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1
Introduction
In Ran1#48 a way forward was agreed upon for DL control signalling [1]. The agreement was based on several different partial decisions and was endorsed by many companies. In the agreement it was decided that the control channels are formed by aggregation of control channel elements and a control channel element corresponds to a set of resource elements. Aggregation of the control channel elements shall be done in a structured way.  In addition, each control channel uses QPSK modulation and the MAC ID is implicitly encoded in the CRC.
The UE monitors a set of candidate control channels, which can be set by higher layer signalling. The maximum number of blind coding attempts is limited by the size of the candidate control channel set.
This contribution proposes a method to aggregate the control channel elements to control channels in a structured and efficient way.
The structure defines rules for combining the control channel elements into control channels. The structure is needed to reduce the number and positions of the potential control channels and hence also the number of blind detections the UE must do in order to find the control channels. This contribution does not assume any particular solution for the Cat0 issue.
2
Control channel structure
The control channel is always transmitted with QPSK modulation but different code rates can be used depending on the SNIR seen by the addressed UE. One possibility is that the lowest code rate corresponds to some well known convolutional code rate (eg 1/8, 1/6), which is called the mother code, is fixed or set on a semi static basis. The other code rates have a fixed relationship to the mother code like 2 and 4 times that [3].
In RAN1#48 [2] Nokia had a contribution proposing a tree structured architecture. This approach is taken further in this contribution and proposed as the method of a aggregating the control channel elements within the way forward concept.
In this contribution all control channel elements and control channels are shown for clarity in a logical order. In an actual physical control channel the subcarriers are distributed across the control channel symbols over the entire bandwidth.

In Figure 1  several possible mappings between control channel elements and control channels with a tree structure is shown. The tree has three levels and the nodes on the different levels correspond to different formats or code rates and consist of one, two or four elements, respectively. The tree structure means especially that

· Control channels with a length of one element can start at any position
· Control channels with the length of two elements can only start at even position

· Control channels with the length of four elements can only start at position 0, 4, 8, 12 …
The corresponding binary trees are shown for clarification in Figure 2.
This representation also gives a simple way of numbering the candidate control channels. The numbering system is needed when UEs are commanded to monitor some set of the candidate channels.

With the tree structure approach there is always a well defined relationship between the number of control channel elements and the number of candidate control channels. Using a tree with three levels the number of candidate control channels can be expressed as
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n is the number of control elements and the second term is a correction term for the case when n is not divisible by four. The expression is bounded by 2n.
Given the bandwidth and number of control channel elements the UE can always calculate the number of control channel candidates and their positions. 
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Figure 1.  Example of control channel elements and the control channel candidates
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Figure 2. Corresponding tree structures
3
Conclusion
This contribution proposes a logical and efficient way of aggregating control channels from the control channel elements. The solution makes possible the use of control channels of different formats and narrows down the number of candidate channels to a level which is more acceptable for blind detection. An example with three code rates or formats is shown as an example.
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Control channel candidate set 





Control channel candidates on which the UE attempts to decode the information �(10 decoding attempts in this example)
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� EMBED Equation.3  ���
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CCH candidates 1-6
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CCH candidate 10
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