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Abstract— This paper presents an overview and innovative 
Energy Efficient inter-radio access technique (RAT) 
management algorithms combined with control/user plane 
separation architectures dedicated to Wi-Fi overlay 
networks for future cellular networks. For that pur pose, 
several system concepts issued from collaborative projects 
and standardization activities are first detailed in the 
paper. Following this overview, innovative architectures 
derived from the ICT-FP7 MiWEBA project are 
presented. These new multi-RAT architectures focused on 
power efficiency for coordinated networks, are currently 
tuned to mm-wave overlay networks within the framework 
of the project and for further standardization actions. 
Link adaptation metrics used to support decision in air 
interface selection are exposed and their integration in 
cross layer network architectures is proposed. Gains of 
such inter-RAT management by the use of link adaptation 
metrics are illustrated using a dedicated power efficient 
metric, highlighting benefits of multi-RAT management 
over C/U plane separation schemes. 

Keywords— C/U splitting, Inter-RAT management; power 
efficiency; Link Adaptation selection; mm-wave HetNets.  

I.  INTRODUCTION (ORANGE, KDDI) 

Deployment of small cells over traditional macro cells is an 
attractive solution for network operators to enable user traffic 
to offload from macro to small cells. For next generation 
cellular networks, multiple radio access technologies (multi-
RAT) based small cells are expected to be deployed in a same 
macro cell at the same time. Therefore, the research on 
integration of macro and small cells and multiple interface 
management for next generation heterogeneous networks 
(HetNets) has significant importance.  

Currently, standards organizations, such as IEEE, WiMAX 
(worldwide interoperability for microwave access) and 3GPP 
(3rd generation partnership project), have separately developed 
interworking solutions for HetNets. IEEE developed an MIH 
(media independent handover) framework to provide vertical 
handovers between different radio access networks, and 
suggested the use of ANQP (access network query protocol) to 
provide information for connecting to wireless local area 

networks (WLAN) [1]. WiMAX proposed solutions for 
interworking with other radio access networks [2]. 3GPP 
developed ANDSF (access network discovery and selection 
function) [5] to assist user equipment (UE) to discover non-
3GPP access networks. Recently, a Release-13 work item LTE-
WLAN aggregation [6], aiming at enabling simultaneous usage 
of LTE radio access and WLAN radio access, is under 
discussion in the 3GPP.  

Multiple Interface management is one of 5G solutions to 
fulfill 5G requirements turned towards 1000xthroughput 
increase, seamless connectivity in dense urban areas examining 
limited infrastructures cost regarding end-to-end multi-RAT 
network deployments. These challenges have been addressed in 
several collaborative projects as METIS [13], MAGNET 
Beyond [22] and consortium, in particular in Green Touch [25]. 
The ICT-FP7 MiWEBA project has investigated Spectrum 
Efficient and Power Efficient metrics and associated 
architectures in connection with mm-wave overlay networks 
[10]. 

The goal of this paper is to make an overview of research 
activities dealing with multi-RAT (radio access technique) 
management for HetNets and acquire benefits of such 
architectures. C/U plane splitting architectures combined with 
multiple Interface management are promising solutions to 
implement multi-RAT.  

In this paper, the current 3GPP standardization on C/U 
plane separation is introduced in Sect. II. In Sect. III, an 
overview on multi-RAT management systems and architectures 
are explained in details, bringing a solid state of art and starting 
point to multi-RAT studies in the MiWEBA project. A joint 
power efficient multi-RAT C/U plane separation algorithm 
integrating a power efficient link adaptation metric [14] is 
presented in Sect. IV. The performance evaluation on multi-
RAT management combined with C/U plane separation is done 
in Sect. V. Finally our conclusions are made in Sect. VI.  

II. 3GPP C/U PLANE SEPARATION  

In 3GPP Release-12, three solutions for 3GPP/WiFi radio 
interworking are introduced [15], which are CN (core 
network)-level interworking solutions and enhanced by 
improving user’s QoE and providing more control to operators. 
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As shown in Fig. 1, Wi-Fi access points (AP) interwork with 
3GPP networks according to S2a, S2c and STa interfaces to 
access the PDN GW (packet data network gateway) and the 
3GPP AAA (authentication authorization accounting) server in 
the 3GPP EPC (evolved packet core). CN-level offloading 
solutions for WLAN are useful for service and policy 
management, but not for radio efficiency. Frequent handovers 
between 3GPP and WLAN result in long delay and consume 
UE battery power. 
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Fig. 1: CN-based 3GPP/WiFi interworking architecture 

The C/U (control/user-plane) splitting mechanism has been 
firstly discussed in 3GPP Release 12 for dual connectivity 
(DC) in LTE-Advanced systems [16] [17], where radio 
resources of both LTE macro cells and LTE small cells are 
controlled only by macro eNBs. The small cells only serve 
UEs with U-plane data traffic. This C/U plane separation 
mechanism can not only reduce signaling overhead towards 
the core network due to frequent handovers, but also enhance 
mobility robustness and reduce handover failure rate by 
maintaining the macro cell C-plane connection. The C-plane 
architecture of DC is shown in Fig. 2, where, there is only one 
S1-MME (Mobility Management Entity) connection per UE 
and there is no RRC (radio resource control) entity in the 
SeNB (secondary eNB). SeNB related RRC configurations are 
transmitted to the MeNB (master eNB) in the form of RRC 
container.  

 
Fig. 2: Control plane architecture of DC 

There are two user plane architectures adopted in 3GPP Rel-
12, i.e., U-plane architecture 1A and 3C [17], as shown in Fig. 
3. For 1A, different DRBs can be transmitted to UEs using two 
different U-plane interfaces of MeNB and SeNB. For 3C, the 
data radio bearer (DRB) offloaded to small cells are 
transferred by PDCP layer of macro eNBs, but not directly 

from LTE core networks. 

 

Fig. 3: User plane architectures of DC 

To achieve the benefits of dual connectivity for 
3GPP/WLAN heterogeneous networks, the C/U splitting 
mechanism is considered to be applied for RAN (radio access 
network)-level 3GPP/WLAN aggregation. The related work 
item proposed in [6] is under discussion in 3GPP meetings. 
However, since the data packet formats of 3GPP and WLAN 
are totally different with each other, the U-plane architecture 
1A cannot be applied for 3GPP/WLAN aggregation. Therefore, 
only 3C architecture is considered to be extended.  

Within the framework of 3GPP LTE-WLAN aggregation 
studies [6], WLAN Termination (WT) is specified to connect 
both LTE macro eNB and WLAN APs, controlling several 
WLAN APs in a same mobility group, as shown in Fig. 4. 
Extensions are proposed in the ICT-FP7 MiWEBA project 
considering mm-wave transmissions for backhaul and mobile 
access [9] [10]. 

 
Fig. 4: LTE-WLAN aggregation architecture 

III.  MULTI -RAT MANAGEMENT SYSTEMS : OVERVIEW  

Multi-RAT management in heterogeneous networks and 
muti-RAT terminals require dedicated link adaptation metrics 
to evaluate the radio link reliability and perform a decision on 
the air interface and transmission mode selection in relation 
with the service throughput, the radio link distance between 
the transmitter and the receiver, the interference level and 
propagation conditions. These metrics are designed depending 
on different types of optimization criteria. Spectrum efficiency 
(SE) criterion [19][20] has been mostly adopted in LTE-A and 
Wi-Fi offloading in order to ensure throughput increase trends 
in future network evolutions. In addition, Energy Efficient 
metrics have been recently introduced in LTE-A [21] and 
multi-RAT deployments [11][14][13] that are exposed below.  

A. Multi-RAT link adaptation metrics 

1) SE link adaptation metric 
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SE link adaptation metric have been introduced for fast 

link adaptation techniques in Wi-Fi and in the Long Term 
Evolution-Advanced (LTE-A) [8][19][20][15]. The link 
adaptation system selects the highest constellation order and 
higher number of useful bit per symbol in relation with the 
received signal strength denoted received Signal Strength 
Indicator (RSSI) which is evaluated at the receiver side with 
dedicated pilots[8][19][20]. Tables are established to provide 
the relation between the RSSI quantified on n-bits and denoted 
channel quality indicator (CQI) index and the measured SNR 
estimated on pilots. These algorithms are denoted adaptive 
modulation coding (AMC) algorithms. In LTE-A, bit 
quantification is performed on 4 bits [8][19][20][21] and in 
IEEE802.11 interfaces, quantization is close to 7 bits. This 
information reported by the user to the E-nodeB helping the E-
nodeB to perform itself the selection using propriety 
algorithms. An illustration establishing the relationship 
between the receiver power to noise ratio (SNR) level deduced 
from the RSSI and the spectrum efficiency (SE) is given on 
the Fig.5. 
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Fig. 5: SE criterion to select modulation order in a single air interface 

In [20], more meticulous investigation is deemed for the 
CQI definition in differentiating different multiple antenna 
techniques as well as hybrid automatic repeat request (HARQ) 
retransmissions, to refine, at the transmitter side, the decision 
using the CQI feedback. The decision selects the code rate as 
close as possible as the UE CQI feedback using a SE criterion 
and if more than one combination of modulation order 
corresponds to the CQI index, then the smallest of transport 
block size is selected, limiting SE criterion and strengthening 
the QoS. This approach is a first step towards transmission 
mode selection turned towards energy efficient (EE) selection. 

In the ICT-FP7 OMEGA project dealing with multi-RAT 
management for the home networking able to combine Ultra-
Wide Band, wireless optics and fiber transmissions to ensure 
multi-Gigabit wireless connectivity, a link efficiency metric 
has been designed in order to guaranty QoS and optimize 
throughput at the MAC layer [11].  

2) Power Efficient link adaptation metric for multiple 
interfaces 

A power efficient link adaptation metric has been first 
introduced in the METIS project [13] and is currently tuning 
up in the ICT FP7 MiWEBA project [14]. This metric, 
denoted Green Link Budget (GLB) metric and composed of 2 

sub-metrics {α,β} expressed in dB, is derived from link 
budget computations and dynamic power control processing 
consecutive to a first decision done by one of sub-metrics 
forming the GLB metric, i.e. the α sub−metric.  The β sub-
metric performs dynamic power adjustment on candidate 
transmission modes.  

In order to compare independent interfaces operating in 
different RF bands ad various power regulations rules, the a-
metric computes relative degradations involved by multipath 
at the link level side and at the physical medium sizes. For that 
purpose, the α-metric evaluates a Multipath Channel Margin 
(MCM) parameter materializing the relative degradation 
introduced by the multipath propagation channel on link level 
performance associated with a maximum bit error rate 
admissible in connection with the transported service. Link 
level performance is connected to an Air 
Interface/Transmission Mode (AI/TM) to transmit data with a 
targeted data rate D, a QoS. A similar parameter is introduced 
regarding received power range variations in multipath and 
idealistic cases. Multipath effects involved by obstacles in the 
Fresnel zone, spreads powered multipath components in 
several directions due to diffraction, reflection and diffusion 
limiting the received power level at the receiver side. A Path-
Loss Margin (PLM) parameter is then introduced to quantify 
relative received power degradations with respect with an 
‘idealistic’ described by a direct link between the transmitter 
and the receiver without obstacles. The idealistic received 
power, standing for idealistic available received power 
ARPFS(d,fc) is simply calculated by considering the same 
EIRP as in the realistic scenario, the equivalent receiver 
antenna gain GR and the free space path-loss model deduced 
from the Friis equation, to evaluate available received power 
ARPFS(d,fc) using the equation below : 

10 10 10

( , ) ( , )    (dBm)

( , ) ( ) ( ) (dB)
4

 20 (  ) 20 20

FS R FS

FS

ARP d fc EIRP G PL d fc
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c

d
π

= + −

= ++ ⋅
(1) 

In (1), c is the speed light, fc is the RF carrier and d is the 
distance between the transmitter and the receiver. 

The multipath available received power, ARPMFS (d,fc), 
may be either deduced from a direct measurement of the RSSI 
or deduced from a knowledge of the multipath path-loss 
model, PLMFS(d,fc) which is an extension of the Friis equation. 
ARPMFS (d,fc) and PLMFS(d,fc) are expressed below: 
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  (2) 

PL0 (d0,fc) is a path-loss offset derived from path-loss 
measurements at a distance d0 between the transmitter and the 
receiver in which the attenuation may be assimilated to the 
free space path loss when distance d0 is small. n is the 
exponential coefficient (logarithmic dependency in dB) 
dependency with the distance d between the transmitter and 
the receiver and σ is the standard deviation of measurements. 

The algebraic expressions of MCM and PLM are given 
respectively by: 
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where SM is the multipath power sensitivity translating the 
required power level to transmit data with a targeted BER and 
data rate D in a multipath scenario, SAWGN is the power 
sensitivity under AWGN channel related to the same TM and 
data rate. The required power or multipath power sensitivity SM 
is dependent of the link level system performance (required 
SNR to achieve a targeted BER). 

The multipath and AWGN power sensitivity are 
respectively related to link level performance and required 
power to noise ratio SNRMP and SNRAWGN as follow: 
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Where NF is the noise figure of the equipment’s, Bw is the 
efficient bandwidth of the PHY layer system and PN0 is the 
reference noise power, associated with a reference noise 
temperature set 290 K and a fixed bandwidth B0 set to 1 MHz. 

ARPMFS (d,fc) and ARPFS(d,fc) are the Available Received 
Power levels, standing for the Received Signal Strength 
Indication (RSSI) upon multipath and free space respectively. 
PLMFS (d,fc) and PLFS(d,fc) are the multipath and free space 
path-loss models. EIRP is the radiated power level at the output 
of the transmitter antenna. As shown in (3), PLM may be 
deduced from the Available Received Power at the User 
Equipment (UE), ie the RSSI. In that case, an idealistic RSSI 
(ie ARPFS (d,fc)) associated to the free space path-loss 
attenuation, is used in order to calculate PLM.  
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Fig. 6: The α-metric definition in the Green Link Budget metric 

1) The β-metric is a metric dedicated to real-time power 
control adjustment: the available received power, ARPMFS 

(d,fc), is adjusted to the required power level (i.e. the 
multipath power sensitivity SM) necessary to guarantee the 
QoS and desired radio coverage.  
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  (5) 

 
Fig. 7: The GLB metric representation of single TM and AI, from [14]  

Fig. 7 provides a description of the {α,β } metric derived 
from the link budget procedure usually done to estimate the 
radio coverage of a transmission mode (TM) which is 
described by a throughput delivered in an efficient bandwidth 
and exploiting a special baseband processing (coding, MIMO, 
etc…) assorted with a modulation and coding scheme (MCS). 
The multipath power sensitivity, SM, attached to a TM 
associated to a techno 1, designed by TM1, in a multipath 
scenario is the required power to allow the transported service 
with a maximum bit error rate fixing the QoS. The associated 
available received power, ARPMFS(d,fc), is calculated with the 
EIRP, the receiver antenna gain GR and the path-loss 
PLMFS(d,fc). The radio coverage is obtained when the 
available received power varying with the distance d 
converges to the multipath power sensitivity SM. Plotted black 
circles on Fig. 7 give the radio coverage on x-axis, in realistic 
and idealistic cases respectively. The figure plots SAWGN and 
SM derived from (4) that are related to link level performance 
and shows the available received power in realistic and 
idealistic case. MCM,1 is deduced from the difference 
between SM and SAWGN and PLM,1 is derived for each distance 
point, from the difference between the available received 
power in free space ARPFS(d,fc) and multipath ARPMFS(d,fc) 
respectively, in accordance with (3).  

The β-metric is the difference in dB, for each distance 
point, between the available received power ARPMFS(d,fc) and 
the multipath power sensitivity SM represented on the Fig. 7. 
In order to guaranty transmissions, the β-metric has to take 
positive values. A power margin (PM) may be introduced to 
cope with shadowing effects that involve a minimum β-value 
higher than x-dB, with x superior to 0 dB. β-metric variations 
are ranged from 3 to 15 dB, depending on propagation 
conditions and geographical topologies. 

B. Multi-RAT management architectures 

Several Multi-RAT architectures may be envisioned to 
implement multi-RAT link adaptation metrics following a 
cross layer approach. In section IV.A, we propose a generic 
multi-layer abstraction layer able to cover several multi-RAT 
management solutions depending on involved technologies in 
the multi-RAT scenario.  

This concept is derived from the Unified Convergence 
Layer (UCL) designed in the ICT-FP7 Magnet Beyond project 
[22] where 3 abstraction levels have been designed to 
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implement personalized networks (PN), as shown on Fig.8. 
The service abstraction level deals with class of services 
deployed in the PN, the network abstraction manages 
interconnectivity between separate networks and the 
connectivity abstraction level combines different air interfaces 
that are differentiated by their throughput range connected to 
the service abstraction level. Multi-RAT management is mainly 
performed at the network layer and other abstraction levels 
establish a relation between the services, the network 
connectivity and associated air interfaces. 
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Fig. 8: UCL concept developped in the IST-FP6 MAGNET beyond 
project. 

In the OMEGA project, an additional layer L2.5, denoted I-
MAC (media access control) has been introduced to manage 
different interfaces [12] [26] and link metrics have been 
designed to switch between different interfaces and select the 
best path to perform multi-relay node transmissions between 2 
nodes [11][12]. Nodes are devices communicating together in 
Device-to-device communication mode. Several interfaces are 
taken into account in the architecture, including powerline, 
Wi-Fi technologies operating in the 5 GHz band 
(IEEE802.11n), UWB operating in the 60 GHz band and 
UWB bands [23] and Wireless Optic (WO or VLC), as shown 
in Fig. 9. 
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Fig. 9: MIM using a L2.5 layer to manage UWB, Wi-Fi, mm-wave 

and WO transmissions  

Best path selection in multi-relay node architectures have 
been developed and implemented in a hardware platform 
interconnecting different devices as relay nodes to transport 
data from one node to another one [26].  

IV.  POWER EFFICIENT MULTI-RAT C/U PLANE SEPARATION  

A. Multi-layer cross layer architecture 

A new multi-layer cross layer for inter-RAT management 
architecture is proposed, encompassing multiple abstraction 
layer level schemes, depending on involved technologies in 

multi-RAT scenarios and protocol exchange requirements to 
switch from one interface to another one. This generic model 
which is an extension on the I-MAC concept [26], is 
illustrated on Fig. 10 and will be designed in more details and 
tuned in the ICT 5G 3P mm-MAGIC project. The concept 
results from a generic approach which adapts the multi-RAT 
processing to require signaling protocols at different layer 
levels. In addition, it may guaranty backward compatibility 
with existing link adaptation architectures as the Fast session 
transfer mechanisms implemented in the IEEE802.11 ad 
standard to switch between IEEE802.11 ac and IEEE802.11 ad 
standard [3]. 

 
Fig. 10: Generic Cross layer Multi-RAT management model 

The abstraction layer-1 based on PHY/MAC mechanisms and 
a common IP network layer, is detailed and illustrated upon 
Fast Session Transfer (FST) mechanisms [3] used to switch 
between IEEE802.11 ac IEEE802.11 ad standards and deploy 
mm-wave phantom cells. This protocol utilizes proper Physical 
Layer Control Protocols (PLCP) and identified PLCP fields to 
perform Air Interface Switching using IEEE802.11 ac and 
IEEE802.11 ad beacons to establish IEEE802.11 ad 
transmissions initiated by IEEE802.11 ac beacons operating at 
5 GHz. This mechanism limits latency in the Air Interface 
Switching (AIS) procedure between Wi-Fi components. The 
multi-RAT abstraction layer-2 and layer-3 are related to 
independent air interface management requiring either an 
additional inter-MAC layer (L2.5) or IP network layer 
exchanges. These 2 architectures exploit C/U plane separation 
to implement multi-RAT management.  

The abstraction layer-2 is derived from the multiple interface 
management adopted in the ICT-FP7 OMEGA project. In 
OMEGA project, an additional L2.5 layer is added above the 
LLC layer of interfaces in order to manage and switch between 
different interfaces considering link reliability combined with 
best path-selection in multi-relay node deployment. Link 
Adaptation metrics [14] are forwarded to a MAC-layer adaptor 
to activate the selected air interface and transmit data.  

An illustration of a multi-RAT CQI metric integration in a 
multi-layer C/U plane splitting architecture, typically the GLB 
metric, is proposed on Fig.11, regarding the abstraction layer-1, 
the metric estimated with dedicated pilots and PLCP headers is 
forwarded to the control plane interface aduse interface tables 
to emulate a targeted technology through the data plane Core. 
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Regarding the abstraction layer-2, the metric is transported 
through the inter-MAC adaptor to the monitoring engine at the 
layer 2.5 and local link tables allowing an air interface 
selection and a path selection engine. The information is then 
downloaded to the abstraction layer-1 to compute the selected 
air interface and the path.  

MT-LA metric

integration

MT-LA metric

integration

MT-LA metric

computation

L2.5 

Layer

Abstraction

layer-2

Abstraction

layer-1

 
Fig. 11: Abstraction layer 1 and 2 management in C/U plane 

separation adapted to OMEGA I-MAC system [26]. 

Benefits and drawbacks of these architectures are analyzed 
upon several multi-RAT scenarios. The abstraction layer-3 
performs multi-RAT management at the IP level using Rat 
Termination (RT) mechanisms derived from the IEEE802.11 u 
standard [1] to perform LTE/Multi-RAT aggregation. The 
Multi-RAT link adaptation metrics, evaluated at the 
PHY/MAC layer following the procedure detailed in [14], are 
forwarded to the IP level.  

B. Layer-3 C/U plane separation architectures 

The LTE-WLAN aggregation architecture agreed in 3GPP 
in Fig. 4 can be extended to LTE/Multi-RAT HetNets and a 
RAT Termination (RT) is proposed here to connect 3GPP 
eNBs and non-3GPP RATs. It can help to maintain the 
integrity of current specifications of 3GPP.  

Multi-RAT C/U plane separation architectures are 
considered here. Taking mm-wave APs and WiFi APs as an 
example, in Fig. 12, LTE U-plane and Multi-RAT U-plane 
transmissions are independent. DRBs may be either different 
(i.e., non-split DRBs) or identical (i.e., split bearers). In the 
LTE-WLAN architecture shown in Fig. 4, the LTE/WT and 
WT/AP interfaces (i.e., Xw interface) will be newly specified 
in 3GPP. The Dual connectivity (DC)-like user plane (UP) 
interface, i.e., GTP-U, between macro eNB and WT has also 
been defined. To retain the 3GPP standardizations, the similar 
interface and user-plane protocol are considered here.  

 
Fig. 12: LTE/Multi-RAT heterogeneous network. 

The C-plane and U-plane architectures are shown in Fig. 13 
and Fig. 14. A RT is proposed to connect the macro eNB and 
Multi-RAT APs and transfer user data traffic to UEs. This 
architecture is an extension of the proposed RAN-level 
LTE/WiGig interworking in [17]. The functions defined in 
LTE/WiGig adaptation layer [17] and RTs are totally different. 
The latter one includes a multi-RAT management processing 
(MMP) function shown in Fig. 10 and Fig. 11, i.e., abstraction 
layer-1 and layer-2, where, a multi-RAT power efficient link 
adaptation metric is utilized for multi-link selection associated 
with different UEs in a multi-RAT environment. The MMP 
function and architecture was introduced beforehand. The 
proposed C/U plane separation architectures between 3GPP 
and non-3GPP networks are shown in Fig. 13, Fig. 14. They 
may bring the following benefits, including: 

• Non-3GPP access network becomes transparent to LTE 
core network (CN) and under full control of E-UTRAN. 

• Non-3GPP accesses can response to wireless radio 
conditions on real-time and minimize service 
interruption time without increase of the CN signaling. 

• Enable to jointly control and optimize the radio 
resources of both 3GPP and non-3GPP to improve 
users’ quality of experience (QoE) as well as overall 
system capacity. 

• Enable to avoid frequency inter-cell handovers due to 
extended user/control plane architectures. 

• Select the most appropriate interface for the macro eNB 
connection to the UE and the Small cell to the UE 
independently by using a multi-RAT Link Adaptation 
metric as detailed in the paper. 

• Select the most appropriate AP and small cell to 
establish communications in a dedicated zone by using 
a multi-RAT link adaptation metric as detailed in III.A. 
A mapping of these metrics in a radio engineering tool 
is a powerful support to the multi-RAT management 
and network densification taking into account of real 
topologies of the deployment zones [24]. 

 

 
Fig. 13. C-Plane architecture for LTE/Multi-RAT aggregation 
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Fig. 14.  U-Plane architecture for LTE/Multi-RAT aggregation 

Therefore, the C/U plane splitting mechanism based 
aggregation architecture is a promising solution for the 
implementation of LTE/Multi-RAT HetNets. 

V. SYSTEM PERFORMANCE 

Performance and gains of multi-RAT management 
combined with C/U plane separation may be evaluated with 
the GLB metric. The α-metric translates degradations 
involved by multipath on different air interfaces and upon the 
physical transmission medium. The α-metric difference 
between 2 TMs associated to different air interfaces and a 
reference scenario, delivering the same throughput, reveals a 
gain in terms of multi-degree degradations impacting link 
budget and QoS. From the β-metric expression, we may derive 
a required radiated power associated to a TM of an interface as 
a function of the distance. Considering different TMs, the 
radiated power difference may be computed using (5), 
explicitly giving transmit power gains in selecting the 
appropriate TM after the α-metric decision as expressed 
below: 

( , )

( , )
R AWGN FS

R AWGN FS

EIRP G S PL d fc

EIRP G S PL d fc

β α
β α

= + − − −
∆ = ∆ + ∆ + ∆ + ∆ + ∆

(6) 

A. WiGig deployment for hot spots in mobile environment 

A use case is considered in connection with MiWEBA 
scenarios developed for a proof of concept of C/U plane 
splitting which results in a combination of LTE and WiGig 
signals. In the HW platform, the UE initially in a LTE mode, 
switches on 60 GHz to receive and transmit a video streaming 
if the RSSI is higher than a threshold. Otherwise the signal is 
transmitted in lower data rate, following a WiGig/LTE 
transition. 

In the considered simulated scenario, the UE transmits a 
video streaming in a WiGig OFDM TM at 60 GHz, 
considering 2 possible MCS (64-QAM ½ and 16-QAM ¾) 
delivering the same throughput set to 4158 Mbps [3]. The 
channel size is set to 2640 MHz, forward error coding (FEC) 
is low density parity Check (LDPC), and modulated symbols 
are mapped upon 336 data sub-carriers with a FFT size set to 
512. Link level parameters are reported on TABLE I. Table II 
gives 60 GHz path-loss models used to evaluate PLM at 60 
GHz from [24]. PL0(d0,fc) is a path-loss offset at a distance d0 
between the transmitter and the receiver, n is the exponential 
coefficient (logarithmic dependency in dB) dependency with 
the distance and σ is the standard deviation of measurements. 

The UE is moving within the small cell and is affected 
with line of sight (LOS) and obstructed LOS (OLOS) 
transitions. If we would consider an AMC link adaptation 
processing, the selected MCS following CQI feedback (see 
III.1) will not be changed because the throughput is similar for 
these 2 TMs and no CQI index differentiation is envisioned 
for similar throughput range between TMs. Assuming, the 
initial state of the radio link is in LOS, the selected MCS with 
AMC decision would be 64-QAM ½ corresponding to the 
highest modulation order.  

TABLE I : link level parameters for GLB metric computation 
IEEE 802.11 ad OFDM mode, LDPC FEC, throughput = 4158 Mbps 
MCS SM 

LOS 
SM NLOS SAWGN MCM 

LOS 
MCM 
NLOS 

16-QAM 3/4 -57.77 -48.57 -58.57 0.8 10.0 
64QAM 1/2 -55.87 -47.77 -56.97 1.10 9.20 

TABLE I: Path-loss models used for MIM assessments 
 n PL0(d0, fc) (dB) σp (dB) 
LOS 1.53 71.2 3.92 
NLOS 2.56 79.79 5.04 

When considering the α-metric decision, Fig. 15 shows the 
α-metric translates variations due to LOS/OLOS transitions 
and inquires for a MCS switching as a function of the distance 
when LOS/OLOS transition occurs. When the UE is in LOS 
with the AP, 16-QAM ¾ MCS is selected instead of 64QAM 
½ and in OLOS the MCS 64QAM ½ is preferred. Gains of the 
MCS switching result from accumulated gains in LOS and 
OLOS with the α-metric decision. The gains are close to 1.5-2 
dB. 

 
Fig. 15: α-metric variations with LOS and OLOS transitions 

 
Fig. 16: β-metric variations with LOS and OLOS transitions 

β-metric variations are represented on Fig. 16. The relevance 
choice of the MCS in OLOS involves a transmit power 
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reduction close to 1-2 dB or an radio coverage extension 
higher than 5 m, passing from 35 m to 40 m radio coverage. a-
metric gains When considering the LOS/OLOS transitions, 
potential transmit power gains are derived from dynamic 
power control processing performed considering β-variations 
for a targeted distance (6). The Green Multi-Technology 
Engineering platform which integrates the GLB metric in a 
radio engineering tool explicitly exhibit such LOS/OLS 
variations and the platform is used for multi-RAT network 
densification optimization [24]. 

VI.  CONCLUSIONS 

This paper presents first an overview and state of art of C/U 
plane splitting investigated in 3GPP and link adaptation 
techniques and multi-RAT management developed in 
collaborative projects. A status of 3GPP LTE-WLAN carrier 
aggregation is carried out to position and introduce a new joint 
PE C/U plane splitting architecture for multi-RAT 
heterogeneous networks. Link adaptation techniques based on 
AMC processing and SE optimization are presented and 
multiple interface management models developed through 
several collaborative projects are exposed. A RAN-level C/U 
splitting based LTE/Multi-RAT aggregation architecture 
combined with a multi-RAT link adaptation processing is then 
presented using a multi-RAT power efficient metric, denoted 
green link budget (GLB) metric, is detailed in the paper. A 
joint energy efficient multiple interface management function 
using the GLB metric, is evaluated on a video streaming 
scenario designed in the ICT-FP7 MiWEBA project for proof 
of concept issues. Results exhibit significant gains resulting 
from LOS/OLOS differentiation and a decision based on 
relative degradations at the link level layer and regarding 
physical propagation conditions. In a next step, emerging 
mobile device reconfigurable architectures developed in the 
ETSI Radio Reconfigurable Technical Group to perform 
multi-RAT management at the receiver side will be 
investigated under the radio virtual machine and will be 
harmonized with C/U plane separation mechanisms developed 
at the transmitter side. 
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