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provide higher data rates. In the context of CR, the CA concept can be extended and additional portions 

of spectrum can be used on an opportunistic and non-interfering basis by adding the detected spectrum 

holes or white spaces. This is the main concept on which OSA relies, providing extended capabilities and 

improved flexibility in the aggregation of spectrum resources and enhancing both data rate and spectrum 

efficiency. 

On each CC, it is necessary to adjust the opportunistic transmission parameters –e.g. transmit power, 

modulation and coding schemes, etc.– to the available spectrum holes. As a result, separate Hybrid 

Automatic Repeat reQuest (HARQ) processing and its associated control signaling are required for each 

CC. In this situation, the proper design of the control signaling channel is crucial. In general, according to 

3GPP internal discussions there are three possible implementations of the control channel in CA [39]: a) 

each CC can have its own coded control channel and minor modifications of the control structure in LTE 

systems are required (Figure 7.a), b) the control channels of different CCs can be jointly coded and 

transmitted in a dedicated CC (Figure 7.b), and c) multiple control channels for different CCs are jointly 

coded and then transmitted over the entire frequency band formed by the licensed LTE band and the CC 

added (Figure 7.c). Approaches a) and c) are incompatible with OSA since prior LTE signaling 

transmission is required in each CC in the licensed band before knowing if that specific CC is idle, 

increasing collisions and interference with the licensed activity. Therefore, the proposed system requires 

the implementation of the control signaling scheme b), where the signaling from all the added CC is 

carried in the licensed LTE control channel. Opportunistic users will read their signaling information in 

the licensed LTE band and then, according to that information, transmit or receive data in the 

opportunistic CCs. This procedure must be performed periodically in order to release the opportunistic 

resources if the primary activity returns. LTE handsets can carry out this operation when all the CCs are 

contiguous, including the licensed LTE band [2]. However, in case that CCs are discontinuous, and 

assuming that mobile devices only have a single radio interface, once the opportunistic user reads the 

control channel and finds out its allocated resources the handset has to tune its working frequency to the 

allocated CC, synchronize to the LTE system to start data transmission or reception and, after a specific 

time interval, re-tune the radio to the licensed LTE band and read the control channel again. This situation 

is impractical in the ambit of OSA since the required time between re-tunes must be very short in order to 

provide updated information of the opportunistic resources availability and, even if the handset is able to 

perform fast re-tuning, there is no useful time left to exploit those frequencies. A feasible solution to this 

problem is to implement a semi-persistent scheduling [40] where the signaling check periodicity is 

extended (up to several seconds) without taking into account the licensed channel state. The longer the 

time the opportunistic user does not consult the control channel, the higher the probability that licensed 

and unlicensed activities collide. Thus, a signaling consulting period and collision probability trade-off 

must be met. 

 

Figure 7. PDCCH designs for LTE-A when CA is enabled. 

Noteworthy, the use of OFDM-based opportunistic systems comes at a reduced cost since a particular set 

of subcarriers may be fed by zeroes in the corresponding transmitter’s Inverse Fast Fourier Transform 


