Opportunistic Relay Selection Based on Interference Nulling infikhe N x K Channel
With Interfering Relays

Won-Yong Shid, Hyun Jong Yan$, and Bang Chul Jurig
!Mobile Systems Engineering, Dankook University, Yongin 448-701, Republic of Korea
2Mobile and Wireless Group, Broadcom Corporation, Sunnyvale, CA 94086 USA
3Department of ICE, Gyeongsang National University, Tongyeong 650-160, Republic of Korea
Email: wyshin@dankook.ac.kr; hjyang@kaist.ac.kr; bcjung@gnu.ac.kr

I. INTRODUCTION relay node toggles between the transmit and listen modes for
Recent and emerging work has studi&ftuser two-hop alternate time slots of message transmission of the sources.

relay-aided interference channels, consisting /6fsource-  Now, let us turn to channel modeling. L&}, Dy, andR;
destination (S—D) pairs ani¥ helping relay nodes located indenote the:-th source, the corresponding destination, and the
the path between S—D pairs, termed fiie< N x K channel. @-th relay node, respectively, whefec {1,---, K} andi €
Several achievability schemes (e.g., [1]) have been known for. -~ ;N }. All the channels are assumed to be Rayleigh,
the network, but a detailed understanding is still in progredtaving zero-mean and unit variance, and to be independent
In [1], however, the system model under consideration assun@goss different, k, n, and hop index.
that there is no interfering signal between relays and the relays
are full-duplex.

In this extended abstract, we study thex NV x K channel A. ORS-IN in thek x N x K Channel With Interfering Relays
with interfering relays and introduce aspportunistic relay

selection based on interference nulling (ORS-IN) protdhat . .y
. : . among N candidates are opportunistically selected for data
achieves full degrees-of-freedom (DoF) with comparative L ) .
. . . rwarding in the sense of having a sufficiently small amount
easy implementation under the channel model. This wor

thus focues on théd x N x K channel with one additional ° interference level. -
: . ) Suppose thatr; (k) and m2(k) denote the indices of two

assumption thadv half-duplex relays interfere with each other N : :

o : ) lays communicating with theth S-D pair for k €
which is a more feasible scenario. The scheme adopts the . o .

. . . . . L .-+, K}. Inthis case, the specific steps of each node during
notion of multiuser diversity gain for performing interferenc . i

one block are described as follows:

management over two hops. In our scheme, the scheduling” ~ ] o
strategy is presented in time-division duplexing two-hop en-* Time slot 1: Sources transmit their first encoded
vironments with time-invariant channel coefficients, where Symbols. A set of k' selected relay nodesll; =
a subset of relays is opportunistically selected in terms of {7m1(1),---,m(K)}, operating in receive mode at each
producing the minimum total interference level. To improve  0dd time slot, listens to the symbols. OthEr— K relay
spectral efficiency, the alternate relaying protocol in [2] is n_odes and destinations remain |d_Ie. .
employed with a modification. As our main result, it turns out * Time slot 2: Thek sources transmit their second encoded
that in a high signal-to-noise ratio (SNR) regime, the ORS- Symbols. Thek relays in the sefll, forward their
IN protocol with alternate half-duplex relaying still achieves first re-encoded symbols to the corresponditigdesti-
the min-cut upper bound of¢ DoF even in the presence  nations. Another set of" selected relay nodedl, =
of inter-relay interference, provided a certain relay scaling {m2(1),--,m(K)}, operating in receive mode at each
condition is satisfied. Numerical evaluation also indicates that €Vven time slot, listens to and decodes the second symbols
the ORS-IN scheme has higher sum-rates than those of the While being interfered with byR (1), -, Rr, (k). The
other relay selection methods at finite SNR regimes. Detailed X destinations receive fronR., ), -, Rx, (k) and
descriptions are omitted due to the space limitation of this decode the first symbols. The remaining— 2K relays

extended abstract. keep idle. . o
o Time slot 3: The K sources transmit their third en-

Il. SYSTEM AND CHANNEL MODELS coded symbols. TheK relays my(1),--- ,m(K) for-

Suppose that each source transmits its own message to the ward their re-encoded symbols to the corresponding
corresponding destination only through oneléfrelays, and destinations. AnothelX relays inII; receive and de-
thus there is no direct path between an S-D pair. Each relay code the third symbols while being interfered with by
node is assumed to fully decode, re-encode, and retransmit R, -, R, (k). The K destinations receive from
the source message i.e., decode-and-forward protocol is taken R, (1), - - - , R, (k) and decode the second symbols. The
into account. Unlike the work in [1]N relays are assumed to remaining N — 2K relays keep idle.
interfere with each other. With alternate relaying, each selected The processes in time slots 2 and 3 are repeated.

I[Il. ACHIEVABILITY RESULT

We introduce an ORS-IN protocol, whepd( relay nodes



—— Random selection

Now, let us describe how to choose two types of relay sets,
II; andII, amongN relay nodes. ey

1) Step 1 (The First Relay Set Selectiohgt us first focus
on selecting the sefl; = {m(1),---,m(K)}, operating
in receive and transmit modes in odd and even time slots,
respectively. WherRR; is assumed to serve thigh S-D pair
(Sk, Dy), it computes the scheduling metrfct-yk, defined as
(i) the sum of interference power received7at for the first
hop plus (ii) the sum of interference power generatingRat
for the second hop. Fig. 1. The sum-rates versug when K = 3, SNR= 20dB, and INR; =
According to the computed metrick; ;, a timer-based 3098
method is used for relay selection. At the beginning of
every scheduling period, the relay; computes the set of
K scheduling metrics{L; 1,--- , L; x}, and then starts its
own timer with K initial values, which are proportional to
the K metrics. Thus, there exis¥ K metrics over the whole
relay nodes, and we need to compare them so as to deternBnelhe Analysis of Achievable DoF

who will be selected. The timer of the reldy ;) with the  ysing the scaling argument bridging between the number of
least oneL, i i @mongN K metrics will expire first, where relays,N, and the received SNR [3], we analyze the achievable
m(k) € {1,---,N} andk € {1,---,K}. The relay then DoF of the K x N x K channel with interfering relays and
transmits a short duration RTS (Request to Send) messdg€, MinimumX\ required to guarantee the achievabili'Fy result.
signaling its presence, to the othat — 1 relays. Thereafter, ~Theorem 1:Suppose that the ORS-IN scheme with alter-
the relay R_ ;, is first selected to forward théth S—D nhate relaying is used for thé& x N x K channel with

: A in i interfering rel hen, the total ]
pair's packet. All the other relays are in listen mode whiltterfering relays. Then, the total DoF are boundedibyf N
waiting for their timer to be set to zero (i.e., to expire)scales faster than SNR~2 and the number of transmission
At the stage of deciding who will send the second RTSymbols in one block is sufficiently large.
message, it is assumed that the other relays are not allowed IV. NUMERICAL EVALUATION
to communicate with théith S-D pair, and thus the asso-
C|ated. metncs{L_L,;,-n ,Lm(,;)_lz,;?Lm(,;)Hj__,-~- ,LN’,;}
are discarded with respect to timer operation. When su
K RTS messages are sent out in consecutive oider,=

Sum-Rates (bits/s/Hz)

selection terminates wheR RTS messages are sent out in
consecutive order. Therdy relay nodes having a sufficiently
small amount ofZ, ;, are selected as the second relayHst

For comparison, two baseline relay selection schemes are
EBOWH: 1) a random relay selection scheme and 2) a max-

iIn SNR scheme that is well-suited for relay-aided systems
) . ._if interfering links are absent. Alternate relaying is also used
{Rmi (1), Rey} IS chosen, the timer-based algorithng, - - o? the compared schemes. Figurg 1 illustrates the
for the first relay set selection terminates. achievable sum-rates versus when X — 3. SNR —

2) Step 2 (The Second Relay Set SelectioMgw let Us 9gdp and INRx = 30dB, where INR denotes the inter-
turn to choosing the set ok” relay nodes (amon@V — K rg|ay interference-to-noise ratio (INR). For the max-min SNR
candidates)IT; = {m2(1),--- , m2(K)}, operating in receive scheme, the desired channel gain growsvascreases while
and transmit modes in even and odd time slots, respectivglye interference level remains the same. In consequence, it is
Using K" RTS messages broadcasted fromiheelay nodes in seen that the rate of increase in the sum-rates of the ORS-

the seflly, it is possible for relay nod®; € {1,---, N}\IIx |\ scheme with respect t& is much higher than that of the
to compute the sum of inter-relay interference power generaigdy-min SNR scheme.

from the relays idI;. WhenR; is again assumed to serve the

kth S-D pair(Sk, Dy), it computes the metrid.; x, termed ACKNOWLEDGEMENT

total interference leveldefined as (i)L;, (used in Step 1)  This research was funded by the MSIP(Ministry of Science,
plus (i) the sum of inter-relay interference power. ICT & Future Planning), Korea in the ICT R&D Program

According to the computed metriE; ., we also apply the 2013.
timer—pased method used in Step 1 for the second relay set REFERENCES
selection. The relak; € {1,---, N} \ II; computes the set [1] 1. Shomorony and A. S. Avestimehr, “Degrees of freedom of two-hop

of K interference |eve|3{Li,1, Ty Li,K}a and then starts its wireless networks: “Everyone gets the entire cake” Pimc. 50th Annual
timer with K initial values, proportional to th& interference Allerton Conf. on Commun., Control, and Computiipnticello, IL, Oct.

; 2012.
levels. Thus,_we need to compa(d@ffl_()K metrics over t_he [2] F. Xue and S. Sandhu, “Cooperation in a half-duplex Gaussian diamond
relay nodes in the sdftl, --- , N} \ IT; in order to determine relay channel,IEEE Trans. Inf. Theoryvol. 53, no. 10, pp. 3806-3814,

who will be selected as the second relay set. The rest of Oct. 2007.

: ; . C. Jung, D. Park, and W.-Y. Shin, “Opportunistic interference miti-
the relay set selection protocol (I'e" RTS message eXChaILEaelg?;’ation achieves optimal degrees-of-freedom in wireless multi-cell uplink

among relay nodes) almost follows the same line as that of networks” IEEE Trans. Commun.vol. 60, no. 7, pp. 1935-1944, Jul.
Step 1. The timer-based algorithm for the second relay set 2012.



