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1 Introduction
The DL control signalling enhancement for CA beyond 5 CCs was discussed with the following agreements
Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
Agreements:
· No enhancements to Rel. 10 CA PHICH resources and related mapping is needed in Rel. 13 CA
· FFS: Whether to clarify of UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE
Agreement:
· No enhancement of eIMTA related signaling in Rel-13 
· No eIMTA enhancement for CA operation with more than 5 TDD frequency bands in Rel-13
In this contribution, we share our views on some remaining issues including potential solutions to reduce the false detection rate, mapping between the CIF and the serving cells and USS definition. In addition, multi-cc scheduling was discussed in a companion contribution [1]. 
2 Discussion
2.1 False detection rate and potential solutions
The false detection problem with a large number of CCs was studied in [2]
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[5]. It was observed that the false detection of (E)PDCCH is mainly problematic for downlink which may incur PUCCH resource collisions. Fundamentally, there is a tradeoff between the PUCCH resource collision probability and PUCCH overhead. If the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead, the false detection becomes a problem. In order to reduce the false detection probability, different solutions can be considered. 
The first alternative is to allocate more PUCCH resources. This alternative has no standardization impact at cost of increasing UL control signaling overhead. This becomes problematic when the system load is high and at the same time a large number of UEs are configured with the same primary carrier. However, this may be alleviated by configuring different primary carriers for different UEs or configuring PUCCH on SCell. 
The second alternative is to increase the CRC length of DCI in case false detection rate becomes severe, e.g. increase the CRC length from 16 to 24. This alternative is straight-forward but will have a larger impact to UE implementation. It should also be noted that one may need to increase the CRC length for both UL and DL DCI format to keep the same payload size. 
The third alternative is to introduce a scheduling indicator as proposed in [4]. The scheduling indicator can be used to inform the UE whether it is scheduled on a certain carrier or not. This alternative introduces some dependency between the scheduling indicator and the resource grants for each carrier, which may increase the processing delay at the UE. Moreover, the performance requirement needs to be more stringent than legacy (E)PDCCH.
The fourth alternative is to introduce multi-cc scheduling/joint grant where the scheduling information for all the configured carriers or a group of configured carriers for one UE is packed together. This alternative could effectively reduce the total number of blind decoding attempts hence lower the false detection rate. Despite of the benefit from false detection rate perspective, it needs to be carefully studied especially when it is applied to unlicensed carriers. More detailed analysis can be found in [1].
Comparing the above alternatives, it can be observed that alternatives 3 and alternative 4 clearly need to be studied further on both detailed design and system impact while the second alternative is the most effective method despite the impacts on UE implementation. 

Proposal 1: Increase the CRC length if the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead.
2.2 Mapping between CIF and serving cells
It was agreed that the 3-bits CIF will be kept in Rel-13 CA. This esstially implies that one can schedule up to 8 CCs from one serving cell. The mapping between the CIF value and the serving cell needs to decided such that the UE could understand which CCs was scheduled upon receiving a (E)PDCCH. 
The first alternative is to introduce cell grouping such that cross-carrier scheduling can only be performed within each group. From signalling point of view, this can be done by configuring a group index for each serving cell. The current serving cell index range can be kept, i.e. 0-7. Cross-carrier scheduling can be done by configuring the scheduling serving cell index for each scheduled cell. The CIF value then corresponds to the serving cell within the same group. 
The second alternative is to extend the serving cell index range, i.e. 0-31, and introduce an additional CIF configuration for each scheduled serving cell. By doing so, each scheduled cell is explicitly configured with a scheduling serving cell index and a CIF value which will be used in (E)PDCCH.
The third alternative is to extend the serving cell index range, i.e. 0-31, but rely on some implicit mapping between CIF value and the scheduled serving cell index instead of explicit configuration as in the second alternative. The UE could implicitly map the CIF and the serving cell index in a predefined order, e.g. in an ascending order. 
Based on the above analysis, the third alternative is preferred due to its simplicity. 
Proposal 2: The CIF is implicitly mapped to the ServingCellID in an ascending order.
2.3 USS definition
As the 3 bits CIF was agreed for Rel-13 CA, the number of schedulable serving cells from one carrier is limited to 8. Therefore, the USS can be determined by the CIF without causing serious problem to (E)PDCCH capability as well as blocking. Alternatively, the USS can be explicitly configurable so that different carriers could share the same search space [6]. The benefit of this alternative is that the number of blind decoding attempts can be saved but at the same time the blocking probability is also increased and the scheduling flexibility is decreased. Therefore, it is preferable to reuse Rel-12 USS definition also for Rel-13.
Proposal 3: Rel-12 USS definition is reused for up to 32 CCs.
3 Conclusions

In this contribution, we discussed some remaining issues related to the DL control signalling enhancements. Based on the discussion, we have the following proposals
Proposal 1: Increase the CRC length if the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead.
Proposal 2: The CIF is implicitly mapped to the ServingCellID in an ascending order.
Proposal 3: Rel-12 USS definition is reused for up to 32 CCs. 
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