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1. Introduction
At the RAN1#82 meeting, RAN1 reached following agreements/conclusions [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 discuss remaining DL control signalling aspects described above for Rel.13 CA. 
2. Discussions
Number of blind decoding attempts

For LTE CA operation, the number of UE-specific search space (USS) blind decoding attempts linearly increases with the number of  activated CCs. Therefore, total blind decoding number for a Rel. 13 CA UE could be quite large for supporting a large number of aggregated CCs. In general, it is natural to assume that a UE capable of receiving on a very large number of CCs simultaneously has a baseband capability that can also perform blind decoding attempts for the CCs. However, as long as these CCs are activated, the UE is required to perform blind decoding attempts continuously and hence, energy consumption and false positive detection could be considered as potential concerns.

As a mean to realize UE battery saving, CC activation/deactivation has been supported from Rel. 10. Assuming that the eNB efficiently utilizes the CC activation/deactivation mechanism based on, e.g., UE’s traffic demand, the issues of UE energy consumption and false positive detection could be alleviated. On the other hand, if it is assumed that the CCs are always activated, other solution would be desirable.

When a large number of CCs (e.g., 32) are configured for a UE, there must be higher-frequency band(s) including unlicensed band. Because of the frequency characteristic and transmit power limitation, these carriers do not support wide coverage. Therefore, it can be said that the number of scheduled UEs per subframe on these carriers is much smaller. Therefore, if the number of blind decoding attempts is still a serious concern, it seems to be possible to limit/reduce the required number of blind decoding attempts on particular CCs, e.g., unlicensed CCs. It is necessary to keep the blind decoding number for other CCs since, e.g., the licensed band is important to provide connectivity/coverage for many UEs. Several methods can be considered on supporting reduction of blind decoding number for particular  CCs. 
· Specify new set of blind decoding numbers for aggregation levels for particular CCs
For example, instead of (6, 6, 2, 2), (3, 3, 1, 1) can be defined as the set of blind decoding numbers for AL=1, 2, 4, 8 on PDCCH UE-specific search space of unlicensed CCs. However, a UE may be configured with Rel. 13 CA with smaller number of such CCs. In this case, the effect of blind decoding number reduction is not significant, while the negative impact of blind decoding number reduction on the CCs still holds. Furthermore, whether to reduce the blind decoding number in case of cross-carrier scheduling needs to be considered as well. For example, in the case of cross-carrier scheduling, the same (E)PDCCH is shared by multiple DCIs (either from the same UE or different UEs). There may be the case that different UEs sharing the same (E)PDCCH perform different numbers of blind decoding attempts, or even within the same UE, the numbers are different depending on which CC the (E)PDCCH cross-carrier schedules. In this case, the (E)PDCCH blocking probability could not be equal between UEs or CCs, and its difference depends on (E)PDCCH scheduling orders. Therefore, additional (E)PDCCH handling becomes necessary so that the blocking probability of (E)PDCCH is kept sufficiently low. 
· Configure reduced blind decoding number for particular CCs
This method is to configure the reduced blind decoding trials for particular CCs for a UE. It is more flexible than Alt. 1. However, the issue of (E)PDCCH blocking in case of cross-carrier scheduling still exists for this method. Moreover, even for self-scheduling, since the number of blind decodings could be different between UEs, the blocking probability could be impacted. 

Assuming the blind decoding reduction is introduced, the reduced candidate number for each aggregation level (AL) also needs further discussion. For example, whether we can reduce the blind decoding number of AL=4/8 from 2 to 1, or we should only consider the blind decoding reduction for AL=1/2. More details need to be discussed for this issue. 
Even though this issue has been discussed for several meetings, it is still not clear how much critical the linear increase of the blind decoding number is. The impact of CC activation/deactivation should also be investigated further. Considering limited time-frame of Rel.13, it is better to focus on UL control aspects, which has clearly critical to complete the WI. DL related aspects can be discussed once UL control aspects are completed and if it is still considered to be necessary. 
Proposal 1:

· Considering limited time for Rel.13 CA completion, RAN1 should focus on UL related aspects, and DL related aspects can be discussed after UL control aspects are completed if it is still considered to be necessary.
False detection of DL grants
With the increase of blind decoding numbers, the possibility of false detection of PDCCH/EPDCCH increases accordingly. As discussed before, the problem is severer for false detection of DL grant. Because when a UE falsely detects a DL grant, it will try to decode corresponding PDSCH and feedback NACK on PUCCH due to decoding error. Then the unnecessary PUCCH transmission will happen and will cause interference to other UEs. Potential solutions to reduce the false detection probability are listed below. 
· Alt. 1: Increase CRC size

Increasing the CRC size from 16 bits to 24 bits would reduce the possibility of false detection. However, it would increase the (E)PDCCH overhead. Therefore, it is desirable to keep the CRC size of at least (E)PDCCH transmitted on particular CCs (e.g., licensed CCs).
· Alt. 2: Distribute PUCCH resources
Distributing PUCCH resources among different group of UEs can be seen as an eNB implementation based solution. For example, PUCCH resource collision problem can be resolved by allocating PUCCH resources among UEs within a serving cell or across serving cells. However, lots of PUCCH resources should be reserved in this method.
· Alt. 3: Using PUCCH on SCell
In Rel. 13 CA, PUCCH on SCell is supported. By configuring the PUCCH on SCell for a UE, the PUCCH transmission within a UE is split into two serving cells, which results in reducing the PUCCH false transmission probability on one UL serving cell. In case of CA scenario 4 with PUCCH on SCell operation, it is desirable to configure large number of CCs in a secondary PUCCH cell-group, and to configure one of the small cells as the secondary PUCCH cell. In this case, false PUCCH transmission is a problem only on the secondary PUCCH cell. However, since the number of UEs in the small cell is small, its impact could be much alleviated.
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· Alt. 4: Frequently add(activate)/remove(de-activate) the SCell(s) 
This method can reduce the impact of false positive detections by frequently adding/removing or activating/de-activating the SCell(s) depending on the data traffic, and thus reduce the PUCCH collision probability. The signaling overhead could be a concern.
· Alt. 5: Drop PUCCH transmission

In this method, UE does not transmit PUCCH in some cases, which reduce the PUCCH collision probability. For example, UE could drop PUCCH transmission when fail to decode PDSCH on some Scell(s). However, it is still not clear in what condition the UE shall drop the PUCCH transmissions, how much useful such PUCCH dropping is, and whether or not the PUCCH dropping has an impact to DL throughput. 
· Alt. 6: Reduce the blind decoding number for unlicensed CCs

Since false detection probability increases as the blind decoding number increases, reducing the blind decoding number can relax the false detection issue. The possible methods and problems brought by reducing the blind decoding number for unlicensed CCs have been discussed above.
Among above potential solutions, Alts. 2 and 4 are existing mechanisms, while Alt. 3 will be introduced in Rel. 13. If the blind decoding number reduction on particular CCs is considered to be necessary, Alt. 6 could also be investigated. Since the Rel. 13 time-frame is quite limited, it is suggested here that specific solutions for false positive detection issue will not be discussed in Rel. 13. 
Proposal 2:

· RAN1 will not discuss specific solutions for false positive detection issue in Rel. 13.
3. Conclusion
In this contribution, we discussed remaining FFS aspects regarding DL control signaling enhancements and we proposed the following: 
Proposal 1:

· Considering limited time for Rel.13 CA completion, RAN1 should focus on UL related aspects, and DL related aspects can be discussed after UL control aspects are completed if it is still considered to be necessary.
Proposal 2:

· RAN1 will not discuss specific solutions for false positive detection issue in Rel. 13.
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