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1. Introduction

In [1], comparative analysis of common and separate PDCCH structure for carrier aggregation was presented.  Based on the analysis, it is seen that a common PDCCH can result in low number of blind decoding attempts and potentially large overhead reduction at the expense of eNB scheduling flexibility.   The loss of scheduling flexibility, however, may be minimized by careful design of the common PDCCH structure.  In this contribution, it is proposed to adopt a common PDCCH structure consisting of primary and secondary DCI.  Several possible common designs are then presented for consideration.
2. Common PDCCH Design
Some possible common PDCCH designs based on an anchor carrier are illustrated Figure 1. In general, two basic approaches have been presented –
· Single DCI of fixed or variable size.    A single DCI provides all the required scheduling information as illustrated in Figure 1 (i).
· Primary and secondary DCI [2-4].   In this case, the scheduling grant is generally composed of a primary fixed-size DCI and a variable-size secondary DCI.  Several possible design options are shown in Figure 1 (ii)-(iv).  In one design described in [2], the primary DCI contains carrier common information while the secondary DCI contains carrier specific information.  However, different partitioning of control information is also possible and should also be considered.
With a single fixed-size format, the DCI must be designed to always carry scheduling information for a specific number of carriers.  As shown in [1], a single fixed-size DCI provides saving in the number of blind decoding attempts but no significant overhead reduction.  Variable size DCI, on the other hand, can provide some overhead reduction but requires multiple DCI formats corresponding to the number of scheduled component carriers.  In general, the number of required blind decoding attempts with this method is very large and therefore this approach is generally not preferred.  However, UEs may be restricted to only certain DCI formats to reduce the number of blind decoding attempts at the cost of some spectral efficiency loss.
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Figure 1.  Possible Common PDCCH Design.
With primary and secondary DCI, control overhead can scale with the number of scheduled component carriers while the number of blind decoding attempts is kept low.  Overhead analysis in [1] showed that this approach has higher overhead than single fixed-sized DCI only when the maximum number of component carriers is scheduled.  On average, the average overhead may be reduced by 10-20%, resulting in substantial saving.  While performance may be slightly worse due to the need to correctly decode two control packets, this is not expected to be an issue if similar coding rate for the two control packets can be achieved.  In addition, because the DCI size is significantly larger, PDCCH blocking probability in the anchor carrier may increase substantially.  This may be alleviated through careful load balancing.  Therefore, it is recommended that a common PDCCH structure consisting of a primary and secondary DCI be adopted for carrier aggregation.
Recommendation:  Adopt primary and secondary DCI structure for carrier aggregation.
3. Primary and Secondary DCI
Primary and secondary DCI can be implemented using several possible design options as shown in Figure 1 including –

· Both primary and secondary DCI in the control region (Figure 1 (ii)).  Location of secondary DCI may be blindly determined by the UE or explicitly signaled in the primary DCI. Alternately, the secondary DCI can logically follow the primary DCI in the anchor carrier, requiring no explicit signalling of its location.  However, a large portion of the control region may be taken up due to the large number of contiguous CCEs required  As a result, PDCCH blocking probability in the anchor carrier will increase substantially and the eNB will have less scheduling flexibility.  Some performance loss may be incurred if PDCCH blocking becomes an issue. 
· As proposed in [4], the secondary DCI may be located in the control region of other carriers (Figure 1 (iii)) with its location signalled in the primary DCI or determined blindly by the UE  While this can alleviate PDCCH blocking, the disadvantages are - additional blind decoding and the need for UEs to scan for PDDCH on multiple component carriers as opposed to just the anchor carrier.
· As proposed in [3], primary DCI can be in the control region and secondary DCI can be in an extended control region (Figure 1 (iv))  An extended control region is defined in the PDSCH to handle the secondary control information.  The location of the secondary DCI may be implicitly or explicitly given in the primary DCI, or determined through blind decoding.  In this design, PDCCH blocking is not as issue.  However, since the extended control region is reserved in multiple of PDSCH PRBs, the additional overhead could be significant and problematic.  This is made worse if the resource allocation for the extended PDCCH region must also be signalled in the primary DCI.  Further, having control signaling in the 'PDSCH region'  will also impact UE's ability to maintain n+4 HARQ timing. as the UE must successfully decode the extended control prior to data decoding.
From the above, it is seen that several viable design options are possible, each with unique merits and drawbacks.  Further study is therefore necessary prior to selection of detailed structure.  
4. Conclusion
Common PDCCH can result in low number of blind decoding attempts and potentially large overhead reduction and should be the basis of PDCCH design for carrier aggregation.  In this contribution, it is recommended that a common PDCCH structure consisting of primary and secondary DCI be adopted.  Many options are available for a detailed design.  Determining a preferred option remains for further study.
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