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1. How to virtualize the RAN
Mobile networks are becoming virtualized end to end – from the core up to and
including the radio access network (RAN). As mobile operators embark on the
transition, we see a variety of approaches, which vary in the depth and speed of
the virtualization process as well as in the chosen topology. A critical decision is
where to place functions physically within a virtualized network.
Which functions should operators keep in a centralized data center and which
ones should they move toward the edge? What RAN functionality should
operators keep at the cell site, and what at the data center? And with multiaccess edge computing (MEC) and other edge computing initiatives, where
should the edge equipment go? Depending on capacity, coverage,
synchronization and latency requirements, operators can use the core, RAN and
edge computing equipment at different network locations to optimize
performance and cost efficiency.
We are still learning about the best locations in different environments and for
different purposes, as well as for different operators’ strategies, because the
flexibility in the choice of location of network function is a new thing. In legacy
networks, the functions are tied to hardware elements, and those, in turn, are
tied to a location – it is a model that forces a rigid topology. The new freedom of
choice that comes with virtualization gives operators the opportunity to extract
more value from their networks, but it also challenges them as they select new
topologies for their networks.
Operators are clearly on board to move away from a traditional Distributed RAN
(DRAN), which has the baseband unit (BBU) located at the cell site, toward
virtualized solutions with the BBU at a remote location. Where should that
remote location be? Should it be close to the remote radio unit (RRU) or reside
with the evolved packet core (EPC)? How will that choice impact the fronthaul
(FH) and backhaul (BH) costs – and hence the overall total cost of ownership
(TCO)? In this paper, we explore these questions by comparing the TCO for a
Centralized RAN topology and a Cloud RAN topology.
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This paper is a companion to “How much can operators save with a Cloud
RAN? A TCO model for virtualized and distributed RAN,” which compared
the TCO for DRAN and Cloud RAN. In this paper, we look at two remoteBBU topologies – Centralized RAN and Cloud RAN – using that same TCO
model, and we then compare them to the DRAN TCO.
In a Cloud RAN the vBBUs can be colocated with the vEPC, and operators
need only mobile fronthaul to connect the RAN to the EPC.
In a Centralized RAN the physical BBUs are remote from the radio, but
located closer to the RAN. To reach the EPC, a fronthaul link and a BH link
are necessary.
In a DRAN, the BBU is at the cell site, so a backhaul link connects to the
EPC from the RAN.
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2. Choosing a functional split: latency and cost tradeoffs
Latency and cost are two main and linked factors in deciding how to virtualize the
RAN. The closer the BBU is to the edge, the lower the latency, but also the lower
the cost savings. So it is crucial to pinpoint the location that provides the desired
cost/performance balance. The choice of FH plays a crucial role in this decision.

With option 8, using CPRI for FH, performance is good, but the bandwidth
requirements are so high that the technology does not scale to 5G or to an
increasing number of 4G cell sites. CPRI is also limited in distance: when using
CPRI, operators have to locate the BBUs within 15 km of the RRU in the cell site.

Most operators’ efforts at RAN virtualization are still in the first generation, which
we call Centralized RAN here. The dominant solution today is a functional split
between the physical layer (PHY) and the radio frequency (RF), using Common
Public Radio Interface (CPRI) for FH. This is defined as option 8 by 3GPP.

Option 7, the other scenario assessed in this paper, is an intra-PHY split. It reduces
the latency and bandwidth requirements. At the same time, it allows for
centralized and coordinated traffic management and efficient allocation of
network resources, both for today’s 4G networks and for future 5G networks.
According to Mavenir, option 7 requires less than 1/10 of the bandwidth than
option 8 does – e.g., an FH link that requires 2.4 Gbps with option 8 would need
only 170 Mbps with option 7.

Several alternatives to option 8 are emerging, using other functional splits across
the protocol stack. The higher the option number, the more processing is done at
the BBU. Options 7 and 8 are the ones we consider in this paper.
In first-generation RAN virtualization, operators have to pay for FH from the RAN
to the BBU location, and then also for BH from the BBU to the EPC. The
combination of FH and BH, along with the use of CPRI in the FH, greatly reduces
the scope for the cost savings expected from RAN virtualization.
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We did not consider lower splits because, although they reduce the FH
performance requirements and thus the overall TCO, they limit the operator’s
ability to use new tools to manage traffic across the virtualized RAN.
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3. TCO model assumptions
We built a TCO model to look at the financial differentiators of Cloud RAN adoption
over a period of 5 years. In a previous paper, we compared the TCO for a Cloud RAN
and DRAN network, both with the same type and number of RRUs. In this paper, we
shift the focus to comparing Centralized RAN and Cloud RAN, to assess different RAN
virtualization solutions.
The model covers a set of macro and small cells that share a vBBU pool in a highdensity area with a mix of macro cells, outdoor small cells, and indoor small cells, using
cost assumptions that are within the typical range in a North American or European
market. Mavenir provided the cost assumptions, based on inputs from its operator
customers. We chose high-density areas because this is where operators initially plan
to deploy virtualized RAN solutions.
To look at the opex impact of the functional split, in this analysis we assumed that RRU
and BBU equipment is the same in the Centralized RAN and Cloud RAN cases. We
assumed three-sector 2x2 MIMO macro cells, 4x4 MIMO outdoor small cells, and 2x2
MIMO indoor cells. We expect the relative costs of Centralized RAN and Cloud RAN to
remain constant as we move to new MIMO configurations or 5G.
The difference between the two cases is in the costs and requirements for BH and FH.
In the Cloud RAN case, we used the option 7 intra-PHY functional split for the FH. This
eliminates the need for CPRI-based FH, reducing the bandwidth and cost requirements
of the FH and making Cloud RAN cost-effective in a wider set of environments. The
option 7 split allows the operator to use Ethernet-based FH or other FH solutions that
are cheaper than CPRI.
In the Centralized RAN case, we used option 8 for the FH functional split. This is more
expensive than option 7 because it requires CPRI. Also, BH is required to transport
traffic from the BBU pool to the EPC. (In the Cloud-RAN scenario, the BBU is co-located
with the EPC, so there is no need for BH.)
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TCO model assumptions
Framework. Our model compares the TCO, over five years, of a
Centralized RAN versus a Cloud RAN greenfield network with
vBBUs. All capex is in year 1, during deployment. The model
covers the RAN all the way to the EPC.
Network. 100 macro cells, 200 outdoor small cells, 250 indoor
small cells.
Technology. Macro cells: three-sector LTE 2x2 multiple-input,
multiple-output (MIMO). Outdoor small cells: single-sector LTE
4x4 MIMO. Indoor small cells: single-sector LTE 2x2 MIMO.
FH/BH. Centralized RAN uses CPRI and the 3GPP option 8 split. It
requires a CPRI FH connection to connect RRU to the BBU, and a
BH connection from the BBU to the EPC.
Cloud RAN uses the option 7 intra-PHY functional split in the FH,
which does not need a CPRI interface. Without CPRI, the BBU can
be located farther away and co-located with the EPC. As a result,
there is no need for a BH link from the BBU to the EPC.
vBBU multiplexing. In both scenarios, vBBU resources can be
dynamically allocated to RRUs with multiplexing. We estimate
that, when used, multiplexing reduces the BBU capacity
requirements by 50%.
Equipment. In the DRAN case, the RRU and BBU are at the
cell site. In the Centralized RAN and Cloud RAN cases, the
RRU is at the cell site, and the vBBU pool is at a remote site.

White paper Future-proofing mobile network economics

|4|

4. RAN virtualization beyond CPRI
Our TCO analysis shows that a Cloud RAN using the option 7 functional split
delivers a 23% cumulative TCO (capex and opex) savings over a CPRI-based, option
8 Centralized RAN solution over five years. Nearly all the cost savings in the Cloud
RAN case come from the opex, because the equipment and installation costs are
the same as Centralized RAN, except for the BH equipment, which contributes to a
1% capex savings.
The opex reduction in the Cloud RAN case comes exclusively from the BH and FH
recurring costs and creates a 29% cost savings over the Centralized RAN case. In
the Cloud RAN case, not only is the BH not required, but FH costs are lower. The
results show how crucial the selection of FH technology and the location of the
BBUs are for cost-effective virtualized RAN solutions.
The main sources of cost savings with Cloud RAN are BH and FH. In our model, we
used median BH and FH costs, but there is a large amount of variability, depending
on the country, location within the operator’s footprint, and technology selected.
In all cases, however, the cost savings with Cloud RAN are substantial because,
unlike Centralized RAN, it does not require BH.
The availability and cost of fiber connectivity needed for the FH play a crucial role
in the TCO. Here we assume the operator leases fiber. However, if the operator
owns a fiber network, FH costs are typically much lower than for a lease from a
third party. At the same time, if fiber is not available at the cell site and the
operator decides to install a fiber network, then the capex will increase
substantially, and the opex will decrease as the leasing fees go away. Typically, the
capex increase will be much higher than the opex decrease over five years,
because it usually takes more than five years to recoup the investment in
deploying fiber. Finally, if fiber is not available and the operator is not willing to
deploy it, Centralized RAN may simply not be a feasible option at that location.
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To put these results in a broader context, we have gone back to the DRAN analysis
we did previously (see figure on the right) and compared DRAN to the two
virtualized RAN cases, to see what gains there are from virtualizing the RAN. The
overall TCO decreases by 18% as we move from DRAN to Centralized RAN, but the
greater savings are for Cloud RAN – 37% over five years.
For Centralized RAN, the cost savings over DRAN come almost exclusively from the
capex (49% versus 2% in the opex). Opex from site lease, operations, maintenance,
and power are substantially lower in the Centralized RAN case, but the higher
combined BH and FH is still high enough, however, to erase virtually all the other
opex savings.
For the Cloud RAN, the savings were 49% for capex and 31% for opex, as
previously reported. The move to a virtualized RAN allows operators to use lessexpensive off-the-shelf hardware and to benefit from efficient use of baseband
resources with vBBU pooling. Opex savings come from lower maintenance, power,
and operational costs, because operators deploy less equipment at the edge, and
the remote equipment is typically cheaper to manage.
The two comparisons show that RAN virtualization can deliver cost savings over
five years in the scenarios we used in our TCO model for both the Centralized RAN
and Cloud RAN. However, the choice of RAN virtualization model has a significant
impact on the overall cost savings, with Cloud RAN delivering the largest cost
savings – 37% over DRAN (Figure 2) and 23% over Centralized RAN (Figure 1).
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