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1. Introduction 
Following up the various contributions submitted on this topic of carrier aggregation, discussion by email has been proposed on the following main possibilities for PDCCH transmission: 

1. Separate PDCCH for each component carrier (CC) where either:
        1a. One PDCCH indicates an allocation on the same CC, or:
        1b. One PDCCH indicates an allocation on the same or a different CC

2. One common PDCCH where the information for the component carriers assigned to one UE is jointly encoded and where either:
        2a. The DCI format size is dynamically changed according to the number of CCs assigned, or:
        2b. The DCI format size is semi-statically fixed according to the number of CCs the UE is monitoring
Some aspects of these different options are considered below.   
2. Discussion 
Support for High Data Rates: One of the major motivations for carrier aggregation is to increase the peak bit rate available to UEs (both in UL and DL). This would allow transmission of higher data rates than would be possible in Release 8. Under current assumptions for LTE-Advanced this would be achieved with multiple transport blocks, one for each CC. According to the possibilities above, this could be signalled using one PDCCH per CC (Option 1), or a single PDCCH carrying information for each of the CCs (Option 2). There would be some efficiency gain from joint coding , but under the assumption of independent resource allocations, MCS, number of layers and transport block sizes for each CC, the total DCI payload size would be similar in both cases. The may be some possibilities for common fields (e.g. CRC, HARQ process ID) and some reduction in DCI payload might be achived by assuming similar channel conditions on each CC and restricting, for example, the number of layers and MCS to be the same. However, this would not necessarily be appropriate fror CCs in different frequency bands. 
Significant savings in overhead are proposed in [1] using Option 2, but these come at the price of much coarser granularity for resource allocation, limiting the scheduling flexibility. If coarser resource allocation granularity was considered acceptable, then similar saving could be achived by introducing this in one (or two) new DCI format(s) under Option1. Therefore the scope for reducing the control channel overhead using Option 2 seems quite modest, as confirmed by the results in [2].

Using Option 1 or Option 2a, the PDCCH overhead depends on the number CCs actually assigned, whereas for Option 2b it depends on the number of CCs configured (even if fewer CCs are actualy alocated).  

Furthermore, for high data rates, the PDCCH signalling overhead does not use a significant fraction of the system resources compared with the size of the corresponding PDSCH or PUSCH. Therefore under the assumptions considered in this section there seems to be no significant advantage for Option 2, and as noted in [3], a significant disadvantage in terms of the additional DCI formats needed (e.g. for each possible aggregation combination in terms of number of CCs and different bandwidths).
Frequency Diversity: Carrier aggregation might also be used to provide additional frequency diversity, for example, where accurate CSI is not available such as at high UE speeds. If the frequency diversity available within one CC is not sufficient, then distributing data across several carriers could be advantageous. In this case it may also be reasonable to transmit one or more transport blocks distributed in the frequency domain with some linked DCI information, such as the same MCS and number of transmission layers. For such scenarios Option 2 may be worth considering further, revisiting current assumptions if necessary.
PDCCH search space: If the PDCCH search space is confined to a single anchor carrier (from the UE perspective), then either Option 1b or Option 2 would automatically be required, in order to allocate resources on multiple carriers. This approach leads to low search complexity for the UE. However, such a restriction would probably limit scheduling flexibility and increase the chances of local overloading of PDCCH capacity, even if different UEs have different CCs as their anchor carrier. To improve scheduling flexibility the UE should search multiple CCs. In principle this would allow use of Option 1a. However, Option 1b or Option 2 would give more scheduling flexibility for a given search space size. Note that to indicate the particular CC, Option 1b would only require a few additional bits in the DCI format compared with Option 1a, although this approach could become more complicated if different CCs have different bandwidths.
 In order to avoid a large increase in blind decodings, the UE specific search space could be re-distributed across the CCs. For example, the search space on each CC could be set equal (or approximately equal) to the “Release 8 search space” divided by the number of configured CCs.  
Option 2a, while it reduces the PDCCH overhead compared with Option 2b, would result in significantly more blind decodings (e.g. one additional blind decoding for each possible number of CCs assigned).

Given the overall increase in processing complexity for a Release 10 UE, a modest increase in PDCCH blind decodings could be acceptable if it is necessary.  However, some further study to optimise search space design could be worthwhile.
Interaction with DRX: In Release 8 UE power saving is supported using DRX. A DRX cycle may be configured so that the UE receiver only needs to wake up periodically to check for PDCCH transmissions. When a PDCCH is received, the UE continuously monitors the PDCCH in successive subframes until a timeout. The same principle can be applied for carrier aggregation, and extended to cover the additional CCs. For example when in DRX, the UE could be allowed to only monitor PDCCH on the anchor carrier (perhaps with the full Release 8 search space). As soon as a PDDCH is received, then the UE would monitor all the CCs in subsequent subframes, until the DRX timeout expired. 
Alternatively a reasonable UE implementation might activate receiver processing for all the configured CCs when the PDCCH is to be monitored. In this case it would be possible to carry out blind decoding of multiple PDCCHs on all the CCs. Further study would be needed to determine which option (or related variations) should be specified.   
3. Conclusion
From the above discussion we conclude the following for multiple CCs:

· Reductions in the total PDCCH overhead can be mainly achieved by courser granularity in resource allocation. This could be introduced in both Option1 and Option 2.

· Option 2 would require many additional DCI formats (e.g. to cover various carrier aggregation possibilities, in terms of numbers of CCs and different bandwidths).

· Options 1b and 2 offer the greatest scheduling flexibility, allowing most efficient use of PDCCH resources.

· DRX can be extended to allow the UE to monitor only the PDCCHs on the anchor carrier until a PDCCH is received, reducing power consumption, and unnecessary blind decodings. 
On the basis of its scheduling flexibility and ease of standardisation, we favour Option1b: A Separate PDCCH for each component carrier which indicates an allocation on the same or a different CC.
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