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Abstract—We consider the inter-cluster cognitive behavior of two 
dissimilar interfering clusters, where the first cluster (i.e. primary 
cluster) consists of a broadcast channel (BC) which has a single 
sender and two receivers and the second cluster (i.e. cognitive 
cluster)  is a single multiple access channel (MAC) with two senders 
and one receiver. The MAC is assumed to have cognitive 
transmitters, who know the message transmitted by the other non-
cognitive broadcast transmitter, in a non-causal manner. A 
Gel’fand-Pinsker coding-like technique is used to mitigate inter-
cluster interference. First, an achievable rate region for this model 
is derived based on the Marton with common message region for 
the general BC and using a result of Slepian-Wolf rate region for 
the MAC. Then by using the rate region of the second cluster, we 
obtain the achievable rate region for the two-user MAC with 
common message and common side information known non-
causally at the transmitters and show that the obtained achievable 
rate region is optimal when common side information is known at 
the receiver as well. 

Keywords- Achievable rate region; broadcast channel; cognitive 
radio channel; multiple access channel, Gel’fand–Pinsker coding 

I.  INTRODUCTION  
The cognitive radio technology in the wireless 

communications has made significant improvements in spectral 
efficiency. Cognitive radios could sense their wireless 
environment, obtain the messages of other already transmitting 
users and adapt themselves to their surroundings. In [1] and [2], 
Devroye et al. introduced the cognitive radio channel with 2 
senders and 2 receivers, in which one user knows the other user’s 
message non-causally and simultaneously transmits its own 
message. The authors also demonstrated an achievable region for 
this channel. Similar works are presented in [3]-[5], which are 
referred as “interference channel with unidirectional cooperation” 
or “interference channel with degraded message sets”. 

In [6], the authors considered an arbitrary wireless network 
consisting of cognitive and (possibly) non-cognitive radio 

devices. Moreover, the wireless network is partitioned into 
clusters with three different types of intra\inter-cluster behaviors: 
competitive, cooperative, and cognitive. Inter-cluster cognitive 
behavior refers to when some interfering clusters obtain the 
messages to be transmitted by other cluster(s) and use this 
knowledge to improve the overall rate region of wireless 
network. The inter-cluster cognitive behavior of two clusters that 
both of them are multiple access channels (MACs) is presented in 
[7]. In this case, each cluster consists of one receiver and at least 
two transmitters. Another related work is studied in [8], where 
the inter-cluster cognitive behavior of two broadcast channel 
(BC) clusters is considered. Each cluster assumed to have a 
single transmitter and two receivers, while the transmitter of one 
BC is non-causally aware of the message transmitted by the 
adjacent BC. An achievable rate region is derived for this model. 

In this paper, we consider the inter-cluster cognitive behavior 
of two dissimilar interfering clusters, in which a MAC cluster 
(with two senders) is the cognitive cluster and is aware of the 
message transmitted by the adjacent BC cluster (with two 
receivers) transmitter, in a non-causal manner. We propose an 
achievable rate region for this model. Also, as a special case, the 
achievable rate region for the two-user MAC with common 
message and common side information known non-causally at 
the transmitters is obtained and show that the obtained achievable 
rate region is optimal when common side information is known 
at receiver as well. The achievable region is derived based on the 
superposition coding, binning scheme, simultaneous decoding 
and a Gel’fand-Pinsker coding-like technique [11] in order to 
mitigate inter-cluster interference. The obtained rate region 
subsumes the Marton region for the general BC [10][13][14][15], 
and the Slepian-Wolf region for the MAC with common message 
[9] as its special cases. For ease, we denote the proposed channel 
with ܥܤ െ ீܥܣܯ . We depict ܥܤ െ ீܥܣܯ  in Fig. 1. Now, we 
review the capacity region for the MAC with common message 
and the best achievable rate region for a two-user BC with 
common message. 
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Fig. 1.  Interfering broadcast channel and multiple access channel with cognitive transmitters (ܥܤ െ  .(ீܥܣܯ
 

The capacity region for MAC with common message is 
derived as follows [9]: ܴଵ ൑ ሺܫ ଵܺ; ܻ|ܺଶܹሻ ܴଶ ൑ ;ሺܺଶܫ ܻ| ଵܹܺሻ ܴଵ ൅ ܴଶ ൑ ሺܫ ଵܺܺଶ; ܻ|ܹሻ ܴ଴ ൅ ܴଵ ൅ ܴଶ ൑ ሺܫ ଵܺܺଶ; ܻሻ 

where the capacity region is computed over all joint distributions 
that factor as: ݌ሺݓ, ,ଵݔ ,ଶݔ ሻݕ ൌ ,ଵݔ|ݕሺ݌ሻݓ|ଶݔሺ݌ሻݓ|ଵݔሺ݌ሻݓሺ݌  .ଶሻݔ

The largest achievable rate region for a two-user BC with 
common message is as follows[15]:  ܴ଴ ൅ ܴଵ ൑ ሺܫ ଵܻ; ଵܷܹሻ ܴ଴ ൅ ܴଶ ൑ ሺܫ ଶܻ; ଶܷܹሻ ܴ଴ ൅ ܴଵ ൅ ܴଶ ൑ minሼܫሺ ଵܻ; ܹሻ, ሺܫ ଶܻ; ܹሻሽ       െܫሺ ଵܷ; ଶܷ|ܹሻ+ܫሺ ଵܷ; ଵܻ|ܹሻ ൅ ሺܫ ଶܷ; ଶܻ|ܹሻ 2ܴ଴ ൅ ܴଵ ൅ ܴଶ ൑ ሺܫ ଵܻ; ଵܷܹሻ ൅ ሺܫ ଶܻ; ଶܷܹሻ 
            െܫሺ ଵܷ; ଶܷ|ܹሻ 
 
where the rate region is calculated over all joint distributions that 
factor as: ݌൫ݓ, ,ݔ,ଶݑ,ଵݑ ,ଵݕ ଶ൯ݕ ൌ                     ݌ሺݓሻ݌ሺݑଵ, ,ݓ|ݔሺ݌ሻݓ|ଶݑ ,ଵݑ ,ଵݕሺ݌ଶሻݑ ሻݔ|ଶݕ

The rest of the paper is organized as follows. In Section II, we 
define channel model. All the main results are presented in 
Section III.  A conclusion is prepared in Section V. Finally, the 
achievability of the proposed rate region is proved in the 
Appendix. 

II. DEFINITIONS AND CHANNEL MODEL 
We denote random variables by ଵܺ, ܺଶ, ଵܻ, ڮ  with values ݔଵ, ,ଶݔ ,ଵݕ ڮ  in finite sets ଵࣲ, ଶࣲ, ଵࣳ, ڮ  respectively; n-tuple 

vectors of ଵܺ, ܺଶ, ଵܻ, ,are denoted with ࢞૚ ڮ ࢞૛, ࢟૚,  .ڮ
Consider the proposed channel with finite input alphabets ଵࣲ, ଶࣲଵ, ଶࣲଶ, finite output alphabets ଵࣳଵ, ଵࣳଶ, ࣳଶ, and transition 

probability function ݌ሺݕଵଵ, ,ଵଶݕ ,ଵݔ|ଶݕ ,ଶଵݔ ଶଶሻݔ  with conditional 
marginal distributions ݌ሺݕଵଵ, ,ଵݔ|ଵଶݕ ,ଶଵݔ ଶଶሻݔ  and  ݌ሺݕଶ|ݔଶଵ, ,ଶଶݔ  ଵሻ, as in Fig. 1 . The channel is memoryless in theݔ
sense that for ݊ channel uses, we have ݌ሺ࢟૚૚, ࢟૚૛|࢞૚, ࢞૛૚, ࢞૛૛ሻ ൌ ෑ ,ଵଵ௜ݕሺ݌ ,ଵ௜ݔ|ଵଶ௜ݕ ,ଶଵ௜ݔ ଶଶ௜ሻ௡௜ୀଵݔ ,ሺ࢟૛|࢞૛૚݌  ࢞૛૛, ࢞૚ሻ ൌ ෑ ,ଶଵ௜ݔ|ଶ௜ݕሺ݌ ,ଶଶ௜ݔ ଵ௜ሻ௡௜ୀଵݔ  

where ࢞૚ ൌ ሺݔଵଵ, ڮ , ଵ௡ሻݔ א ଵࣲ௡, ࢞૛࢚ ൌ ሺݔଶ௧ଵ, ڮ , ଶ௧௡ሻݔ א ଶࣲ௧௡ , ࢟૚࢚ ൌ ሺݕଵ௧ଵ, ڮ , ଵ௧௡ሻݕ א ଵࣳ௧௡ and ࢟૛ ൌ ሺݕଶଵ, ڮ , ଶ௡ሻݕ א ࣳଶ௡  for ݐ ൌ 1,2.  Sender 1  sends two private messages ݉ଵ௧ א ଵࣧ௧ ൌሼ1, ڮ , ,ଵ௧ሽܯ ݐ ൌ 1,2;  together with a common message ݉ଵ଴ ଵࣧ଴א ൌ ሼ1, ڮ , ଵ଴ሽܯ  to the first and second receivers over the 
channel ݌ሺݕଵଵ, ,ଵݔ|ଵଶݕ ,ଶଵݔ  ଶଶሻ. Senders 2 and 3 send their ownݔ
private messages ݉ଶଵ א ଶࣧଵ ൌ ሼ1, ڮ , ଶଵሽܯ  and ݉ଶଶ א ଶࣧଶ ൌሼ1, ڮ ,  ଶଶሽ to the third receiver, respectively. Moreover, bothܯ
senders send a common message ݉ଶ଴ א ଶࣧ଴ ൌ ሼ1, ڮ ,  ଶ଴ሽ toܯ
the third receiver over the channel ݌ሺݕଶ|ݔଶଵ, ,ଶଶݔ ଵሻݔ .Assume 
that the transmitted message index ݉௜௝, ݅ ൌ 1,2 , ݆ ൌ 0,1,2  is 
selected uniformly from the message set ௜ࣧ௝.  

Let ऍ  denote the discrete memoryless ܥܤ െ ீܥܣܯ  defined 
above. An ሺ݊, ଵ଴ܯ ൌ ,ۂ2௡ோభబہ ଵଵܯ ൌ ,ۂ2௡ோభభہ ଵଶܯ ൌ2ہ௡ோభమۂ, ଶ଴ܯ ൌ ,ۂ2௡ோమబہ ଶଵܯ ൌ ,ۂ2௡ோమభہ ଶଶܯ ൌ ,ۂ2௡ோమమہ ሻߝ  code 
exists for the channel ऍ if and only if there exist three encoding 
functions 
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ଵ݂: ଵࣧ଴ ൈ ଵࣧଵ ൈ ଵࣧଶ ՜ ଵࣲ௡, ଶ݂: ଵࣧ଴ ൈ ଵࣧଵ ൈ ଵࣧଶ ൈ ଶࣧ଴ ൈ ଶࣧଵ ՜ ଶࣲଵ௡ , ଷ݂: ଵࣧ଴ ൈ ଵࣧଵ ൈ ଵࣧଶ ൈ ଶࣧ଴ ൈ ଶࣧଶ ՜ ଶࣲଶ௡ , 
and three decoding functions ݃ଵ: ଵࣳଵ௡ ՜ ଵࣧ଴ ൈ ଵࣧଵ,   ݃ଶ: ଵࣳଶ௡ ՜ ଵࣧ଴ ൈ ଵࣧଶ,  ݃ଷ: ࣳଶ௡ ՜ ଶࣧ଴ ൈ ଶࣧଵ ൈ ଶࣧଶ,  

such that ௘ܲ௡ ൑ ߝ . ௘ܲ௡  is the average error probability for a ሺ݊, 2௡ோభబ, 2௡ோభభ, 2௡ோభమ, 2௡ோమబ, 2௡ோమభ, 2௡ோమమ, ሻߝ  code and defined 
as, 

௘ܲ௡ ൌ 12݊ோכ ෍௠אכ כࣧ  Pr ሼሺ݃ଵሺ࢟૚૚ሻ ് ݉ଵതതതതሻ ׫ ሺ݃ଶሺ࢟૚૛ሻ ് ݉ଶതതതതሻ ׫ ሺ݃ଷሺ࢟૛ሻ ് ݉ଷതതതതሻ                                                                       |ሺ݉ଵതതതത, ݉ଶ,തതതതത ݉ଷതതതതሻsentሽ
where ܴכ ൌ ܴଵ଴ ൅ ܴଵଵ ൅ ܴଵଶ ൅ ܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶ כ݉ , ൌ ሺ݉ଵ଴, ݉ଵଵ, ݉ଵଶ, ݉ଶ଴, ݉ଶଵ, ݉ଶଶሻ כࣧ ,  ൌ ሺ ଵࣧ଴, ଵࣧଵ, ଵࣧଶ, ଶࣧ଴, ଶࣧଵ,  ଶࣧଶሻ  , ݉ଵതതതത ൌ ሺ݉ଵ଴, ݉ଵଵሻ,  ݉ଶതതതത ൌ ሺ݉ଵ଴, ݉ଵଶሻ  and ݉ଷതതതത ൌሺ݉ଶ଴, ݉ଶଵ, ݉ଶଶሻ.  

A nonnegative rate tuple ሺܴଵ଴, ܴଵଵ, ܴଵଶ, ܴଶ଴, ܴଶଵ, ܴଶଶሻ  is 
achievable for the channel ऍ  if for any given 0 ൏ ߝ ൏ 1 , and 
sufficiently large ݊,  there exists a code ሺ݊, 2௡ோభబ, 2௡ோభభ, 2௡ோభమ, 2௡ோమబ, 2௡ோమభ, 2௡ோమమ, ሻ, such that ௘ܲ௡ߝ ൑  .ߝ

The capacity region for the channel ऍ  is defined as the 
closure of the set of all the achievable rate tuples, while an 
achievable rate region for the channel ऍ  is a subset of the 
capacity region. 

III. MAIN RESULT: AN ACHIEVABLE RATE REGION FOR THE 
DISCRETE MEMORYLESS ܥܤ െ  ீܥܣܯ

A. Description of the rate region 
Let us consider auxiliary random variables ଵܹ଴, ଶܹ଴, ଵܷଵ, and ଵܷଶ  defined on arbitrary finite sets ଵࣱ଴, ଶࣱ଴, ࣯ଵଵ,  and ࣯ଵଶ , 

respectively. The auxiliary random variables ଵܹ଴, ଵܷଵ, and ଵܷଶ 
are used to encode messages ݉ଵ଴, ݉ଵଵ, and ݉ଵଶ in the broadcast 
cluster ,respectively. The auxiliary random variable ଵܹ଴ 
contains common message ݉ଵ଴ and is decoded by both receivers 
11 and 12. However, ଵܷ௧ is just decoded by receiver 1ݐ, ݐ ൌ 1,2. 
In the MAC cluster, ଶܹ଴ contains common message ݉ଶ଴ and is 
decoded by receiver 2. Two private messages ݉ଶଵ and ݉ଶଶ 
which are superimposed over ݉ଶ଴ , are conveyed by ܺଶଵ and ܺଶଶ , respectively. For the ܥܤ െ ீܥܣܯ  (Fig. 1), let ܼ ൌሺ ଵܹ଴, ଵܷଵ, ଵܷଶ, ଶܹ଴, ଶܷଵ, ଶܷଶ, ଵܺ, ܺଶଵ, ܺଶଶ, ଵܻଵ, ଵܻଶ, ଶܻሻ  and let ࣪ 
be the set of all distributions of the form (1):  ܲሺݓଵ଴, ,ଵଵݑ ,ଵଶݑ ,ଶ଴ݓ ,ଶଵݑ ,ଶଶݑ ,ଵݔ ,ଶଵݔ ,ଶଶݔ ,ଵଵݕ ,ଵଶݕ ଶሻݕ ൌܲሺݓଵ଴ሻܲሺݑଵଵ, ,ଵ଴ݓ|ଵݔଵ଴ሻܲሺݓ|ଵଶݑ ,ଵଵݑ ଵଶሻݑ ൈ 

(1)

ܲሺݓଶ଴|ݓଵ଴, ,ଵଵݑ ,ଶ଴ݓ|ଶଵݑଵଶሻܲሺݑ ,ଵ଴ݓ ,ଵଵݑ ଵଶሻݑ ൈ ܲሺݑଶଶ|ݓଶ଴, ,ଵ଴ݓ ,ଵଵݑ ଵଶሻݑ ൈ 

ܲሺݔଶଵ|ݑଶଵ, ,ଶ଴ݓ ,ଵ଴ݓ ,ଵଵݑ ,ଶଶݑ|ଶଶݔଵଶሻܲሺݑ ,ଶ଴ݓ ,ଵ଴ݑ ,ଵଵݑ ଵଶሻݑ ൈ ܲሺݕଵଵ, ,ଵଶݕ ,ଵݔ|ଶݕ ,ଶଵݔ  ଶଶሻݔ

The joint distribution (1) results in the following Markov 
chains, 
 ଶܷଵ ՞ ሺ ଵܹ଴, ଵܷଵ, ଵܷଶ, ଶܹ଴ሻ ՞ ଶܷଶ (2-1)ሺ ଵܹ଴, ଵܷଵ, ଵܷଶ, ଶܹ଴, ଶܷଵ, ଶܷଶሻ ՞ ሺ ଵܺ, ܺଶଵ, ܺଶଶሻ ՞ ሺ ଵܻଵ, ଵܻଶ, ଶܻሻ

(2-2)

Theorem 1: For any ܼ א ࣪  let ࣭ሺܼሻ  be the set of all rate 
tuples ሺܴଵ଴, ܴଵଵ, ܴଵଶ, ܴଶ଴, ܴଶଵ, ܴଶଶሻ of non-negative real numbers 
such that  ܴଵ଴ ൅ ܴଵଵ ൑ ሺܫ ଵܻଵ; ଵܹ଴ ଵܷଵሻ (3-1) ܴଵ଴ ൅ ܴଵଶ ൑ ሺܫ ଵܻଶ; ଵܹ଴ ଵܷଶሻ (3-2) ܴ൅ minሼܫሺ ଵܻଵ; ଵܹ଴ሻ, ሺܫ ଵܻଶ; ଵܹ଴ሻሽ   െܫሺ ଵܷଵ; ଵܷଶ| ଵܹ଴ሻ 

(3-3)

2ܴ଴ ൅ ܴଵଵ ൅ ܴଵଶ ൑ ሺܫ ଵܻଵ; ଵܹ଴ ଵܷଵሻ ൅ ሺܫ ଵܻଶ; ଵܹ଴ ଵܷଶሻ
            െܫሺ ଵܷଵ; ଵܷଶ| ଵܹ଴ሻ 

(3-4)
 ܴଶଵ ൑ ሺܫ ଶܷଵ; ଶܻ| ଶܹ଴, ଶܷଶሻ 

        െܫሺ ଶܷଵ; ଵܹ଴, ଵܷଵ, ଵܷଶ| ଶܹ଴, ଶܷଶሻ ܴଶଶ ൑ ሺܫ ଶܷଶ; ଶܻ| ଶܹ଴, ଶܷଵሻ 
        െܫሺ ଶܷଶ; ଵܹ଴, ଵܷଵ, ଵܷଶ| ଶܹ଴, ଶܷଵሻ ܴଶଵ ൅ ܴଶଶ ൑ ሺܫ ଶܷଵ, ଶܷଶ; ଶܻ| ଶܹ଴ሻ 

              െܫሺ ଶܷଵ, ଶܷଶ; ଵܹ଴, ଵܷଵ, ଵܷଶ| ଶܹ଴ሻ 

(3-5) 

(3-6) 

(3-7) ܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶ ൑ ሺܫ ଶܹ଴, ଶܷଵ, ଶܷଶ; ଶܻሻെ ሺܫ ଶܹ଴, ଶܷଵ, ଶܷଶ; ଵܹ଴, ଵܷଵ, ଵܷଶሻ 
(3-8)

then any element of the closure of ڂ ࣭ሺܼሻ௓࣪א  is achievable for 
the ܥܤ െ   .ீܥܣܯ

Proof: Refer to APPENDIX. 

Remark 1: By isolating the second cluster (MAC) from the 
first one (BC) and therefore, eliminating the cognitive behavior,  ܫሺ ଶܹ଴; ଵܹ଴ ଵܷଵ ଵܷଶሻ ൌ ;ሺܺଶଵܫ,0 ଵܹ଴ ଵܷଵ ଵܷଶ| ଶܹ଴ሻ ൌ ;ሺܺଶଶܫ ,0 ଵܹ଴ ଵܷଵ ଵܷଶ| ଶܹ଴ሻ ൌ 0, 
we reach to the capacity region for MAC with common message 
[9]. 

Remark  2: By setting ܵ ൌ ሺ ଵܹ଴, ଵܷଵ, ଵܷଶሻ in inequalities (3-
4)-(3-7) we obtain the achievable rate region for the two-user 
MAC with common message and common side information ܵ 
known non-causally at the transmitters [16], which is the set of 
all rate triples ሺܴଶ଴, ܴଶଵ, ܴଶଶሻ, satisfying  ܴଶଵ ൑ ሺܫ ଶܷଵ; ଶܻ| ଶܹ଴, ଶܷଶሻ െ ሺܫ ଶܷଵ; ܵ| ଶܹ଴, ଶܷଶሻ (4-1)ܴଶଶ ൑ ሺܫ ଶܷଶ; ଶܻ| ଶܹ଴, ଶܷଵሻ െ ሺܫ ଶܷଶ; ܵ| ଶܹ଴, ଶܷଵሻ (4-2)ܴଶଵ ൅ ܴଶଶ ൑ ሺܫ ଶܷଵ, ଶܷଶ; ଶܻ| ଶܹ଴ሻ െ ሺܫ ଶܷଵ, ଶܷଶ; ܵ| ଶܹ଴ሻ (4-3)
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ܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶ ൑ ܫሺ ଶܹ଴, ଶܷଵ, ଶܷଶ; ଶܻሻ െ ሺܫ ଶܹ଴, ଶܷଵ, ଶܷଶ; ܵሻ 
 (4-4)

for some joint distribution of the form, ܲሺݏ, ,ଶ଴ݓ ,ଶଵݑ ,ଶଶݑ ,ଶଵݔ ,ଶଶݔ ଶሻ   ൌݕ ܲሺݏሻܲሺݓଶ଴|ݏሻܲሺݑଶଵ|ݓଶ଴, ,ଶ଴ݓ|ଶଶݑሻܲሺݏ ሻ  ൈݏ ܲሺݔଶଵ|ݑଶଵ, ,ଶ଴ݓ ,ଶଶݑ|ଶଶݔሻܲሺݏ ,ଶ଴ݓ ,ଶଵݔ|ଶݕሻܲሺݏ  ଶଶሻ, (5)ݔ

The joint distribution (5) results in the Markov chains below, ሺ ଶܷଵ, ܺଶଵሻ ՞ ሺܵ, ଶܹ଴ሻ ՞ ሺ ଶܷଶ, ܺଶଶሻ (6-1)ሺ ଶܹ଴, ଶܷଵ, ଶܷଶሻ ՞ ሺܵ, ܺଶଵ, ܺଶଶሻ ՞ ଶܻ (6-2)

Remark 3: For the case where the side information ܵோ  is 
available at receiver ଶܻ, it is sufficient to replace ଶܻ with ሺ ଶܻ, ܵோሻ 
in the corresponding expressions in Remark 2. 

The following Theorem establishes the capacity region for the 
two-user MAC with common message and common side 
information ܵ  available non-causally at the transmitters and 
receiver (ܵோ ൌ ܵ). 

Theorem 2: The capacity region of the two-user MAC with 
common message and common side information ܵ  available 
non-causally at the transmitters and receiver is the closure of the 
set of all rates that   ܴଶଵ ൑ ܫሺ ଶܷଵ; ଶܻ|ܵ, ଶܹ଴, ଶܷଶሻ (7-1)ܴଶଶ ൑ ܫሺ ଶܷଶ; ଶܻ|ܵ, ଶܹ଴, ଶܷଵሻ (7-2)ܴଶଵ ൅ ܴଶଶ ൑ ܫሺ ଶܷଵ, ଶܷଶ; ଶܻ|ܵ, ଶܹ଴ሻ (7-3)ܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶ ൑ ܫሺ ଶܹ଴, ଶܷଵ, ଶܷଶ; ଶܻ|ܵሻ (7-4)

for some joint distribution of the form (5). 
Proof: The achievability is obtained from Theorem 1, Markov 

chains (6), Remark 3 and setting ܵோ ൌ S. For the converse part, 
we define auxiliary random variables ଶܹ଴,௧, ଶܷଵ,௧, ଶܷଶ,௧, ݐ ൌ1, … , ݊ as follows: ଶܹ଴,௧ ؜ ሺ݉ଶ଴, ܵ௡ሻ, ଶܷଵ,௧ ؜ ሺ݉ଶଵ, ݉ଶ଴, ܵ௡ሻ,  ଶܷଶ,௧ ؜ ሺ݉ଶଶ, ݉ଶ଴, ܵ௡ሻ. 
Now, consider ܴ݊ଶଵ ൌ ሺ݉ଶଵሻܪ ൌ ,ሺ݉ଶଵ|݉ଶ଴ܪ ݉ଶଶ, ܵ௡ሻ (8-1)ൌ ,൫݉ଶଵ|݉ଶ଴ܪ ݉ଶଶ, ܵ௡, ଶܻ,ଵ௡ ൯ ൅ ;൫݉ଶଵܫ ଶܻ,ଵ௡ ห݉ଶ଴, ݉ଶଶ, ܵ௡൯       ൑ ଵ,௡ߝ݊ ൅ ෍ ;൫݉ଶଵܫ ଶܻ,௧ห݉ଶ଴, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡

௧ୀଵ  (8-2)

     ൌ ଵ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

              െ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ   

 

ൌ ଵ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

െ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ௡൯௡
௧ୀଵ  

(8-3)

ൌ ଵ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ݉ଶ଴, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

െ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ௡൯௡
௧ୀଵ  

൑ ଵ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଶ,௧൯௡
௧ୀଵ  

െ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଵ,௧, ଶܷଶ,௧൯௡
௧ୀଵ  

(8-4)

ൌ ଵ,௡ߝ݊ ൅ ෍ ൫ܫ ଶܷଵ,௧; ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଶ,௧൯௡
௧ୀଵ ,  

where ߝଵ,௡ ՜ 0  as ݊  approaches infinity. Here, (8-1) because ݉ଶଵ  and ሺ݉ଶ଴, ݉ଶଶ, ଵܵ௡ሻ  are independent, (8-2) follows from 
Fano’s inequality, (8-3) follows from the Markov chain ଶܻ,ଵ௧ିଵ ՞ሺ݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ଵܵ௡ሻ ՞ ଶܻ,௧  and (8-4) leads from the fact that 
conditioning reduces entropy. Similarly we can obtain: ܴ݊ଶଶ ൑ ଶ,௡ߝ݊ ൅ ෍ ൫ܫ ଶܷଶ,௧; ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଵ,௧൯௡

௧ୀଵ ,  

where ߝଶ,௡ ՜ 0  as ݊ ՜ ∞ . Now, we bound the sum rate ܴଶଵ ൅ ܴଶଶ: ݊ሺܴଶଵ ൅ ܴଶଶሻ ൌ ,ሺ݉ଶଵܪ ݉ଶଶሻ ൌ ,ሺ݉ଶଵܪ ݉ଶଶ|݉ଶ଴, ܵ௡ሻ  ൌ ,൫݉ଶଵܪ ݉ଶଶ|݉ଶ଴, ܵ௡, ଶܻ,ଵ௡ ൯ ൅ ,൫݉ଶଵܫ ݉ଶଶ; ଶܻ,ଵ௡ ห݉ଶ଴, ܵ௡൯  ൑ ଷ,௡ߝ݊ ൅ ෍ ,൫݉ଶଵܫ ݉ଶଶ; ଶܻ,௧ห݉ଶ଴, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ   

ൌ ଷ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

െ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

 

ൌ ଷ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ݉ଶ଴, ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

െ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ݉ଶ଴, ܵ௡, ݉ଶଵ, ݉ଶଶ൯௡
௧ୀଵ  

 

 

൑ ଷ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧൯௡
௧ୀଵ   
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               െ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଵ,௧, ଶܷଶ,௧൯௡
௧ୀଵ  

ൌ ଷ,௡ߝ݊ ൅ ෍ ൫ܫ ଶܷଵ,௧, ଶܷଶ,௧; ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧൯௡
௧ୀଵ ,  

where ߝଷ,௡ ՜ 0  as ݊ ՜ ∞ . Finally, we bound the sum rate ܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶ: ݊ሺܴଶ଴ ൅ ܴଶଵ ൅ ܴଶଶሻ ൌ ,ሺ݉ଶ଴ܪ ݉ଶଵ, ݉ଶଶሻൌ ,ሺ݉ଶ଴ܪ ݉ଶଵ, ݉ଶଶ|ܵ௡ሻ ൌ ,൫݉ଶ଴ܪ ݉ଶଵ, ݉ଶଶ|ܵ௡, ଶܻ,ଵ௡ ൯ ൅ ,൫݉ଶ଴ܫ ݉ଶଵ, ݉ଶଶ; ଶܻ,ଵ௡ หܵ௡൯  ൑ ସ,௡ߝ݊ ൅ ෍ ,൫݉ଶ଴ܫ ݉ଶଵ, ݉ଶଶ; ଶܻ,௧หܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ   

ൌ ସ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧หܵ݊, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ െ ෍ ൫ܪ ଶܻ,௧ห݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ݊, ଶܻ,ଵ௧ିଵ൯௡

௧ୀଵ  

ൌ ସ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ܵ௡, ଶܻ,ଵ௧ିଵ൯௡
௧ୀଵ  

             െ ∑ ൫ܪ ଶܻ,௧ห ௧ܵ , ݉ଶ଴, ݉ଶଵ, ݉ଶଶ, ܵ௡൯௡௧ୀଵ  

 

൑ ସ,௡ߝ݊ ൅ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ൯௡
௧ୀଵ െ ෍ ൫ܪ ଶܻ,௧ห ௧ܵ , ଶܹ଴,௧, ଶܷଵ,௧, ଶܷଶ,௧൯௡

௧ୀଵ  

ൌ ସ,௡ߝ݊ ൅ ෍ ൫ܫ ଶܹ଴,௧, ଶܷଵ,௧, ଶܷଶ,௧; ଶܻ,௧ห ௧ܵ൯௡
௧ୀଵ ,  

where ߝସ,௡ ՜ 0  as ݊ ՜ ∞ . This concludes the proof of the 
converse part. 

IV. CONCLUSION 
A wireless network model including interfering broadcast 

channel and a multiple access channel with cognitive transmitters 
is considered. The MAC is supposed to have two cognitive 
transmitters, which know the message transmitted by broadcast 
transmitter, in a non-causal manner. Using a result of Slepian-
Wolf rate region for the multiple access channel and the BC with 
common message region along with random binning technique, 
an achievable rate region for this model is derived. The cognition 
for the second cluster is also assumed to be common side 
information known non-causally at the MAC transmitters while it 
is proved that the related achievable region for the MAC cluster 
is optimal. 
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APPENDIX 
PROOF OF THEOREM 1 

It is sufficient to show that any element of ࣭ሺܼሻ  for each ܼ א ࣪  is achievable. So, fix ܼ ൌ ሺ ଵܹ଴ ଶܹ଴ ଵܷଵ ଵܷଶ ଵܺܺଶଵܺଶଶ ଵܻଵ ଵܻଶ ଶܻሻ  and take any ሺܴଵ଴, ܴଵଵ, ܴଵଶ, ܴଶ଴, ܴଶଵ, ܴଶଶሻ  satisfying the constraints of the 
Theorem 1. 

Codebook generation: Consider  ݊ ൐ 0  and some 
distribution of the form (1). We construct the codebook as 
follows: 

1. generate 2ہ௡ோభబۂ  independent codewords ࢝૚૙ሺ݆ሻ , ݆ א ሼ1, ڮ , ∏ ሽ according toۂ2௡ோభబہ ଵ଴௜ሻ௡௜ୀଵݓሺ݌ .  
2. For each codeword ࢝૚૙ሺ݆ሻ, at encoder 1: 

2.1 generate උ2௡ሺோభభାோభభᇲ ሻඏ  independent codewords ࢛૚૚,  
according to ∏ ଵ଴௜ሻ௡௜ୀଵݓ|ଵଵ௜ݑሺ݌ and throw them 
randomly into 2ہ௡ோభభۂ  bins such that the k-th 
sequence  ࢛૚૚, ݇ א ൛1, ڮ , උ2௡ோభభᇲ ඏൟ, in bin ܾଵ  is 
denoted as ࢛૚૚ሺ݆, ܾଵ, ݇ሻ, ܾଵ א ሼ1, ڮ ,  .ሽۂ2௡ோభభہ

2.2 generate උ2௡ሺோభమାோభమᇲ ሻඏ  independent codewords ࢛૚૛,  
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according to ∏ ଵ଴௜ሻ௡௜ୀଵݓ|ଵଶ௜ݑሺ݌  and throw them 
randomly into 2ہ௡ோభమۂ  bins such that the l-th 
sequence  ࢛૚૛, ݈ א ൛1, ڮ , උ2௡ோభమᇲ ඏൟ, in bin ܾଶ  is 
denoted as ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ܾଶ א ሼ1, ڮ ,  ..ሽۂ2௡ோభమہ

3. generate උ2௡ሺோమబାோమబᇲ ሻඏ  independent codewords ࢝૛૙, according to ∏ ଶ଴௜ሻ௡௜ୀଵݓሺ݌  and throw them 
randomly into 2ہ௡ோమబۂ bins such that the m-th sequence ࢝૛૙ in bin ܾଷ, ݉ א ൛1, ڮ , 2௡ோమబᇲ ൟ,  is denoted as ࢝૛૙ሺܾଷ, ݉ሻ, ܾଷ א ሼ1, ڮ ,   .ሽۂ2௡ோమబہ

4. For each codeword ࢝૛૙ሺ݉ሻ: 

4.1 at encoder 2, generate උ2௡ሺோమభାோమభᇲ ሻඏ  independent 
codewords ࢛૛૚,  according to ∏ ଶ଴௜ሻ௡௜ୀଵݓ|ଶଵ௜ݔሺ݌  and 
throw them randomly into 2ہ௡ோమభۂ bins such that the 
n-th sequence ࢛૛૚, ݊ א ൛1, ڮ , උ2௡ோమభᇲ ඏൟ,  in bin ܾସ  is 
denoted as ࢛૛૚ሺ݉, ܾସ, ݊ሻ, ܾସ א ሼ1, ڮ ,  .ሽۂ2௡ோమభہ

4.2 at encoder 3, generate උ2௡ሺோమమାோమమᇲ ሻඏ  independent 
codewords ࢛૛૛,  according to ∏ ଶ଴௜ሻ௡௜ୀଵݓ|ଶଶ௜ݔሺ݌  and 
throw them randomly into 2ہ௡ோమమۂ bins such that the 
o-th sequence ࢛૛૛, ݋  א ൛1, ڮ , උ2௡ோమమᇲ ඏൟ,  in bin ܾହ  is 
denoted as ࢛૛૛ሺ݉, ܾହ, ሻ, ܾହ݋ א ሼ1, ڮ ,  .ሽۂ2௡ோమమہ

Encoding & transmission: The aim is to send a six 
dimensional message ሺ݆, ܾଵ, ܾଶ, ܾଷ, ܾସ, ܾହሻ whose first component ݆ is a message index and last five components ܾଵ, ܾଶ, ܾଷ, ܾସ and ܾହ  are bin indices. The messages actually sent over the ܥܤ  െீܥܣܯ channel are ࢞૚, ࢞૛૚ and ࢞૛૛. The message and bin indices 
are mapped into ࢞૚, ࢞૛૚ and ࢞૛૛, as follows. 

The sender ܶ ଵܺ  to send ሺ݆, ܾଵ, ܾଶሻ  first looks for ࢝૚૙ሺ݆ሻand 
then finds sequences ࢛૚૚ሺ݆, ݇ሻ and  ࢛૚૛ሺ݆, ݈ሻ  in bin ܾଵ  and bin ܾଶ respectively, such that  ሺ࢝૚૙ሺ݆ሻ, ࢛૚૚ሺ݆, ܾଵ, ݇ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻሻ ఌ௡ܣא ; finally ܶ ଵܺ  generates ࢞૚  i.i.d. according to ∏ ଵଶ௜ሻ௡௜ୀଵݑଵଵ௜ݑଵ଴௜ݓ|ଵ௜ݔሺ݌  and sends it. 

The cognitive sender ܶܺଶଵ  knowing ࢝૚૙ሺ݆ሻ, ࢛૚૚ሺ݆, ܾଵ, ݇ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ  non-causally, to send ሺܾଷ, ܾସሻ 
finds a sequence ࢝૛૙ሺ݉ሻ  in bin ܾଷ  such that ሺ࢝૚૙ሺ݆ሻ, ࢛૚૚ሺ݆, ܾଵ, ݇ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢝૛૙ሺܾଷ, ݉ሻሻ א ఌ௡ܣ ; and then 
finds a sequence ࢛૛૚ሺ݉, ݊ሻ  in bin ܾସ , such that ሺ࢝૚૙ሺ݆ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢝૛૙ሺܾଷ, ݉ሻ, ࢛૛૚ሺ݉, ܾସ, ݊ሻሻ ఌ௡ܣא ; finally ܶܺଶଵ generates ࢞૛૚ሺ݉, ܾସ, ݊ሻ  i.i.d. according to ∏ ଶଵ௜ሻ௡௜ୀଵݑଶ଴௜ݓ|ଶଵ௜ݔሺ݌  and sends it. 

Similarly, the cognitive sender ܶܺଶଶ  knowing ࢝૚૙ሺ݆ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ  non-causally, to send ሺܾଷ, ܾହሻ 
finds a sequence ࢝૛૙ሺ݉ሻ  in bin ܾଷ  such that ሺ࢝૚૙ሺ݆ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢝૛૙ሺܾଷ, ݉ሻሻ א ఌ௡ܣ ; and then 
finds a sequence ࢛૛૛ሺ݉, ሻ݋  in bin ܾହ , such that ሺ࢝૚૙ሺ݆ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢛૚૛ሺ݆, ܾଶ, ݈ሻ, ࢝૛૙ሺܾଷ, ݉ሻ, ࢛૛૛ሺ݉, ܾହ, ሻሻ݋ ఌ௡ܣא ; finally ܶܺଶଶ generates ࢞૛૛ሺ݉, ܾସ, ݊ሻ  i.i.d. according to 

∏ ଶଶ௜ሻ௡௜ୀଵݑଶ଴௜ݓ|ଶଶ௜ݔሺ݌  and sends it. 
Error probability analysis: The messages are decoded based 

on strong joint typicality as in [12]. Assuming all messages to be 
equiprobable, we consider the situation where ሺ݆ ൌ 1, ܾଵ ൌ1, ܾଶ ൌ 1, ܾଷ ൌ 1, ܾସ ൌ 1, ܾହ ൌ 1ሻ  was sent. First, we consider 
encoding errors. The probability of encoding error will be 
negligible if the below binning conditions are held: ܴଵଵ′ ൅ ܴଵଶ′ ൒ ሺܫ ଵܷଵ; ଵܷଶ| ଵܹ଴ሻ (9-1) ܴଶ଴′ ൒ ሺܫ ଶܹ଴; ଵܹ଴ ଵܷଵ ଵܷଶሻ (9-2) ܴଶଵ′ ൒ ;ሺܺଶଵܫ ଵܹ଴ ଵܷଵ ଵܷଶ| ଶܹ଴ሻ   (9-3) ܴଶଶ′ ൒ ;ሺܺଶଶܫ ଵܹ଴ ଵܷଵ ଵܷଶ| ଶܹ଴ሻ (9-4) 

Finally, consider decoding errors at the decoders. If we 
assume no encoding errors, with standard techniques of in- 
formation theory it can be shown that the decoding errors can be 
avoided if  ܴଵ଴ ൑ ሺܫ ଵܻଵ; ଵܹ଴, ଵܷଵሻ (10-1)ܴଵ଴ ൑ ሺܫ ଵܻଶ; ଵܹ଴, ଵܷଶሻ (10-2)ܴଵଵ ൅ ܴଵଵᇱ ൑ ሺܫ ଵܻଵ; ଵܷଵ| ଵܹ଴ሻ (10-3)ܴଵଶ ൅ ܴଵଶᇱ ൑ ሺܫ ଵܻଶ; ଵܷଶ| ଵܹ଴ሻ (10-4)ܴ (10-5)ܴ (10-6)ܴଶଵ ൅ ܴଶଵ′ ൑ ሺܫ ଶܻ; ଶܷଵ| ଶܹ଴ ଶܷଶሻ+ ܫሺ ଶܷଵ; ଶܷଶ| ଶܹ଴ሻ (10-7) ܴଶଶ ൅ ܴଶଶ′ ൑ ሺܫ ଶܻ; ଶܷଶ| ଶܹ଴ ଶܷଵሻ+ ܫሺ ଶܷଶ; ଶܷଵ| ଶܹ଴ሻ (10-8) ܴଶଵ ൅ ܴଶଵ′ ൅ ܴଶଶ ൅ ܴଶଶ′  ൑ ሺܫ ଶܻ; ଶܷଵ ଶܷଶ| ଶܹ଴ሻ ൅ ሺܫ  ଶܷଵ; ଶܷଶ| ଶܹ଴ሻ 

(10-9)ܴଶ଴ ൅ ܴଶ଴′ ൅ ܴଶଵ ൅ ܴଶଵ′ ൅ ܴଶଶ ൅ ܴଶଶ′  ൑ ሺܫ ଶܻ; ଶܷଵ ଶܷଶ ଶܹ଴ሻ ൅ ሺܫ  ଶܷଵ; ଶܷଶ| ଶܹ଴ሻ 
(10-10) 

First, consider the BC cluster expressions, i.e. (10-1, 6) .The 
expressions (10-1) and (10-2) are redundant due to (10-5) and 
(10-6), respectively. Eliminating ܴଵଵᇱ and ܴଵଶᇱ  with the help of 
binning conditions and also applying Lemma 1 in [15], we reach 
to (3-1, 4). About the MAC cluster, replacing the binning 
conditions, (9-2, 3 and 4) is the all work. However, a little 
simplification is needed. 
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