












 

 

 

Figure 2 GPP base band resource pool structure 

  Analysis of real-time signal processing based on GPP is shown in figure 3. 
 

 

 

Figure 3 instances of LTE uplink 
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D.  Connection technology of  BBU and RRU 

The network structure of C-RAN makes a new challenge to connection technology between BBU 

and RRU, the interface between them has the following several ways.  

(1) Fiber optic drives directly. BBU and RRU in every site use connection of fiber point to point, 

using common light module, optical fiber demand is affected by RRU cascade ability and interface 

data, because of linear increment of sites, this connection is suitable for optical fiber resource-rich 

regions or areas like small-scale C-RAN gathering.  

(2) The colourful drives directly. The colourful directly driving way belongs to the compromise of 

wavelength division technology and optical fiber, RRU and BBU use the colourful light module, 

and access to DADM, the maximum coarse direct-drive can support 18 waves, the maximum tight 

direct-drive can support 80 waves, numbers of optical fiber are not change along with increment 

numbers of sites, only two optical fibers can make a network. Without new transmission 

equipment, so the cost is low.   

(3) Wavelength division. Using coarse wavelength division or dense wavelength division to carry 

CPRI data, it is needed to add wavelength division equipment at each site, the optical fiber 

resource utilization is high, but this way is limited by time delay of equipment and partial wave 

cascade loss, so it is mainly suitable for sharing business with others. 

 

 

III.BASE BAND RESOURCE ALLOCATION METHOD BASED ON DYNAMIC 

PROJECTION OF BBU-RRU 

 

A. Model of dynamic projection  

According to its using resource, one BBU can support one or more RRU (the same color in figure 

4), logical connections between the BBU and RRU can change, RRU does not belong to certain 

BBU, but it can be dynamically projected to the suitable BBU (RRU belongs to the same BBU is 

marked by dashed lines after changing mapping in figure 4 ). 

BBU focuses on base band pool, it can be connected by fiber or strengthened X2 (interface X2 is 

used to realize interconnection between the eNB, it is equal to interface among base stations, 

consists of users plane X2 and control plane X2). RRU is the remote radio unit, which is located in 

the traditional station, it only can launch signals without signal processing. BBU and RRU are 

Yanrong Niu, BASE BAND RESOURCE DISTRIBUTION UNDER C-RAN

296



 

 

connected by high-speed fiber-optic interfaces. 

                   

Figure 4  Dynamic projection model 

B. System model 

C-RAN base band resource pool contains a BBU collection with a number of m, each BBU 

consists of a "cluster" ("clusters" is included by several virtual machines and DSP (FPGA) chips). 

1 2{ , , , }i nb b b b=B                                                           (1) 

Assume calculation resource capacity of the BBU in the base band pool is collection C. 

1 2{ , , , }j mc c c c=C                                                           (2) 

BBU has two types of states, which are open and closed, and expressed by decision variable t
jω . 

When at time of T, 1=t
jω represents BBU is open, 0t

jω = represents the BBU is closed,

},,2,1{},,,2,1{ Ttmj  ∈∈ . Time-overhead exists at the time of BBU opening and closing, assume 

one time slot can only open (or close) one BBU.  

In this model, cellular networks composed of n communities are considered, RRU is located in the 

center of each cellular community, regardless of the interference between RRU, RRU can be 

expressed by collection R. It is shown below. 
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1 2{ , , , }i nr r r r=R                                                                 (3) 

Matrix t
mn×P can represent dynamic changes of projection between BBU and RRU, t

ijθ is decision 

variable in the matrix, at the time of T, ir  is projected to jb when 1t
ijθ = , while, 0=t

ijθ  is on the 

contrary, in this matrix, },,1{},,,1{},,,1{ Ttmjni  ∈∈∈ . 

11 12 1

21 22 2

1 2

t t t
m

t t t
t m
n m

t t t
n n nm

θ θ θ
θ θ θ

θ θ θ

×

 
 
 =
 
 
  

P





   



                                                   (4) 

In the model, users are randomly distributed in the community, at all time slots, number of users in 

every community can be represented by collection tU at time of t. User traffic approaches 

according to the current time slot, total traffics have a certain regularity (day-night variability). 

Computing resources of every user can be expressed by matrix t
t
n s×

K . The needed computing 

resources of user l of ir is obtained by t
ilk at time of t, in this matrix, , 0t

i lk ≥ ,

1 2max( , , , , , )t t t t t
i ns u u u u=   , {1, , }, {1, , }ti n l s∈ ∈  . 

1 2{ , , , , , }t t t t t
i nu u u u=U                                                            (5) 

11 12 1

21 22 2

1 2

t

t

t

t

t t t
s

t t t
t s
n s

t t t
n n ns

k k k
k k k

k k k

×

 
 
 =  
 
  

K





   



                                                    (6) 

Taking operation time of traffic into account, traffic of the same user may appear at continuous 

time slot. Assume the maximum delay that users can tolerate is D time-slots, if the traffic arrives 

at the current time slot and can not be conducted, then it will be delayed to the next one, if the 

extension one is D time-slots, it will be discarded. Therefore, the user's traffic has three states, first 

of all, the new traffic at the time slot tx ; second, the extension traffic )10( −≤≤′− Ddx dt  that can not 

be carried out before; the third, expired traffic )( Ddx dt ≥′′− , then traffic in the current time slot is

dtt xxy −′+= . 

Executing time of users can be represented by a matrix t
t
n s×

TIME , The needed processing time of 
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user l of ir is obtained by t
ile at time of t , 0t

ile ≥ , 1 2max( , , , , , )t t t t t
i ns u u u u=   , {1, , }, {1, , }ti n l s∈ ∈  . 
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                                                (7) 

Using the above model, at a time of t, the average resource utilization target function of BBU is 

1 1 1 1
/

m n s m
t t t

t il ij j j
j i l j

k w cη θ
= = = =

= ⋅ ⋅∑∑∑ ∑ , at each moment, average resource utilization of the BBU reaches 

the maximum when meeting restrictions. 

1

1max lim
T

tT tT
η

→∞
=
∑                                                                             (8) 

,
1 1

. . ,
n s

t t
i l ij j

i l
s t k c t jθ

= =

⋅ ≤ ∀ ∀∑∑                                             (9) 

1
1 ,

m
t
ij

j
i tθ

=

≤ ∀ ∀∑                                                      (10) 

1
1

m
t
j

j
w

=

≥∑                                                                       (11) 

 

Constraint (9) shows that computing resources of users should be smaller than its system capacity 

at any time slots on any BBU; the constraint (10) shows one RRU mostly can be projected to one 

BBU at any time slots; constraint (11) can ensure services of users (Service Level Agreement, 

SLA for short). 

This problem is equal to the number of the minimum BBU. 

 

1
min

m
t
j

j
z w

=

=∑                                                                          (12) 

,
1 1

. . ,
n s

t t
i l ij j

i l
s t k c t jθ

= =

⋅ ≤ ∀ ∀∑∑                                            (13) 

1
1 ,

m
t
ij

j
i tθ

=

≤ ∀ ∀∑                                                     (14) 
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{0,1} {0,1}t t
j ijw θ= =                                                      (15) 

 

The meaning of constraints (13) and (14) are similar to the above. 

 

C. Design of the base band resource allocation algorithm 

FFD (First Fit Descending) pre-distribution algorithm designing is proposed in this paper. First, 

1
t

nqueue × is task queue that needs to be conducted in one time slot, then it will be entered, according 

to the traffic of each RRU in 1
t

nqueue × , RRU should be conducted with descending order; second, 

all RRU that cannot establish projection with BBU are composed to a collection, t
mcapacity ×1 is the 

remaining resources matrix of BBU; the third, we check RRU to see if it has already established 

projection relationship successfully with BBU, then we should end the algorithm if it is, rather not, 

we should continue the algorithm. If computing resource demand of RRU at current time slot is 

less than remaining resources of BBU, which shows BBU and RRU have determined projection 

relationship, then we calculate remaining resources again in order to distribute it successfully, then 

it’s time for the next RRU to assign according to the third step; fourth, if computing resource 

demand of RRU at current time slot is greater than remaining resources of BBU, then the next 

BBU should be opened, assignment is the same with the third step until the end. 

Traffic distribution processing is designed, for traffic in waiting queue, a distribution variable flag 

is set up for RRU with the original value of zero, flag=1 shows that RRU was successfully 

allocated on the BBU, otherwise is not successful; the second step, check if BBU and RRU exist 

projection relationship according to the BBU-RRU projection matrix, if it exists, then flag=1, 

traffic in waiting queue will be transferred, the corresponding location in waiting queue will be 

wiped clean, if it does not exist, skip to next BBU and repeat the second step. Finally, the value of 

flag should be checked, if flag=0, then it will be delayed and transferred to a behind position in 

waiting queue, the corresponding position in waiting queue will be wiped, if there is also RRU 

without assignment, then we return to the first step or task delayed for D time slots in waiting 

queue will be transferred to dropping queue, the corresponding position in waiting queue will be 

wiped. 
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IV.CALCULATION AND ANALYSIS 

 

In this section, by Matlab simulation, specific performance of the method proposed in this paper can be 

verified. Matlab is launched by MathWorks software company, it is a set of software for numerical 

analysis and calculation, it contains matrix operations, numerical analysis, graphics, programming 

calculation and others, for its powerful function, the majority of users can use it as a practical tool in 

scientific and engineering problems, analysis calculation and programming utility, it is also a new 

generation of software development platform with all language features and characteristics.  

This paper uses its powerful data processing function and rich graphics to realize the research on the 

properties of resource allocation method. First, allocation algorithm is described with the Matlab 

language, and then program is written to simulate business of users, this program is as input allocation 

algorithm program, finally, the results of the distribution (like resource utilization, using numbers of 

BBU, executing business and discarded business, etc.) need to be compared and analyzed. 

A. The simulation parameters 

Wireless communication has obvious periodicity, for example, traffic during daytime is higher 

than the late-night. Assume the arrival traffic obeys a rule, we use a equation to explain the rule, it 

is described as follows. 

 

( ) ( ) ( )2 4sin sint A t t B t t C
T T
π πλ    ′ ′′= − + − +      

                                            (16) 

 

In the equation, T is the traffic period, t is the time slot, tt ′′′, are fixed values. According to the 

algorithm, in order to simulate easily, some parameters in the simulation are simplified while 

assuring the correctness of simulation. Execution time of traffic is randomly generated, which is 

not qualified in the simulation, parameters are shown in table 1. 

 

Table 1 simulation parameter 

name of parameter parameter value 

Simulation period T1(short) 288 

simulation period T2(long) 1440 
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capacity of BBU c              1000 

number of BBU m  28 

number of RRU n  28 

the maximum time delay 

business users can tolerate D  
3 

required computing resources of 

per user traffic k  
1 

The number of cycle 5 

t′  144 

t ′′  84 

 

B. Analysis of results  

a. Numbers of opening BBU changes following traffic analysis 

In figure 5, it is a normalized curve that shows the relationship between traffic arriving in every 

time slot and numbers of BBU opened in the corresponding time slot. From the overall trend, 

number of BBU increases with the increment of business traffic, and decreases with the decline of 

business traffic. Numbers of BBU in every time slot are highly relevant with business traffic, 

which shows that the proposed method can adjust opening numbers of BBU in real-time according 

to business traffic changing, so the goal of designing algorithm is achieved. Meanwhile, curve of 

numbers of BBU appears a ladder-shape, which shows that numbers of BBU changing are later 

than business traffic changing, this is because it takes time to open or close BBU( open or close 

one BBU needs a time slot in simulation), opening numbers of BBU may remain constantly at 

some time slots. When business traffic arrives, using the method put forward in this paper to 

calculate the best numbers of BBU at current time slot, then we take numbers of BBU at last time 

slot into account to decide the numbers at current time slot, then the traffic at current time slot  is 

distributed according to projection matrix. 
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Figure 5 normalized curve of traffic and numbers of BBU 

b. Average resource utilization of opening BBU analysis 

In figure 6, we make a resource utilization comparison between the base band resource allocation 

method put forward in this paper and traditional distribution mechanism, the traditional method is 

one by one projection in community. From the figure, the blue line represents base band resource 

distribution under C-RAN, the red line represents the traditional distribution mechanism. Average 

resource utilization of BBU marked in red at every time slot maintains at a high level (more than 

80% ), average resource utilization of BBU is low only when traffic is low, its value is close to 

50%; computing resource utilization in one by one projection distribution mechanism in 

traditional community (distributed community, D-RAN for short) changes along with traffic 

changing, computing resource utilization is high when traffic is high, this figure demonstrates that 

method put forward above can improve the base band resource utilization effectively. In the 

figure, there are about 1300 time slots when base band computing resource utilization is 

significantly lower than the average level, by checking the simulation data, only one BBU is 

opened. This is consistent with the theoretical analysis, in order to ensure service levels of 

customer (SLA), at least one BBU should be opened. 
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Figure6 resource utilization comparison curve 

C. Operating and discard traffic analysis 

Figure 7 represents operating and discarded business traffic analysis. Due to time-overhead during 

BBU opening when traffic is in rise stage, current time slot has no capacity to open enough 

numbers of BBU to process current traffic, and it cannot operate all traffics, which means a part of 

traffics will be delayed to the next time slot, if traffic of users can not finish operation in time of 

maximum delay when taking maximum delay that users can tolerance into account (set for 3 time 

slots in simulation), then it will be discarded. As can be seen from the diagram, only one or two 

time slots are discarded, this influence is very small in huge traffic system. In conclusion, the 

proposed distribution method can guarantee the quality of communication. 
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Figure 7 operating and discarding traffic normalized curves 
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D. Analysis of energy consumption 

Figure 8 shows a histogram that represents the energy conservation, the BBU is all open in 

traditional community architecture. In simulation, assume consumption of electric is a constant 

during BBU opening in the paper, and it is not related to the processing traffic, unopened BBU 

does not consume electricity. Using the ratio of opening numbers of BBU at every time slot and 

the total numbers of BBU, energy consumption as percentage of energy consumption before 

resource allocation can be expressed by that ratio approximately, to some extent, it can illustrate 

the effectiveness of this method because this percentage is related to the capacity of the system, in 

this article, the system capacity is greater than the maximum traffic. From figure 1, the maximum 

resource utilization is 40% when the system is busy, therefore, the percentages calculated by this 

method may vary with the capacity of the system, this method can effectively save energy, with its 

low-difficulty calculation and low complexity, which indicates its feasibility. 
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Figure 8  energy consumption comparison of C-RAN and D-RAN 

In order to further illustrate this method on reducing energy consumption, three typical time slots 

are chosen in the following figure, which are at peak(time slot is 286), at the second peak(time slot 

is 950) and the average level(time slot is 750), figure 9 shows each of their energy consumption. 
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Figure 9 energy consumption contrasts of the three typical time slots 

 

 

V.  CONCLUSIONS 

 

How to use the base band resource effectively and improve resource utilization become a hot 

research topic nowadays. C-RAN is a new access network architecture, this paper focuses on the 

base band resource allocation problem, introduces C-RAN technology. Mathematical model is set 

up. Combined with the C-RAN method, related algorithm steps are designed. The base band 

resource allocation method is described systematically in this paper, according to the scene 

proposed, base band resource is distributed properly taking heuristic order-decreasing first-fit 

algorithm as the pre-allocation algorithm into account. In order to understand simply, the 

algorithm steps are explained. Through simulation, four parts are analyzed, they are opening 

numbers of BBU changing rule, the average resource utilization, operating and discard traffic and 

energy consumption are assessed. In conclusion, the method proposed has characteristics of low 

complexity, performance stability, low packet lost and power consumption, while ensuring the 

quality of communication, it provides theoretical basis and practical design factors for the 

utilization of resources. 
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