number of scans that can be registered
to the induced bandwidth cost to address C2. MMTR evaluates
the quality redundancy indicator (QRI) to remove the selected
nodes for reducing the bandwidth cost, and groups socially

4Following [5], [6], we define the quality of a tile (scan) as the ratio of
the number of transmitted 3D points in the tile (scan) to its total 3D points.

related users into groups for multicast by considering their rate
requirements to deal with C3. Experiments with a real dataset
show that MMTR can reduce the bandwidth cost by more than
20% and achieve better video quality than baselines.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model

Due to the space constraint, we provide the notation table
and a comparative example in [17]. We consider tile-based
point cloud video transmission and registration for multicast
users. Let E be the set of qualities for point cloud video,
where quality e ∈ E is defined by the ratio of the number of
transmitted 3D points to the total 3D points [5], [6]. Following
[18], a point cloud video with quality e ∈ E encodes a set of
objects P with quality e. We divide the point cloud video into
M × N × D tiles for adaptive transmission [4], denoted as
Z = {z1, . . . , zM×N×D}, indexed from the upper left to the
lower right along the direction of depth. Each tile contains
scans of different objects, which may span multiple tiles. Let
S = {S1, . . . , S|P|} be the set of collections of scans for all
objects, where SP is the collection of scans of object P ∈ P.

Let U be the set of users and αz be the preference weight of
tile z, which can be calculated according to the subscribers’
social relations [19], because a user tends to prefer the tile
(scene) that is popular among her friends, and a tile will be
more popular if it is requested by users with more friends.
A lower preference weight is assigned to a more popular tile
because our goal is to minimize the bandwidth cost, and a
popular tile can be multicasted to more users for registration
to minimize the bandwidth cost. For each user u ∈ U, let
Zu ⊆ Z be the tiles requested by u and Qz,u ∈ E5 be the
minimum quality of each tile z ∈ Zu. We multicast tile z
with quality e to a group of users with the most robust MCS
among them [15]. Let f(·) map the user’s channel state to the
MCS [20] and γu be the channel state of user u. The MCS
for user u receiving tile z with quality e in multicast group
g is MCSz,e,u = minu,v∈g (f (γu) , f (γv)). Users can receive
requested tiles either via multicast or by registering them on
the device using point cloud registration [21], [22]. Let binary
variable xs,s′ indicate whether scan s′ is used to register scan
s and rs,u ∈ E be the quality of scan s received by user
u. The quality of a scan from point cloud registration is the
minimum quality of the scans that are used to register it [23].
That is, for a scan s ∈ SP that belongs to an object P , rs,u =
mins′∈SP

xs,s′rs′,u. For point cloud video display, the quality
qz,u ∈ E of a registered tile z for user u is the lowest quality of
the registered scans in the tile [24], i.e., qz,u = mins∈Kz

rs,u,
where Kz is the scans in tile z.

B. Problem Formulation

We formulate a new optimization problem, namely Tile Reg-
istration and Selection with Multicast (TRSM), to minimize

5Quality requirement Qz,u depends on two factors [5]: 1) The distance
weight is the inverse of the distance between the user and the tile, which means
the closer the tile is to the user, the higher the weight. 2) The proportion weight
is the fraction of points in the tile out of the total points in the requested tiles,
which means the more points the tile has, the higher the weight.
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the total bandwidth cost in a wireless network with multicast
and point cloud registration. Let yz,e be the binary variable
indicating if tile z with quality e is multicasted and b(e)
be the bandwidth cost for multicasting a tile with quality e,
where a tile with higher quality requires a larger bandwidth
cost for multicasting more 3D points. The objective function
is

∑
z∈Z

∑
e∈E αz × yz,e × b(e).6 TRSM has the following

constraints. 1) Quality of Experience (QoE) constraint. Each
user has a different quality requirement for each tile according
to his FoV, i.e., qz,u ≥ Qz,u,∀z ∈ Zu,∀u ∈ U. 2) Registration
rotation constraint. To successfully register a scan, the rotation
angle ξs,s′ between a pair of scans s and s′ for the same
object P needs to be smaller than a threshold ξthreshold
[11], i.e., ξs,s′ < ξthreshold,∀s, s′ ∈ SP . For example, with
ξthreshold = 30◦, scan s12 in tile z8 cannot be registered by s5
and s8 in Fig. 1(a), since ξs5,s8 = 60◦ > ξthreshold as shown in
Fig. 1(b). 3) Registration overlap constraint. To exploit point
cloud registration, the overlap ratio τs,s′ between scans s and s′

for the same object P in different tiles needs to be larger than
a threshold τthreshold [11], i.e., τs,s′ ≥ τthreshold,∀s, s′ ∈ SP .
4) Rate requirement constraint. Let h(·) be a function mapping
MCS to the data rate [25]. The data rate h(MCSz,e,u) of user
u when transmitting tile z with quality e must be larger than
threshold ψe to provide a complete viewing experience for
u [1], i.e., h(MCSz,e,u) > ψe,∀z ∈ Z,∀e ∈ E,∀u ∈ U. 5)
Quality of tile selection constraint. When user u receives tile z
with different qualities, the higher-quality tile satisfies both the
user’s requirements and registration constraints, rendering the
lower-quality tile redundant. Hence, each z is transmitted to u
with one quality e. That is,

∑
e∈E ρz,e,u ≤ 1,∀z ∈ Z,∀u ∈ U,

where ρz,e,u is a binary variable that indicates tile z with
quality e is transmitted to user u.

Definition 1 (TRSM). Given a set of tiles Z with the qualities
e ∈ E, each tile z has a preference weight αz , a set of users
U, each user u requests a set of tiles Zu, a set of point cloud
objects P, a set of collections of scans S, TRSM aims to
select a set of tiles with specific qualities and finds the lowest
MCS among users for multicast such that QoE, registration
rotation, registration overlap, rate requirement, and quality
of tile selection constraints are satisfied. The objective is to
minimize the total bandwidth cost

∑
z∈Z

∑
e∈E αz×yz,e×b(e).

Theorem 1. TRSM is NP-hard.

Proof. Due to the space constraint, the detailed proof of NP-
hardness is provided in [17].

III. ALGORITHM

An intuitive approach for TRSM is to iteratively choose the
tile with the minimum bandwidth cost and multicast it to a
group of users requesting it. In each iteration, if the tile can
be registered by the chosen tiles, the approach serves the tile
by registration. Otherwise, the approach multicasts the tile to
a group of users who request it, using the lowest MCS among

6Since multicast serves a group of users simultaneously, we count the
bandwidth cost only once for each transmission of a tile with a quality.

the users. However, choosing the tile with the least bandwidth
cost may not effectively minimize the total bandwidth cost
when fewer users request adjacent tiles. Moreover, the user
with the lowest MCS may severely degrade the transmission
rate, and some users’ rate requirements may not be met.

To address these issues, we propose MMTR with three
phases: 1) socially-aware tile selection (STS), 2) registration
replacement (RR), and 3) tile selection adjustment (TSA). STS
first builds a tile registration graph (TRG) by constructing
each quality of each tile as a node to represent the registration
relation between each pair of scans in the nodes. Then, we iter-
atively select the node with the maximum OCI for multicasting
and register other nodes by the selected multicasting nodes.7

OCI measures the contribution of each node for registration.
Unlike previous research [15], [16] that multicast each tile
individually without considering point cloud registration, RR
examines RAI to replace multicasting nodes with registered
nodes that can be utilized to register more scans. RAI is
the ratio of the number of scans that can be registered by
a registered node and the multicasting nodes to the bandwidth
cost of the registered node. To minimize the bandwidth cost,
TSA iteratively chooses the tile with the largest preference
weight for removal, as it serves the fewest socially related
users. Then, TSA removes the node (corresponding to the
chosen tile) with the maximum QRI, which estimates the
number of users it can satisfy. The time complexity of MMTR
is O(|Z|2|E|2|P|2+|Z||E||U|). Due to the space constraint, the
complexity analysis and pseudocode are presented in [17]. We
also discuss how MMTR supports dynamic user requests and
layered bitstream point cloud videos in [17].

1) Socially-aware Tile Selection (STS): To deal with C1,
STS builds an undirected TRG by constructing each quality
of each tile as a node to represent whether the pairs of
scans between the nodes can meet the registration overlap
constraint. Specifically, STS constructs the TRG GTRG =
(V TRG, ETRG) with a set of nodes V TRG = {nz,e|z ∈ Z, e ∈
E} for each tile with each quality, where each node with a
weight NWz,e indicating the number of users requesting nz,e.
A weighted edge (nz,e, nz′,e′) ∈ ETRG exists if the scans in
tiles z and z′ share a common object and have an overlap ratio
above τthreshold, where edge weight EWz,e,z′,e′ indicates the
number of scan pairs that meet the registration overlap con-
straint. Then, STS iteratively selects the node with the maxi-
mum OCI in TRG to be multicasted. Specifically, let N(nz,e)
be the set of adjacent nodes of nz,e in GTRG. We define OCI

of node nz,e as OCIz,e =

∑
n
z′,e′∈N(nz,e) EWz,e,z′,e′×NWz,e

αz×b(e) ,
and a larger OCIz,e means that tile z with quality e can be
used to register more adjacent tiles and be multicasted to more
users with a smaller bandwidth cost. Also, the tile with a
smaller preference weight αz is more popular among socially
related users such that the tile can be multicasted to serve many

7For ease of presentation, we define the ”multicasting node” to represent
the node on the TRG selected for multicasting, and the ”registered node” is
the node that can be registered (i.e., the registration rotation and registration
overlap constraints are satisfied) by the multicasting nodes.
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(a) The result of STS

(b) Configuration of users

(c) Pairs of scans that can meet the registration overlap constraint.

Fig. 2: An illustrative example of STS.

users and be leveraged to register many adjacent tiles in those
users’ FoV. Let T and C be the sets of multicasting nodes and
registered nodes, respectively. STS iteratively selects node nz,e
in GTRG with the largest OCIz,e for multicasting and adds it
to T. Then, for each node nz,e /∈ T ∪ C, we iteratively add
it to C if the node can be registered by the nodes in T and
will not be selected to T until the end of this phase. STS stops
when every node on GTRG has been added to the sets T or
C, i.e., T ∪ C = V TRG.

Example 1. Due to the space constraint, the complete informa-
tion of node weights, overlap relation between scans, and tile
registration relationship are provided in [17]. We assume that
|U| = 7, |Z| = 6, |P| = 4, and |S| = 4. For each P ∈ P, |SP | is
3, 4, 4, and 5, respectively. τthreshold = 30%, ξthreshold = 90◦,
and |E| = 3 with the corresponding bandwidth costs of 10,
20, and 30. αz = 1,∀z ∈ Z. GTRG is constructed as shown
in Fig. 2(a), where nz,e is the node that represents the tile
z with quality e, and the edge is shown as a blue line.
Figs. 2(b) shows the nodes requested by the users and the
MCS which is mapped from the user’s channel state. The
number of pairs of scans that satisfy the registration overlap
constraint between the nodes (i.e., EWz,e,z′,e′ ) is shown
in Fig. 2(c). We select n1,2 with the maximum OCI1,2 =
(2+2+2+2+2+2+3+3+3+2+2+2+1+1+1)×2

1×20 = 3 for multicasting.
STS iteratively examines the node in descending order of OCI,
as indicated by the red numbers in Fig. 2(a). Because none of
the nodes can be registered by the existing multicasting nodes,
STS adds n1,2 and n4,2 to T. STS adds n6,1 to C, as it can
be registered by the nodes in T. The result of STS for GTRG

is shown in Fig. 2(a), where the red and orange circles on
GTRG represent the multicasting node and the registered node,
respectively. The total bandwidth cost is 10+ 20+ 30+ 10+
20+30+20+30+10+20 = 200 with the multicasting nodes
{n1,1, n1,2, n2,3, n3,1, n3,2, n3,3, n4,2, n4,3, n5,1, n5,2}.

2) Registration Replacement (RR): In addition to the overlap

(a) The result of RR (b) The result of TSA

Fig. 3: An illustrative example of RR and TSA.

ratio, the point cloud registration is also affected by the quality
of scans and the rotation angle of scans between the nodes.
To address C2 and minimize bandwidth costs, RR iteratively
replaces selected multicasting nodes with registered nodes by
examining RAI. Specifically, for each registered node nz,e ∈
C, RR calculates the ratio of the number of scans that can be
registered by nz,e and the nodes in T to the induced bandwidth
cost according to nz,e’s quality. Let Iz′,e′ represent the number
of scans in nz′,e′ ∈ T that can be registered by using nz,e
and the other nodes in T. The ratio is denoted by RAIz,e =∑

n
z′,e′∈T Iz′,e′

b(e) ,∀nz,e ∈ C. RR iteratively chooses the node
nz,e ∈ C with the largest RAIz,e to be multicasted. Once nz,e
is selected, RR defines π as the set of multicasting nodes that
can be registered by nz,e and the other multicasting nodes
in T \ π. If the bandwidth cost of nz,e is smaller than the
bandwidth cost of the set π, RR replaces all the nodes in π
with nz,e and swaps the sets in which they are (from T to C,
and vice versa). Otherwise, RR iteratively examines the two-
hop node nz′,e′ of nz,e with the largest RAIz′,e′ to register
multicasting nodes and update π, because the node that is more
than two hops away from nz,e cannot be used for registration
with nz,e. If the bandwidth cost of nz,e and its two-hop node
nz′,e′ is higher than the bandwidth cost of π, nz′,e′ will not be
selected to be a multicasting node. RR then examines the next
two-hop node of nz,e. This process stops until all the two-
hop nodes of nz,e have been examined. Note that in the above
steps, if the bandwidth cost can be decreased, RR replaces the
nodes in π with nz,e and nz′,e′ and swaps the sets in which
they are (from T to C, and vice versa). If the bandwidth cost
still cannot be decreased after examining all the two-hop nodes
of nz,e, nz,e will not be chosen as a multicasting node. RR
then examines the next node in C. This process stops until all
the nodes in C have been examined. Note that we only swap
the multicasting nodes in π when the node in C can still be
registered by the nodes in T.

Example 2. We first choose n2,2 with the largest RAI2,2 =
2+2+0+2+2+0+2+0+3+3

20 = 0.8 to be multicasted, where the
numerator represents the sum of the number of scans in each
multicasting node that can be registered by n2,2 and the other
multicasting nodes. Then, we replace n5,1 and n5,2 in π with
n2,2 and swap the sets in which they are, as n2,2 has lower
bandwidth cost than n5,1 and n5,2, i.e., 20 < 10 + 20. RR
chooses the node in descending order of RAI, as indicated by
the red numbers in Fig. 3(a). Fig. 3(a) shows the result of RR.
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The total bandwidth cost decreases from 200 to 10 + 20 +
30 + 20 + 30 + 30 + 30 = 170 with the multicasting nodes
{n1,1, n1,2, n1,3, n2,2, n3,3, n4,3, n5,3}.

3) Tile Selection Adjustment (TSA): To deal with C3, TSA
iteratively removes the selected multicasting nodes by exam-
ining QRI, which evaluates the two factors for a tile of each
quality: 1) the number of users who request this quality and
can also be satisfied by other qualities and 2) the number of
users who cannot be served by this quality. Specifically, let
Uz be the set of users who request tile z and Rz,e ⊆ Uz be
the set of users who request tile z with quality e. We define

QRI as QRIz,e =
(
∑

e′∈E\e|Rz,e∩Rz,e′ |)×|Uz\Rz,e|
b(e) ,∀z ∈ Z. A

higher QRI indicates that a node can be removed without
violating the users’ requirements, as they can be satisfied by
other nodes. TSA iteratively chooses the tile z with the largest
αz for removal, as it is less likely to be requested by socially
related users and cannot effectively minimize the bandwidth
cost. Then, for each quality of z, we iteratively remove the
node with the highest QRI and update QRI for the remaining
nodes. Note that we remove the node only when all users’
quality requirements can still be satisfied.

Each tile of a specific quality is multicasted for a multicast
group, and a user can be in multiple multicast groups to receive
tiles. To address C3, for each selected node nz,e ∈ T in
descending order of the quality, TSA first groups the users
whose rate requirements are satisfied and can be served by
nz,e into a multicast group. TSA will not group the user into
the multicast group that receives the same tile with different
qualities to ensure that the quality of tile selection constraint is
satisfied. Then, because a user can belong to multiple groups
to receive multiple tiles for registration, we select the nodes
with lower bandwidth cost among the multiple pairs of tiles
that can be used to register the same requested tile to minimize
bandwidth cost.

Example 3. We first examine tile z1 with the largest pref-
erence weight and U1 = {u1, u2, u7}. Then, TSA examines
QRI for each quality of z1, where QRI1,1 = 2×2

10 = 0.4,
QRI1,2 = 4×0

20 = 0, and QRI1,3 = 4×0
30 = 0. TSA first

removes n1,1 while ensuring that the quality requirements of
all users in U1 can still be satisfied. Then, TSA removes
n1,2 with the maximum QRI1,2 = 4×0

20 = 0. Afterward,
TSA cannot remove n1,3 because we cannot ensure that the
quality requirement of all users in U1 can still be satisfied
since n1,3 is used to register some other nodes. Fig. 3(b)
shows the final result of TSA, where the red solid circles and
orange dotted circles represent the nodes being multicasted
and removed, respectively. We group u1, u2, and u7 into a
multicast group for multicasting n1,3 with the lowest MCS = 2
among them. The total bandwidth cost is reduced from 170
to 30 + 20 + 30 + 30 + 30 = 140 with the selected nodes
{n1,3, n2,2, n3,3, n4,3, n5,3}.

IV. EXPERIMENT

Due to the space constraint, more experimental results are
presented in [17].

(a) (b)

(c) (d)

Fig. 4: Experimental results.

A. Experimental Setup

We evaluate MMTR in a single base station (BS) network
with a video server. The maximum BS transmit power is 46
dBm [26]. Following 3GPP specifications [20], [25], the path
loss is the macro propagation for outdoor urban areas [25].
The shadowing model is log-normal fading with 8 dB standard
deviation [25]. The MCS ranges from QPSK to 256QAM [20],
and the additive white Gaussian noise power spectral density
is -174 dBm/Hz [26]. The users are randomly distributed over
the BS’s coverage area, and the default number of users is
100. The default number of objects is 10 [18], with each
object having up to 24,000 points [10]. A point cloud video
with a fixed size is divided into 25 × 4 × 2 = 200 tiles by
default [4]. Following [5], [6], we consider five qualities with
100%, 80%, 60%, 40%, and 20% of the original number of
points in a tile, which require 300Mbps, 240Mbps, 180Mbps,
120Mbps, and 60Mbps data rates, respectively. We set rotation
angle threshold ξthreshold and overlap ratio threshold τthreshold
to 30◦ and 30% [11], respectively. The preference weight of
each tile is set according to [19]. We compare MMTR with 1)
multi-view synthesis (MVS) algorithm [8], fuzzy logic-based
tile selection (Fuzzy) [4], and tile-based (TB) transmission [5].
We change the parameters: 1) number of users, 2) number
of tiles, 3) number of objects, and 4) ξthreshold to evaluate
1) bandwidth cost, 2) video quality, and 3) registration ratio,
which is the number of tiles for point cloud registration over
the total number of tiles.8 To evaluate video quality, we follow
[10] to utilize the OMNet registration model and the Stanford
3D Scan dataset to measure the metrics WS-PSNR and WS-
SSIM [27]. Each result is averaged over 1000 times.

B. Experimental results

As shown in Fig. 4(a), MMTR achieves significant per-
formance improvement over the baselines as the number of
users increases, because it groups users based on the TRG

8Although Fuzzy and TB did not consider point cloud registration, we
measure the number of tiles that can be registered by their selected tiles to
evaluate the registration ratio without loss of generality.
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(a) (b)

Fig. 5: Registered video quality.

and selects multicasting and registered tiles. TB and Fuzzy
do not examine the chance of registration to decrease the
number of transmitted tiles and induce a higher bandwidth
cost. Despite the increase in the number of nodes that need to
be chosen as the number of tiles increases, MMTR generates
the smallest bandwidth cost in Fig. 4(b), because it examines
the QRI to reduce the number of transmitted tiles to minimize
the bandwidth cost. As the number of objects increases in Fig.
4(c), MMTR has more chance to register tiles by examining
RAI, which evaluates the node and its two-hop neighbors to
find a better set of multicasting nodes for point cloud regis-
tration with a smaller cost. In Fig. 4(d), when the registration
rotation constraint becomes loose, MMTR registers more tiles
than the baselines because we examine OCI to select tiles to
allow more point cloud registration. However, MVS registers
fewer tiles since it selects multicasting and registered tiles
without examining the tiles within the rotation angle constraint
to explore the possibility of registration. In Fig. 5, we evaluate
the video quality with the real point cloud dataset Standard 3D
Scan. WS-SSIM and WS-PSNR decrease as ξthreshold grows
because more scans within larger rotation angles (i.e., the scans
are less similar) can be registered. However, the baselines
drop rapidly because they will select the scan (tile) with poor
quality for registration when its cost is lower for serving an
individual user. MMTR provides better video quality since
it tends to select higher-quality tiles for registration, which
enables registering more tiles within a smaller rotation angle.
Compared Figs. 4 with 5, with a relaxed registration rotation
constraint, MMTR can reduce the bandwidth cost by more
than 20% with only a slight video quality loss.

V. CONCLUSION

For tile-based point cloud video transmission, this paper
exploits point cloud registration for multicast to increase the
flexibility of tile selection. To address the challenges of mini-
mizing the bandwidth cost for point cloud video transmission,
we formulate TRSM and prove the NP-hardness. Then, we
propose MMTR, a novel algorithm with the ideas of STS,
RR, and TSA designed for tile selection with point cloud
registration and multicast. Experimental results manifest that
MMTR can achieve better registration quality and reduce more
than 20% of bandwidth cost compared to the baselines.
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