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Descriptive data

Project info

Project title (Swedish)*
Efficient Wireless Caching for Future Mobile Networks

Project title (English)*
Effektiv Tradlos Caching for framtida mobila nitverk
Abstract (English)*

With emerging new applications (e.g., social networks, mobile video and gaming) and the development of smart terminals,
future mobile networks, i.e., the 5th generation mobile networks (5G) and beyond, are essentially characterized as high
density, high rates and low delay. For instance, the SGmobile is expected to be 1000x higher in aggregated rates, 100x
higher in density and 10x lower in delay, compared to the 4Gmobile, which is already in a very high technical standard. The
major of mobile traffic will be multimedia information, e.g., video, which poses very high technical requirements on rates
and delay. Thus, new technical breakthroughs on mobile networks are needed in near future. By trading off storage space
with rates/delay, wireless caching boosts performance in network throughput and delay. The basic idea of wireless
caching is to pre-store the user data in network edges (access nodes or user terminals) such that user requests can be
responded locally, rather than fromremote nodes. It has been shown that significant (order of) gains in rate/delay can be
achieved by wireless caching.

In the project, we seek to study the wireless caching for future mobile networks from information and communication
theory aspects. The network model will be high rate, high density and heterogeneous. Our main objectives are to find
performance limits and also to propose the performance-improved schemes for wireless caching in future mobile networks.
In addition to the delay and throughput of delivering data from caching nodes to user terminals, we will also investigate
the robustness of wireless caching networks. We will study the impacts of other important performance measures e.g.,
power and spectrum (and their tradeoffs) of mobile networks to wireless caching and vice-versa. With decreasing price of
storage memory, our results shall help to boost the performance of future mobiles in a cost-efficient way.

Popular scientific description (Swedish)*

Med framvéxande nya tillimpningar (t.ex sociala natverk, mobil video och spel) och utveckling av smarta terminaler,
framtida mobilnit, dvs de 5: e generationens mobilnit (5G) och dérefter, i allt vasentligt betecknas somhog, 1ag fordrojning
och stora systemets kapacitet. Till exempel dr det SGmobilen vintas bli 1000x hogre 1 aggregerade priser, 100xhogre
densitet och 10x ldgre fordrojning, jamfort med 4G mobilt, somredan dr i en mycket hog teknisk standard. Den stora av
mobiltrafiken kommer att vara multimediainformation, t.ex, video, vilket stéller mycket héga tekniska krav pa priser och
forseningar. Saledes dr nya tekniska genombrott pd mobilnét behovs inéra framtid. Genom handel utanfor lagringsutrymme
med hastighet / fordrojning, 6kar tradlos caching prestanda i nitverket genomstromning och forseningar. Den
grundliggande idén med traddlos caching &r att i forvag lagra anviandardata i ndtverks kanter (accessnoder eller
anvéndarterminaler) sa att anvindarnas 6nskemal kan svarat lokalt, snarare &n fran avligsna noder. Det har visat sig att
signifikant (ordning) vinster i hastighet / fordrojning kan uppnas genomtradlos caching.

I projektet vi ska studera tradlosa caching for framtida mobilnét frén informations och kommunikations teori aspekter.
Nitverksmodellen kommer att vara hog hastighet, hog densitet och heterogen. Vara huvudsakliga mél 4r att hitta
prestandagrénser och dven att foresla resultat forbattrade system for trddlos caching i framtida mobilnét. Férutom
forseningen och genomstromning av att leverera data fran caching noder till anvéndarterminaler, kommer vi ocksa att
unders6ka robustheten tradlésa caching nétverk. Vi kommer att studera effekterna av andra viktiga resultatmatt t.ex. makt
och spektrum (och deras avvigningar) av mobilnét till trddlésa caching och vice versa. Med minskande priset pa
lagringsminne, ska vara resultat bidrar till att forbéttra prestanda i framtida mobiler pé ett kostnadseffektivt sétt.

Project period

Number of project years*
4

Calculated project time*
2016-01-01 - 2019-12-31
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Deductible time

Deductible time

Cause Months

1 Parental leave 7

Total 7

Career age: 81

Career age is a description of the time fromyour first doctoral degree until the last day of the call. Your career age
change if you have deductible time. Your career age is shown in months. For some calls there are restrictions in the
career age.

Classifications

Select a minimum of one and a maximum of three SCB-codes in order of priority.
Select the SCB-code in three levels and then click the lower plus-button to save your selection.

SCB-codes* 1. Naturvetenskap > 102. Data- och informationsvetenskap
(Datateknik) > 10202. Systemvetenskap, informationssystemoch
informatik (samhillsvetenskaplig inriktning under 50804)

Enter a minimum of three, and up to five, short keywords that describe your project.
Keyword 1*
Wireless Caching

Keyword 2*
Future Mobile Networks

Keyword 3*
Delay

Keyword 4
Throughput

Keyword 5
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Research plan

Ethical considerations

Specify any ethical issues that the project (or equivalent) raises, and describe how they will be addressed in your research.
Also indicate the specific considerations that might be relevant to your application.

Reporting of ethical considerations*

This is a basic research in the communications and information technology area. There is no any ethical issue for the
project.

The project includes handling of personal data
No

The project includes animal experiments

No

Account of experiments on humans

No

Research plan
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Efficient Wireless Caching for Future Mobile Networks

1. Purpose and aims

This project aims at investigating fundamental theories and practical design principles of applying
wireless caching for future mobile systems, which are characterized as high-density, high-rate and
low-delay networks. With emerging new applications (e.g., social networks, mobile video and gaming,
position-based service) and the development of smart terminals, future mobile networks, i.e., the 5t
generation mobile networks (5G) and beyond, are essentially characterized as high rates, low delay and
high network density. For instance, the 5G mobile is expected to be about 1000x higher in aggregated
rates, 100x higher access-node density and 10x lower in delay ([1], [2], [3]), compared to the 4G
mobile, which is already in a very high technical standard. More specifically, from the 4G to the 5G
mobile, the inter-access-node distance may be reduced from 200 meters to 10 meters [3]. For the rate
aspect, it was estimated that wireless data would increase from under 3 exabytes in 2010 to more than
500 exabytes by 2020. The major of mobile traffic will be multimedia information, e.g., video, which
poses very high technical requirements on rates and delay. Thus, new technical breakthroughs on
mobile networks are needed in the near future. Motivated by these facts, various candidate
technologies have been proposed for future mobile networks ([1], [2], [3]), for instance, millimeter
wave (MMW) communications, massive MIMO (Multiple-input multiple-output) antennas and dense
network deployment (network densification). Though these techniques addressed parts of the
challenges, they also have insufficiencies in certain aspects. For instance, the high directional property
of MMW signals makes communications difficult in high mobile scenarios. It is also challenging for
massive MIMO implemented at mobile terminals. Though dense deployment (of access nodes) can
result high spatial efficiency, the costs (especially the backhauls to connect access nodes) can be quite
high. On the other hand, by trading off storage space with rates/delay, wireless caching gives another
way of boosting performance [1]. As shown in Figure 1 and 2, the basic idea of wireless caching is to
pre-store the user data in network edges (wireless-access-node caching in Figure 1 or user-terminal
caching in Figure 2 or some combinations of them) such that user requests can be responded locally,
rather than from remote nodes (so-called “Moore’s law for bandwidth”: larger memory in networks
leads to higher per-user bandwidth). It was shown ([4]-[9]) that significant (order of) gains in
rate/delay could be achieved by wireless caching. Note that with fast development of IC technologies,
the prices of caching memory are quickly decreasing. Thus, the gains by wireless caching will increase
(for a given budget).

In the project, we will study the wireless caching for future mobile networks from information
and communication theory aspects. The network model will be high rate, high dense and
heterogeneous. Our main objectives are to find fundamental limits and also to propose the
performance-improved schemes for wireless caching in future mobile networks. In addition to the
delay and throughput of delivering data from caching nodes to user terminals, we will also investigate
the robustness of wireless caching networks. We will also study the impacts of other important
performance measures e.g., power and spectrum (and their tradeoffs) of mobile networks to wireless

5/33



Ming Xiao, KTH, mingx@kth.se

caching and vice-versa. With the decreasing price of storage memory, our results seek to boost the
performance of future mobile networks in a cost-efficient way.
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Figure 1. Wireless caching networks with dedicated
caching nodes reduce network traffic and response delay.

2. Survey of the field

For the potential benefits, the research on wireless caching has recently attracted a lot of attention.
Many results focused on information-theoretical performance limits for simplified network models [4],
[5]. More recently, results on wireless caching for mobile networks have also been reported [6]-[9].
These endeavors investigated some aspects of wireless caching networks. For instance, reference [4]
studied the bounds on the scaling laws of random networks with wireless caching. In [5], authors
studied the caching gains in a single wireless broadcasting channel. Reference [6] proposed to use
caching in femtocell networks and studied the impact of content popularity distribution to the caching
design. In [7], [8], authors proposed to combine D2D (device-to-device) communications with wireless
caching and throughput-outage tradeoffs have been analyzed from information-theoretical aspects. To
minimize the delay, reference [9] studied the optimal content caching strategies and showed that
random caching is near optimality. It is worthy noting that the principle of pre-storing content in nodes
close to end-users was proposed for the Internet (e.g., web) for some years [10]-[12]. Yet, results are
mainly for wired networks, especially for web caching [10]-[12]. For wireless caching, the network
setup, objective, principle and constrains will be significantly different from traditional web caching

[4]-[9].

Though pioneer results in [4]-[9] established a good foundation of wireless caching techniques, the
research is still in an early stage. There are still many problems on wireless caching to be addressed,
especially for applications in mobile networks. For instance, as a wireless access technology, the
impacts of wireless caching to many physical layer measures (e.g., spectral efficiency, power) or vice
versa have not been investigated yet. Currently, only rate, delay and storage space (also their tradeoffs)
were studied, to our best knowledge. Some properties of future mobile networks have not been
sufficiently considered yet. Moreover, the major of current results focus on information-theoretical
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analysis. More practical design issues have not been addressed yet. Furthermore, as a special type of
distributed storage systems, only the content delivery and placement problems have been studied.
Robust problems (when caching nodes or data fragments failed or unavailable) have not been well
studied yet for wireless caching networks. The existed results on repairing problems of the distributed
storage systems ([13], [14]) are mainly for wired networks, e.g., data centers. The system setups and
objective functions will be significantly different if we consider wireless caching networks, rather than
wired ones. In the mobile networks, caching nodes may often fail due to power outage and node
mobility etc. Efficient caching node repairing schemes are necessary for maintaining the reliability and
performance of wireless caching networks.

3. Project Description

Based on above observations, in the project, we will study how to combine wireless caching with
other potential techniques for future mobile networks, e.g., cooperative relaying, D2D communications,
dense network deployment and MMW communications. The performance limits of wireless caching
networks in future mobile networks will be analyzed. We will also study how the physical-layer
measures (e.g., power and spectrum) impact the performance (e.g., delay) of data delivery (to end users)
and how to improve them. Furthermore, we will study the robustness of wireless caching networks,
namely, repairing failed (or unavailable) caching nodes for both dedicated caching and user-terminal
caching.

More specifically, we will aim at three different but highly related directions (denoted respectively
as work packages: WPs). The project staff will consist of PI (Principal Investigator: Dr. Ming Xiao)
and two Ph.D students (Student A: new to be recruited; Student B: Majid Gerami for his final 2 years
Ph.D study). The specific WPs, staff allocation and timelines are preliminarily planned as follows.
Since we already have some results for WP 3, one student and PI are sufficient. WP 1 and WP 2 are
new. Thus, a new student (4 years) and PI will be planned for them.

WP 1: Performance limits of wireless caching networks in future mobile networks (PI, Student A; 0-4
years).

Though the pioneer works in [4]-[7] gave the fundamental performance limits of wireless
caching networks in different aspects, the performance limits for wireless caching in mobile
networks are still insufficient, especially in following aspects. (1), The network models of future
mobiles have not been sufficiently considered yet for wireless caching networks. For instance, the
high-density and heterogeneous properties of mobile networks have not been sufficiently
considered for wireless caching. In [6], [7], the scaling law is studied for wireless networks with an
increasing number of user-terminal caching nodes. Yet, for caching in the mobile access nodes
(dedicated caching nodes), the scaling laws have not been studied yet, to our best knowledge.
Meanwhile, as another key property of future mobile networks ([1]-[3]), the heterogeneous property
of future mobile networks has not been considered. As we noted, the access node of future mobile
networks will be high dense and heterogeneous. (2), The physical-layer measures of mobile
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networks (e.g., power and spectrum efficiency) have not been considered yet. Clearly, for wireless
caching, power (thus closely related energy-efficiency) is one of key parameters in practice. For
mobile terminals (especially caching terminals), the battery capacity is rather limited. Power
determines the lifetime of caching nodes (in some degree) and is one of the key parameters for
wireless caching networks. Moreover, with increasing environmental concerns and prices, energy
efficiency has become one of key requirements for the 5G mobile and beyond [1]. Thus, similar to
caching terminals, the power of access-node caching networks is also important. Hence, it is very
important to study the power in wireless caching networks. To find the fundamental performance
limits, we plan to use the tools of information theory (especially network information theory) and
graph theory, and we will ignore the constraints of complexity (e.g., computation complexity,
coding length and delay). More detailed descriptions are as follows.

Firstly, the performance limits (delay, storage, throughputs and their tradeoffs) in high dense
networks will be studied. We plan to consider two scenarios of wireless caching networks: All
access nodes are caching nodes or only a part of them are caching nodes (those nodes are not
caching nodes may still help to delivery content with larger delay). To catch the heterogeneous
property of mobile networks, the caching nodes may have different properties, e.g., different
response delay or storage capacity. To make the problem tractable, we will consider a layered
model (e.g., by a hierarchy network topology). For instance, the BS (base station) may have a larger
caching memory but longer delay, compared to femto-stations. We will try to find how throughput
per user (or the delay as a dual problem) changes with an increasing number of caching nodes
and/or caching memory (in both the user terminals and access nodes). For very dense networks, the
scaling law will be studied for layered network models. Meanwhile, it is also worthy to study how
content placement impacts the performance. Though reference [9] shows that random caching is
almost optimal, the results in [9] are only for homogeneous networks. For layered network models,
optimizing caching content placement according to both popularity and the properties of caching
nodes may bring extra gains in delay or throughput. For instance, better performance may be
expected if we optimize placement among nodes of different layers. Note that a straightforward
solution is that the most popular files are cached in the nodes closest to users. However, the
situation can be much more complex, if the mobility of user terminals are considered. In such
scenario, the terminal may have already moved to another access node (which may not have the
downloading file) before download finishes. Another complex situation may be the user terminal
can access multiple caching nodes. In general, optimized placement among different layers
according to popularity and mobile network properties should be considered to improve
performance.

Secondly, we will study the connections between physical-layer measures (transmission power,
spectrum) and other parameters (delay, throughput and storage) in wireless caching networks.
Preliminarily, we expect that similar to storage space and delay [4], [5], there are also fundamental
tradeoffs between transmission power (or similarly spectrum efficiency) and delay (and storage
space). For instance, to reduce the delay, we may use larger power or vice-versa. Note that
compared to the throughput in [4], [5], power may catch more properties of mobile networks. For
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instance, the power level also decides the interference in networks and the battery lifetime of user
terminals. The latter is especially critical for user terminal caching scenarios. Clearly, the impacts of
power largely depend on network models. We will study both random network models (for mobile
terminal caching) and layered models (for access-node caching). Some preliminary results on the
tradeoffs between power and data-delivery delay are shown in Figure 3. From the figure, we can
clearly see the power gains by caching. Meanwhile, other potential techniques for future mobiles
will also be reflected in our network models, e.g., MMW and D2D communications. Preliminary,
for MMW communications, a caching node can only respond to one user due to the high directional
property of transmission signals. Thus, the global caching gain due to index coding (based on
wireless broadcasting) in [4] cannot be expected. Yet, the interference may not be a problem and
multiple concurrent content deliveries may be feasible. With D2D communications, obviously an
end user can directly transmit content to the nearby users without using access nodes. The important
tools will be network information theory and graph theory. For instance, the capacitated tree graph
in [4] may be used for our analysis after some modification (since our network models are different).
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Figure 3. Power gains by caching and power-delay tradeoffs.
WP 2: Efficient communications protocols for wireless caching networks. (Student A, PI; 0-4 years)

With performance limits, we will seek to find efficient communications protocols to approach
(even achieve if possible) them with the constraint of complexity. Preliminarily, we plan to use
following approaches to boost the performance of wireless caching networks: cooperative
communications, network coding and optimal scheduling.

Cooperative communications was originally proposed to increase the reliability and energy
efficiency for the user terminals with limited antenna sizes [15], [16]. In [17], the principle of
cooperative communications was proposed for the repairing problem of distributed storage systems
and showed substantial gain in term of repairing bandwidth. For the close connection, we expect
that the principle of cooperative communications can also be used for wireless caching networks in
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data placement (from the source to caching nodes) or delivery (from caching nodes to user
terminals). For instance, in the data delivery, multiple caching nodes can cooperatively transmit
content to a user, especially when channels are unreliable or users are moving. Thus, the gains in
throughput (or delay) may be expected. Similarly, network coding will be considered for wireless
caching [18] due to intrinsic connection. Currently, major of wireless caching schemes use index
coding [4], [5], [19] for data delivery, which is actually a special type of binary network coding.
Index coding is optimal for single-hop error-free broadcasting networks. However, if network
models are more complexity, index coding may not be optimal. For instance, in the scenarios of
heterogeneous or multi-hop networks, more complex network coding (generally in higher field sizes)
may be necessary to achieve optimal performance. For a single-hop homogeneous wireless caching
networks ([4], [5]), optimized scheduling (determines which caching node transmits to which user
terminal) may not be a problem. However, when the network becomes larger or more complex,
optimized scheduling may lead to gains in terms of throughput and transmission power etc. In the
project, we will study the scheduling algorithms for data delivery in wireless caching networks. We
will first formulate the problem of minimizing delay for giving throughput (or maximize throughput
for give delay). Then, various scheduling algorithms with limited complexity will be proposed to
address the optimization problems. The results will also be compared with the performance limits
found in Problem 1.

In [20], we already have some preliminary results on optimal scheduling for the terminal caching
networks with D2D communications. In the project, we will also study the scheduling problem for
heterogeneous wireless networks with access-node caching. Meanwhile, we will study if optimal
grouping (of caching nodes or user terminals) may also bring additional performance gains when
network density becomes high.

WP 3: Robustness of wireless caching networks (Student B, PI; 0-3 years. Student B and PI will
jointly work on the WP for about 2 years and PI will continue to work on it for another year after
Student B graduates):

Since in mobile networks, the caching nodes may not be reliable due to link/power outage or
node mobility, the technique of repairing failed (or unavailable) caching nodes is essential for the
efficiency of wireless caching networks. We will study the repairing problem for both access-node
caching and user-terminal caching. For the former, as in Figure 1, the caching nodes are a part of
the mobile infrastructure and may lie in the base-station (BS) or femtocell stations or other wireless
access nodes (e.g., relaying nodes). For the latter, as in Figure 2, a node failure may be caused by
node mobility or battery empty. In [21], we have preliminarily studied repairing failed caching
nodes in broadcasting channels. However, we only solve the problem for special (2%, k) caching
systems (i.e., 2k coded fragments are used to store & data fragments. Each node stores one fragment
and any & fragments can rebuild the resource) and each node loses exactly one data fragment.

In the project, we will extend the result in [21] to more general setups. Firstly, we will study
repair in wireless caching networks with more general system topologies (heterogeneous and high
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dense topology for future mobile networks) and arbitrary data loss. Similar to [13], [14], we will
find the tradeoff between storage space and bandwidth (may be also replaced by spectrum and
power in wireless setups). Note that the tradeoff in Problem 1 is for data delivery or placement. In
Problem 3, the tradeoff is for node repairing. The problems are different since in repairing, the new
node (as the receiver) does not need to rebuild the source. Different from [13], [14], the channels in
wireless caching are broadcasting and prone to transmission errors. Meanwhile, we will try to find
optimal network coding and transmission schemes to achieve the tradeoffs. Secondly, the dynamics
of network models will be considered. Due to node mobility or channel/node outage in mobile
networks, the topology is dynamic. Thus, it is valuable to study repairing problems for dynamic
caching networks. In such scenario, the successful repairing will not be deterministic (for the given
number of transmission). New measures should be proposed. For instance, we may consider the
probability of successful repairing (PSR). Thirdly, physical-layer measures (power, spectrum
efficiency) will be studied for repairing since in mobile networks, they are also essential. While in
Problem 1 we will investigate the power for data delivery (from caching nodes to end users) or
placement, we will in Problem 3 mainly study the power for repairing failed caching nodes.

4. Significance

In pioneer work [4]-[9], wireless caching has already shown significant gains (order of) in terms of
throughput and delay. Yet, the research of applying wireless caching to future mobile networks is still
in a quite early stage. Many properties of future mobile networks have not been sufficiently considered
yet for wireless caching networks, e.g., high dense, heterogeneous, high rate and low-delay etc. This
hinders the application of wireless caching to future mobile networks, which might be one of the most
important applications for wireless caching. The planning work in the project seeks to address these
problems (in some degree).

We expect our results will produce solid impacts in both academy and industry. Our research
results are mainly in the form of scientific publications in top journals and conferences (if feasible, we
will patent some results as well). Through journal publications and conference presentation, and
collaboration networks, our research will spread in the scientific community. Since we seek to be
fundamental and involving multiple areas (e.g., information theory, optimization, coding, graph theory
etc), the scientific impacts of our results are expected to be solid. Meanwhile, it is expected that 5G
mobiles will start to be deployed in near future, i.e., around year 2020. Our results may also get good
attention in industries too. Also, through existed collaboration, the research results may be expanded to
industry partners e.g., Ericsson.

5. Preliminary results
As preliminary results, we considered the repairing problem in wireless distributed storage systems

[21]-[23]. More specifically, in [22], we extended the objective function of bandwidth in [13], [14] to
more general costs and consider the multi-hop topology, which is one of essential properties of
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wireless networks. Reference [23] considers the channel error (packet erasure), which is another
important property of wireless networks. In [21], we studied the repair problem in some special
caching networks with broadcasting channels. We considered the scenario of partial repair, where only
parts of stored data of a node(s) are lost and repaired. In [20], we studied the optimal scheduling and
power allocation to minimize the delay for the data delivery of caching networks.

6. Independent line of research

The project PI already has certain research achievements in network coding, channel coding,
wireless communications and information theory. However, the techniques of mobile networks have
developed very quickly. This project will make the involved researchers (PI and students) updated to
the recent developments of wireless communications. Moreover, the project will further train the
involved researchers in knowledge areas in which they may still have insufficiency (e.g., optimization,
graph theory) and project management skills.

The host department will be KTH, the communication theory, which presently has 2 full professors,
5 Associate Professors (including PI), about 20 Ph.D students and Postdocs. The lab is also a part of
the ACCESS research center funded by VR Linnaeus grant. The host lab is a large group. However, Dr.
Ming Xiao is the only senior researcher independently working on this topic (wireless caching). The
senior researchers at the host group have different expertise. The expertise of Dr. Xiao is network
coding, cooperative communications and coding for storage. He has also done substantial research in
wireless communications, information theory and optimization. Dr. Xiao will independently lead the
project as the principal researcher. Certainly, in some aspects, collaboration with other senior
researchers of the same department is expected. For instance, Prof. Skoglund is an expert in wireless
communications and information theory. Collaboration in these directions is feasible and very helpful.
Yet, the main research work will be done independently by PI and involved students.

The project leader, Dr. Ming Xiao got his Ph.D degree for more than 6 years. The project is fully
independent to his research during Ph.D study.

7. Form of employment

The project PI, Ming Xiao, is currently an Associate Professor (UniversitetsLektor in Swedish) at
KTH, communication theory department (80% research and 20% teaching or other duty). He holds a
permanent position at KTH. The involved students will be employed as Ph.D students, according to
regulations at KTH.

8. International and national collaboration

Based on existed collaboration, we shall collaborate with international leading scientists for the
project, specifically, with Prof. Muriel Medard at MIT (joint publication, mutual visits), USA, and
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with Prof. Vincent H. Poor at Princeton University (joint publication, visits), and with Prof. Raymond
Yeung (mutual visits) at the Chinese University of Hong Kong, and with Giuseppe Caire at TU-Berlin
(on-going joint EU project application), and with Prof. Shlomo Shamai at Technion, Isreal (joint
publication), and collaboration with Prof. Jinhong Yuan, University of New South Wales (visits and
joint publication), Australia, and Prof. Branka Vucetic, University of Sydney (visits and joint
publications).

Within Sweden, in the academic aspect, collaborations within VR-funded ACCESS Linnaeus
center (e.g., Associate Prof. Carlo Fischione, Gyorgy Dan, Viktoria Fodor with joint publications or
projects) and within host communications lab will be expected. In the industrial side, future
collaboration with Ericsson is expected for this project. The host group (communication theory group
in KTH) has already established close collaborations with Ericsson Research in Kista. Dr. Ming Xiao
has also actively cooperated with different departments of Ericsson research through joint projects, for
instance, “WINNER+” project with Dr. Afif Osserian (also joint publications). He also leaded an EIT
ICT Lab project, which has the cloud department of Ericsson research as the partner (with Mr. Per
Pelle Karlsson, Ayodele Damola, Dr. Henrik Abramowicz). There are joint meetings and workshops
for discussing projects and new research direction. Thus, a further collaboration with Ericsson within
this project is feasible. This also gives opportunities to bring theoretical research to the practical
applications.

9. Other grant

Currently PI has no other grants with a similar idea (topic), and he has no any running project from
VR either. But PI also applied VR international career grant in March 2015 (result pending). The
project title is “A Study of Distributed Storage Systems for Big Data Applications” (Register Number:
2015-00627), which has a completely different idea relative to this application (aiming at wired
networks and data analysis). The grant application will follow the regulations of VR.
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