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Introduction
In the RAN1#82 meeting, the following agreements and conclusions were made for DL control signalling in Rel. 13 CA [1].
	Agreements:
· No support of joint grants in Rel. 13 eCA
· This does not prevent further discussions and specification of other DL control enhancements solving issues like false alarm, number of blind decodes etc.

	Conclusions:
· Treat necessary changes to DL control (specifically DCI content & size) due to UL control enhancements as part of the UL control enhancement investigations 
· Following DL control enhancements have been potentially identified in Rel. 13 eCA
· Topic 1: Increase in the number of blind decodes for a large number of CCs
· Topic 2: Effect of false positive detection of DL grants 
· Following other enhancement have been potentially identified in Rel. 13 eCA
· Topic 3: UE soft-buffer management for the increased number of aggregated carriers
· Following CA enhancement have been identified with lower priority in Rel. 13 eCA
· Topic 4: Increase in the number of carriers for EPDCCH monitoring
· Note that Dynamic Carrier Selection will be discussed in LAA


In this contribution, we share our views on potential enhancements to DL control signalling.
Discussions
Rel. 13 CA enhancement can support up to 32 CCs for DL transmissions. According to current Rel. 12 UEs, 44 instances of blind decoding per CC and 172 instances of blind decoding for 5 aggregated CCs should be supported for PDCCH when UL MIMO is not configured. Scaling this up to support up to 32 CCs would bring a huge complexity increase on the UE side if 12 (CSS) + 32*(44-12) (USS) = 1036 instances of blind decoding are required at each UE for PDCCH/EPDCCH decoding. 
Furthermore, with increased number of blind decoding, the possibility of false detection of PDCCH/EPDCCH will also be increased dramatically. When a UE detects a false DL grant from PDCCH, it will try to decode the corresponding PDSCH. Of course the decoding will fail and UE may feedback NACK on PUCCH. Due to the false detection, the unnecessary PUCCH transmission will happen, which causes interference to other UEs. 
In previous meeting, joint grant was proposed as a solution of these issues [2]. However, the introduction of the joint grant was not agreed, since it has critical specification impact and less scheduling flexibility (i.e. link adaptation).
Therefore, to reduce the impact of the large number of blind decoding and high possibility of false detection, other solutions should be considered as discussed below. 
· Extended CRC Size
Increase of CRC size improves the robustness of the blind decoding on PDCCH/EPDCCH. For example, in case of 16 bits CRC, the possibility of false detection for 1036 times blind decoding is 1-(1-(1/2)^16)^1036=0.01568. On the other hand, by increasing the CRC size to 24 bits, the possibility can be reduced to 1-(1-(1/2)^24)^1036=0.00006175. Although this solution increases the overhead of PDCCH, it is one of the straightforward solutions to solve the issue effectively.
· Restricted the number of candidates for blind decoding
In the current system, the multiple aggregation levels and number of candidate structure for blind decoding are designed to maximize the flexibility of resource assignment for DCI as long as the robustness of PDCCH/EPDCCH is guaranteed. Another straightforward solution to overcome the false detection issue is to restrict the number of candidates so that the total number of blind decoding attempts is reduced. In other words, the UE configured with up to 32 CC for DL aggregation does not need to attempt all candidates to further reduce the required number of blind decoding. For example, if the UE needs a good channel condition to be configured with more than 5 CCs, the small number of large aggregation level candidates, such as 4 or 8 for PDCCH, may be sufficient. In this case, the other aggregation levels can be abandoned. These kinds of restrictions can be configured by higher layer signalling by eNB. By doing this, the actual blind decoding per cell will be reduced, and the possibility of false detection will be decreased. 
· Different PUCCH Resource
To solve the PUCCH resource collision issue due to the false detection, different PUCCH resources can be allocated to different groups of UEs [3]. In this scheme, much more PUCCH resources have to be reserved. Moreover, the probability of PUCCH transmission due to false detection of PDCCH cannot be reduced inherently. Therefore, this may not be a good approach.

Therefore, comparing the above solutions, the extended CRC and/or restricted candidate method should be applied to reduce the false detection when applying CA beyond 5 carriers. 
Proposal:
· RAN 1 is recommended to consider the following mechanisms to reduce the potential false detection during PDCCH/EPDCCH decoding:
· Extended CRC size
· Restricted the number of candidates for blind decoding

Conclusion
In this contribution, we share our further concerns related to the DL false detection on PDCCH/EPDCCH. One proposal is suggested to RAN1 as follows: 
Proposal:
· RAN 1 is recommended to consider the following mechanism to reduce the potential false detection during PDCCH/EPDCCH decoding:
· Extended CRC size
· Restricted the number of candidates for blind decoding
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