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Abstract—Cloud radio-access networks (C-RAN) have been
proposed as an enabling technology for keeping up with the
requirements of next-generation wireless networks. Most ex-
isting works on C-RAN consider the uplink or the downlink
separately. However, designing the uplink and the downlink
jointly may bring additional advantages, especially if message
source-destination information is taken into account. In this
paper, this idea is demonstrated by considering pairwise message
exchange between users in a C-RAN. A multi-pair two-way
transmission scheme is proposed which targets maximizing the
end-to-end user data rates. The achievable rate of this scheme
is derived, optimized, and evaluated numerically. Results reveal
that significant end-to-end rate improvement can be achieved
using the proposed scheme compared to existing schemes.

Index Terms—C-RAN; Compress-and-forward; Compute-and-
forward; Reverse quantized-compute-and-forward.

I. INTRODUCTION

The cloud radio-access network (C-RAN) architecture is
one of the methods that enhance communication capabilities
towards meeting the critical requirements of next-generation
wireless networks. However,the performance of a C-RAN is
constrained by the limited capacity of fronthaul links that
connect RRHs with the baseband processing unit (BBU)
pool. This puts a constraint on the amount of information
that can be exchanged between RRHs and the BBU pool.
Therefore, advanced signal processing and relaying techniques
are required in both uplink and downlink in order to make
efficient use of the fronthaul links [1]]. This has been the topic
of many studies recently as discussed next.

In the uplink, multiple users transmit their codewords to
the RRHs. Different relaying strategies can be used to relay
information from RRHs to the BBU pool, such as decode-
and-forward (DF) [2], compute-and-forward (CoF) [3]], and
compress-and-forward (CF) [4]]. CoF is better than the CF
under small fronthaul capacity values. However, the average
performance of CF is better at moderate and high fronthaul
capacities [2[], [5], [6]. In the downlink, transmission strate-
gies that enable cooperation between RRHs include data-
sharing strategies [7]], [8|], compression based strategies [2],
[9], reverse compute-and-forward (RCoF) [10]], and reverse
quantized-compute-and-forward (RQCoF) [11]]. Since the ex-
act characterization of the downlink C-RAN capacity is still
an open problem, most works optimize the schemes using
uplink-downlink duality to achieve downlink rates greater than
or equal to the uplink rates [12], [[13].

Note that all aforementioned works study either the uplink
or the downlink, separately. This may incur performance loss,
especially in scenarios where intra-cloud message exchange
is desired. This paper demonstrates this idea via studying a
C-RAN with intra-cloud pairwise communication. Such a sce-
nario can occur in video conferencing or gaming applications
for instance. A multi-pair two-way transmission scheme is
proposed to maximize the end-to-end achievable rate. Using
a lattice-based compression strategy, RRHs compress their
observations and forward them to the BBU pool, which in turn
computes integer linear combinations of codeword-pairs. This
reduces the required number of computation steps at the BBU
pool, thereby reducing the number of rate constraints. The
BBU pool compresses the linear combinations and forwards
them to the RRHs, which decompress the signals and transmit
them to the users. Finally, users decode their desired message
using their own messages as side information. The achievable
rate of the scheme is derived, optimized, and evaluated nu-
merically, showing superior performance to existing schemes
in the literature.

In the sequel, the following notations will be used. Column
vectors and matrices are donated by boldface lowercase and
uppercase letters, such as x and X, respectively. The transpose
of matrix X is donated by X T. All the logarithms are to the
base 2, and log™ (x) = max(0, log(z)).

II. SYSTEM MODEL

We consider a C-RAN consisting of M single-antenna user
pairs (K = 2M users), L single-antenna RRHSEI and a central
processor (BBU pool). Each RRH ¢ € {1,...,L}, is con-
nected to the BBU pool via a digital noiseless fronthaul link
with a limited capacity Cy. User pairs wish to communicate
with each other using the C-RAN architecture. In other words,
users k,k € {1,....,K}, k # K, exchange messages with
each other. As a result, a pairing matrix W with dimensions
of M x K is defined, where w,, ; € {0,1} is a user-pair
association indicator, i.e., wy, ; = 1 if user k belongs to pair
m, and w,,; = 0 otherwise. Note that Zi\,{:l W = 1
for all k. The message exchange among the user-pairs is
completed in two stages over n channel uses each, an uplink
phase and a downlink phaseE]

IThis work can be extended to deal with MIMO systems.
2We assume that the uplink and downlink occur over the same frequency
band using a half-duplex fashion



In the uplink, user k € {1,..., K} encodes its message g,
with rate Ry into a codeword a:“l € R” and sends it to the
RRHs. This signal is subject to a power constraint P“l. Note
that we consider a real-valued transmission model for the sake
of simplicity, bearing in mind that a complex-valued model
can be addressed using the real-valued vector representation.
The received signal at the RRHs is given by

Yul _ Hulxul + Zul (1)

where Y = [y# ... y¥T, y# € R™ is the received
signal at RRH ¢, H* ¢ RE*X js the uplink channel gain
matrix between all users and RRHs, X% = [z ... z¥|T,
and Z* ¢ REX" is additive white Gaussian noise with
independent and identically distributed (i.i.d.) components
with zero mean and unit variance N'(0,1). We assume that
channels are Rayleigh fading and remain fixed across the
transmission of a complete codeword (block fading). RRH
¢ e {1,...,L} processes the signal y“l into a message e“l
and sends thlS message to the BBU pool using the fronthaul
link.

The downlink is described as follows. First, the BBU pro-
cesses the received messages from all RRHs, then constructs
messages el, ¢ € {1,...,L}, and sends el to RRH /
in the downlink using the fronthaul links. The RRH then
processes eel to construct a transmit signal a:@” e R™ with
power constraint pdl < Pdl for transmission to the users. The
received signals at users can be written in a matrix form as

Ydl _ Hdlxdl + Zdl, (2)

where Y4 = [y ... y#]T, HY € REXL is the downlink

channel gain matrix between all RRHs and users, X —
[, ..., 2% T, and Z¥ € RE*" is additive white Gaussian
noise with i.i.d A(0,1) components. Note that we assume
channel reciprocity, i.e., H¥ = H“'T. Finally, each user uses
its received signal in combination with its own message to
decode the message of the paired user.

The goal is to design an uplink/downlink transmission
scheme which takes this user pairing into account, and to
derive its achievable rate. This is discussed in the following
sections which discuss the uplink phase and the downlink
phase, respectively.

III. UPLINK TRANSMISSION
A. Encoding at the users

Using nested lattice coding [3]], the lattice chain A, C
Ak € ... C Ap, is generated, consisting of n-dimensional
lattices. The coarse lattice A. is chosen to be good for
channel coding and quantization simultaneously, whereas the
fine lattices Ay, ,k € {1,2,..., K} are good for quantiza-
tion only. User k generates its nested lattice codebook as
Ci = {Aj, Nwa,}, where vy, is the fundamental Voronoi
region of the coarse lattice. Using a one -to-one mapping, it
maps its message g, into a lattice point s}/ Le C“l To make the
transmitted signal independent on the lattlce point, a random
dither ¥, uniformly distributed over v, and known to all

nodes in the network, is added. The result is then reduced
using a modulo-lattice operation with respect to A.. This leads
to the signal

ul = (s¥ + ) mod A, (3)

which is then scaled by b%, and transmitted (i.e., az%l =

bilu) to the RRHs. The transmitted signals from all
users can be written as X! BYU", where BY =
diag(b¥,...,b¥) is a K x K scaling matrix and U% =
[ut, .. u}gl] is the dithered codewords matrix. The uplink
power constraint per user can be met by selecting the coarse
lattice A, with second moment 02(A.) = p*! and assigning
proper scaling value b}, so that L E[[|z}||?] = (bi)%p* <
Py,

B. Compression at the RRHs

The received signal yi! at RRH / is processed as follows.
Given a lattice chain A.; C . CACL C AJL C. CAf 1
RRH /¢ generates its codebook as k" = {AyeNvg_,} with

rate equal to its fronthaul capacity C. The coarse lattice AM
is good for channel coding and quantization simultaneously,
thereby the probability of error can be neglected. In addition,
the fine lattice A t,¢ must be good for quantization in order to
be able to find a precise relationship between the quantization
rates and distortion levels [14]]. Then, the ¢th RRH adds a
random dither vector £, uniformly distributed over VR,
to its observation to make the quantization error independent
of the received signal y}”. Moreover, using its generated
codebook f@'}”, the ¢th RRH compresses its dithered observed
signal using a lattice-based vector quantization as follows

mz@&ﬂ%+WﬂMﬂ&m @)

Then, RRH ¢ maps 3 l to an index e} Le {1,. 2”04}, and
forwards it to the BBU pool via its fronthaul link.

C. Decompression at the BBU pool

Once the BBU pool receives the indices elfl,.. e%l, it
recovers G, ..., 4%, then subtracts the dithers, and reduces
the result using the modulo-lattice operation with respect to
Ay as

gy’ = [§¢" — ty'] mod A .
@) [y# 4 '] mod A = [57] mod A

—

where (a) is obtained from the distributive law of the modulo-
lattice operation, g% = —[y% + t¥] mod ]Xf?g is the com-
pression distortion which is independent of y}' ! and uniformly
distributed over vy . and g =y + qf ul . After that, the
BBU pool proceeds to decode L integer linear combinations
v, ... vk as in [5], by exploiting the correlation between
the received signals at all RRHs, where

Za’! zéyé

ie{1,...,L}, a}f’i’e € Z is an integer coefficient, and (b)

is obtained with high probability (w.h.p.) if /N\C,i is good for

0y &
mod A ; =Zame (6)
=1



channel coding and 2 E[||v[?] < 0?(A.,;) [14]. We write
(6) in a matrix form as V¥ = A}le“l, where A% isa L x L
full-rank integer coefficient matrix with full rank sub-matrices
Avty for i€ {1,...,L} and Y = [g1,. .. g}']"
The integer coefficients can be selected to maximize the
computation rate constraint, which allows us to increase the
compression rate and decrease the compression distortion.
The compression rate at the {th RRH can be expressed as

Rr = 7)
1 N a;fl['l' (I_Iul]3ul1:)ul]3ulT Hul + I + Dul) ul
3 log : dul

where R%, < Cy, a®," is the (th row of AY, Pul = pulI,

isa K X 7K dlagonal matrix, Iy, is a L x L identity matrlx,
D" is a L x L uplink compression distortion effective
covariance matrix whose diagonal elements are equal to
d =[d¥, ..., ﬂzl]T, and dy! is the distortion power level of

the fine lattice Ay, at RRH /.
By multiplying V' by the inverse of the integer coefficient

matrix A}flmv, the BBU pool can recover
Yul — HulXul + Zul + Qul 8)
where Q¥ = [, ..., q¥]"

D. Multi-pair computation at the BBU pool

The BBU pool proceeds to decode M integer linear com-
binations of user-pairs’ codewords (instead of decoding K
integer linear equations of users’ individual codewords as in
[5]), to obtain

K
vdj = [Z aw im [Z wm’ksle mod A, 9)

where j € {1,..., M} and aw]m € Z is an integer coef-
ficient. Computlng M combinations instead of K decreases
the number of constraints on the computation rate, which
improves performance. Note that (9 can be rewritten in matrix
form as V' = [AWS*] mod A, where A is an M x M
integer coefficient matrix with a rank of M = K/2, and
Sul = [s¥,... s%]T. This decoding can be done by linearly
processing YUl with a scaling equalizer p%!, removing the
dither t}:l , and reducing the result modulo A, as

K
p}”TY“l - Zt}jl] mod A,

k=1
— [ ulTHulBulSul +p?lT(ZUZ

[a;ljwsul +24 ;] mod A,
——

ul
My =

+ Q“l)] mod A,
(10)
desired signal

from which the BBU pool computes [a “leWS“l] mod A,
where 2% . = (p4!THYBY — ulTW)Sul + puT(Zm 4

QW) is the effective noise with power O'J 21 IE[Hzef_lr y |2

ul? ulpu u ul\5
;" = l(pj' TH"'B" — ayl] W) (P l)2|| +

pq;lT(IL + Dul)p}l.l

Y

In order to minimize the effective variance in (TI), p*
chosen as the MMSE scaling equalizer given by

U u U U ulpu u uly 1
leT leTWP lH lT(H lP lH T +IL +D l)

(12)

By substituting the MMSE solution into (TI) and applyin§

the matrix inversion lemma, the effective noise power JU’l
can be rewritten as

o = a TWFYFY T IW ¥,

J = ||FUZWTa¢gH (13)

where le is the Cholesky decomposition satisfying
leleT — (Pul71 + HulT(IL + Dul)leul)fl

Let user k£ belong to pair my, i.e., wp, , = 1. Then, the
achievable uplink computation rate for user k can be expressed

as
pul
R“l min log 5 |, (14)
36{1 LM} 2 ol
aw,_y,mk?fo J
where 0}”2 is given by (I3). Instead of recovering the original

messages as in [5], the BBU compresses the previously
computed equations directly and forwards them to the RRHs
through the fronthaul links as described next.
IV. DOWNLINK TRANSMISSION

The basic idea of the downlink is to employ a reverse-
quantized-compute-and-forward scheme [11].
A. Compression at the BBU pool

At first, the BBU pool uses the beamforming matrix B%
with dimensions L x M to produce

Sdl — Bdl Vzl — Bdl[A:ZlWSul] mOd Ac (15)
[s, ...,

where S¥ = [s 54T, In order to enable each RRH to
extract its desired quantized signal, the BBU pool pre-inverts

the S% with A%, as follows
Aglznusdl (16)
where V& = [vfl, .. ] and A%, s the inverse of the

L x L full rank integer coefﬁ01ent matrix Afl. Then, the BBU
pool uses a lattice chain /A\CJ c..cC /A\C,L C Af, where the
coarse lattices and the fine lattice have the same properties as
mentioned in the user encoding step. Next, the BBU pool adds
a random dither matrix T# = [£9, ... %] to V¥ which
is uniformly distributed over v As The dithered output is then
quantized as

Vil =Q;, (VI +T%) (17)

where ()3 . is applied to each row of the dithered matrix
separately. The BBU pool proceeds to generate integer linear
combinations V& = A4V and performs the modulo-lattice
operation with respect to Aw, i€{1,...,L} to each ith row
in Vfl to obtain

ol = [aTV] mod A,
diT di di A (18)
= (a7 Qs (Vi +T)] mod A



Finally, the BBU pool maps its compressed linear equation
2% to an index e € {1,...,2"%}, and forwards it to the
zth RRH.

B. Decompression at the RRHs

Once the /th RRH receives the index e;”, it recovers 'Bf}z,
then subtracts the dither T, and reduces the result using the
modulo-lattice operation with respect to A, to obtain

dl __ | ~dl dIT ndl A
:Ug = |:'UT€ —Qry T mod Ac,é

_ { le(le T4 4+ QY1) — @ T%| mod A,
© sAT 4 gl,;r di (19)

where Q¥ = [g¥,...,q%]" is the downlink compression
distortion with a L x L effective covariance matrix D% whose
diagonal elements is equal to diag(d{’, ..., df"), and (c) is
obtained w.h.p. if 2 E[[|zf|?] < 0%(A.¢). The downlink
compression rate at RRH { is given by

blePulbdl+aleDdl f«l,lg
i (20)

1
dl +
Rr, = 5 log
where R¥, < Cyand P} = p! Tp is M x M diagonal power
matrix whose diagonal elements are equal to p*!. Finally, after
the /th RRH recovers its desired signal, it broadcasts a:‘g” c R"”
to the users with power

dl A&

leDdl
7‘ L

1
B[] = b TRy + sl < P

(2D
C. Decoding at the users

The received signals at all the users can be written in a
matrix form as

Ydl — H(il (Ble’Zl + Angdl) + Zdl. (22)

The kth user scales its received signal y{' by a linear scaling
P& and reduces the result modulo A, as follows

/J’ [pdlyul] mod A,
— [ dlhdl(Bleul —|—Adedl) +p?€“zgl] mod A,

=[af,V§ +2% ;] mod A, (23)

intended signal

where zdflf . 18 the effective noise glven by (p dlhdlel —

afl YV + pl (R ARQM + 2, af . is the kth row of
A l, a matrix with dimensions of K x M and rank of M,
A WTAZZW, A%lznv is the inverse of AZZ matrix, hk
is the kth row of HY, v} = [ad , V] mod A, is the kth
user’s intended signal that includes the sum of the codewords
of the user-pair k, k' € {1,..., K}, k # k'. The power of the
effective noise zg{fn & 18 given by

d1271 2
ol = — 2tk

k (24)

1 2
BB — ) (PY)2)
ol (n ASDIAL B 4 1)

= (ot

This effective variance can be minimized by obtaining the
MMSE coefficient for the linear scaling equalizer p¢' as

dl puldlTpdT
ar_ ay Py BT hi
Py = RIT(AZDAALNT + BAPYBAT )RiT 4 1

(25)

Finally, user k decodes [aw kV“l] mod A., and uses its
own codeword [s¥] mod A, as side information to recover
its desired codeword [s4] mod A, as follows

Sdesired,k = an kV ] mod A - Sul} mod Ac
[aw A“lwsul s mod A,
= Z wm,k(z W u82) — 8| mod A,
m=1 u=1
= [si + s“,l — s mod A,
=[s}/] mod A. (26)

Using this procedure, user k downlink rate is given by

o)1)

At this point, we can summarize the end-to-end achievable
rate of the proposed scheme as given next.

Theorem 1: The end-to-end data rate of user k£ achieved by
the proposed scheme is given by

Ry, = m1n{R¢ o B dl },

Rd{ = 1og (p" 27

(28)

where Ry, and R{, are given in @]) and (27), respectively.
Proof: ThlS statement follows since the achlevable end-to-end
rate is bound by the smallest between the uplink rate and the
downlink rate.

V. END-TO-END USER-RATE OPTIMIZATION

In this section, we propose an iterative multi-pair two-way
rate optimization (MPTWR) algorithm to optimize the end-to-
end rate in (28). The algorithm is carried in two steps, where
the uplink and downlink user-rates are optimized iteratively.

A. Uplink Rate Optimization

Given H¥, P“ and P,:‘l, k € {1,..., K}, the achievable
uplink rate Rfﬁk can be optimized by assigning appropri-
ate scaling matrix B", selecting proper full rank integer
coefficient matrices A% and AY', and selecting the uplink
compression distortion covariance matrix D* to satisfy the
fronthaul capacity constraint. The uplink optimization problem
can be formulated as follows

K
max RY
A;flyDul7Aulk . Y.k
subject to  (b¥))?p" < PM YV k€ {1,2,...,K}
rank(A") = L, rank(A}Zl) =M

RY, <CyVee{l,2,...,L} (29)

This optimization problem is a mixed-integer non-linear pro-
gramming (MINLP) which is NP-hard problem. Therefore,
we can solve by decoupling it into two separate steps



Algorithm 1 Iterative uplink optimization (IUO)
= d% = ¢ (large)

Initialization Set dmin = 0 and dax
such that R < Cy VA

2: while man(Oz RT) ) > € or maxz(Rﬁfg — ) > 0do
3 if man(R;‘fe — Cp) > 0 then

4 drnin = dul

5: else

6: Amax = dv

7 end if

8 dul (dmax + dmm)/2

9 Fu = Chol(LHYPUH"  +1,(L +1))

0 AU — LLL(F)

n: R = Log"([Fyal|”)

12: end while

13: Fu! = Chol((P*~ +
14: A“l LLL(FulWT)
15: Calculate U“’ using (I3) V m € {1 M}

16: Calculate rlf [Ry,. ..,Rw)K using (T4).
17: return (D", Au Ayl vyl

_ —1
HulT(IL+Dul) 1Hul) )

and iterating over them. At first, for a fixed scaling matrix
B%, we start by selecting the proper integer coefficient
matrices A and A/, This process is related to the Short-
est Independent Vector Problem (SIVP) which is NP-hard.
However, sub-optimal solutions can be obtained using the
LLL algorithm [15]. For the sake of simplicity, it is assumed
that all RRHs choose equal distortion levels, i.e., d4 = d*,
¢ € {1,2,...,L}. To maximize the uplink rates, we start
by initializing d“l to two extreme values and then calculate
the corresponding A“' using the LLL algorithm on F%
which is the Cholesky decomposnion satisfying FUFYT =
7 H“lB“lP“lB“lTH“lT +11 (5 +1). Next, we update d*
using bisection until ( is satisfied with equality. Finally,
we use the obtained d“l to calculate A“l using the LLL
algorithm on F“l defined after (I3)). This is explained in detail
in Algorithm 1

Second, under the assignment of D%, A% and A;l matri-
ces, the algorithm solves to find the appropriate precoding ma-
trix B* using the barrier method which is a standard method
to solve optimization problems with inequality constraints [[16]]
as shown in Algorithm 2. Finally, the algorithm iterate over
the two sub-steps until convergence occurs. The results of this
algorithm will be used as inputs to optimize the achievable
downlink user-rate.

B. Downlink Rate Optimization

The aim of this step is to obtain an achievable downlink
user-rate greater or equal to the achievable one in the uplink,

ie., Rl > RzZ i~ Given the downlink channel matrix
HY = H“lT the downlink powers P, ¢ = 1,..., L, and the

outputs of the uplink optimization algorithm, the achievable
downlink user-rate Rfﬁ « should be tuned by selecting proper
integer coefficient matrix A%, beamforming matrix B%, and

Algorithm 2 Updating the Precoding Matrix B* Algorithm

1: Set & = #(©) > 0, and solve the barrier problem using
newton method to get B = B (6).

2: For barrier parameter 7 > 1 and v = 1,23, ..., repeat
Solve barrier problem at # = 6(?) using newton method

initialized at 00~V to produce B’ = Bu*(9).
Stopping criteria at K + L/0 < €

5. Else, increase 6 := nf

return (B*)

W

e

=)

Algorithm 3 Iterative downlink optimization (IDO)

I: Initialization set HY = H«' LA = AU cd =
cu’, and rd = [RY ... R 1" = Ogxr.

2: while Z |R{' — RY!,| > e or man( d— P&y > 0 do

3 Set (5 = 0, initialize B = L x M matrix of i.i.d.
N(0,1), and Ty = L.

4: while termination condition for BFGS method do

5: Compute line search @5 = fl"(;Vfun(Bg”), and
step length ~s > 0.

6: Calculate B, | = Bf' —l—%@g and d¥ = Ccd ¢4

7: Calculate p!, p,C , and r [Rill, ceey Rfff}K]T
using (Z1)), 23)), and 7] respectively

8: Calculate 85 = Bg”H - B¢,

: Calculate Q5 = Vfun(Bng) — Vfun(Bg”).

10: Update I's using B35 and €25 as in [17].

11: Set 6§ =4+ 1.

12: end while

13: end while
14: return (r¢ rw)

downlink compression distortion covariance matrix D%. One
way to formulate this problem is as follows
K
ae TP g% o= R’
subject to  pi' < P,

(30)
, and R <Cy VY

To simplify this problem we choose A;ﬁ” = AT, Then,
we obtain B? that minimize (30) using the BFGS Quasi-
Newton algorithm with a cubic line search procedure [[17]] and
calculate the downlink distortion levels d¥ = [d{, .. ddl]
using (20). The line search in the BFGS algorithm must
satisfy the Wolfe conditions in order to ensure sufficient step
length taken in each search direction. Finally, the optimal B
matrix is obtained when the partial derivatives of B¥ are
sufficiently too small [17]. If the constraints in (30) are not
satisfied, we update the initial value of B%, and repeat until
the constraints are satisfied. The details of this procedure are
given in Algorithm 2.

VI. NUMERICAL RESULTS

In this section, the proposed MPTWR optimization scheme
is evaluated and compared to the conventional integer-forcing
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Fig. 2. End-to-End sum rate versus Cy in bits/transmission at SNR = 35 dB.

source and channel coding (IFSC+IFCC) scheme [13|] and
the rate adaptive integer-forcing source and channel coding
scheme (RAIFSC+IFCC) [18] under the fronthaul capacity
constraint per each RRH. We also compare with optimized
Wyner-Ziv (WZA+IFCC) and single-user (SU+IFCC) compres-
sion schemes with integer-forcing channel coding. We use
5000 realizations of the L x K channel matrix H = H% =
H?" | where each element he is .i.d N(0,1). We set L = 2
RRHs, K = 4 users (M = 2 user-pairs). It is assumed
that the coding power of the coarse lattice A. is equal to
p“l = %, where SNR is the signal-to-noise ratio in dB.
Also, the capacities of the fronthaul links are assumed to be
equal, i.e., C7 = Ch.

Fig. [ and [2] show the total achievable end-to-end rate of
our proposed scheme and conventional ones in bits/sec/Hz
versus SNR at C'y, = 4 bits/transmission and different fronthaul
link capacity values at SNR of 35 dB, respectively. These
figures demonstrate that our proposed scheme has a superior
performance over other conventional approaches. This is due
to the exploitation of the multi-pair lattice-based computation
strategy that reduces the number of decoded linear combina-
tions at the BBU pool to 2 equations instead of the 4 equations
required by other IF schemes. In addition, the performance of
the RAIFSC+IFCC scheme is nearly the same as that in the
optimized WZ scheme, while the performance of IFSC+IFCC
scheme is close to them. Further, the optimized SU has the
poorest performance as usual because the correlation between
the received signals at all RRHs is not exploited.

VII. CONCLUSION

We proposed a multi-pair two-way user-rate optimization
scheme for intra C-RAN communications, where users inside
the network are grouped into communicating pairs. We used
a multi-pair lattice-based computation strategy, where the
BBU pool decodes integer linear combinations of paired
users’ codewords instead of decoding linear combinations of
individual codewords. This reduces the required number of
computation steps at the BBU pool, thereby reducing the
number of rate constraints. In addition, instead of recovering
the original messages as common in the BBU pool, the
previously computed equations are compressed directly and
forwarded to the RRHs through the fronthaul links. The
scheme achieves significant improvement in the end-to-end
rate compared to existing schemes.
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