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Introduction
During RAN1#82 meeting, the following agreements and observations are reached on the enhancements of DL control signalling for CA of up to 32 CCs [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


It is noted that Topic 3 and 4 are mostly related to UE processing capability and/or UE category discussion. The necessity of discussing / handling of these two topics at this stage are perhaps low as it is best to resolve these aspects as part of UE category/capability discussion at the end of Release 13. To this end, in this contribution, we provide our views on the other topics (Topic 1 and 2).
Discussion
Topic 1: Increase in the number of blind decodes for a large number of CCs
The main motivation/concern relating to this item is about dramatically increase in number of blind decodes that a UE needs to perform when the number of carriers in CA is increased from 5 to 32 CCs. Currently, the total number of blind decodes within a subframe that a UE shall support grows linearly proportional to the number of supported/configured CCs. E.g. 12+5*32=172 blind decodes (without UL-MIMO) when 5 CCs are configured. For 32 CCs, total number of blind decodes increases to 1036. With this, processing complexity and power consumption will be seriously impacted for UEs that are going to support large number of CA carriers in the future.
In [2-5], different solutions to minimize this potentially high UE processing complexity requirement are proposed. Most of them centric around the use of a joint/multi-CC grant to reduce total number of blind decode. Since the joint grants solution can no longer be considered (at least within Rel-13 eCA WI), other solutions include:
· Reducing number of candidates or blind decodes per CC, possibly via higher layer configuration [3, 4]. In this method, a subset of PDCCH aggregation levels and/or DCI formats/sizes that need to be monitored for a CC could be configured by the eNB based on some UE measurement. Although this approach may incur small specification impact, however, the standards effort to find a suitable UE measurement in order to determine the final aggregation level could still be large since the existing RSRP measurement does not take into account of interference and CQI reports are estimated for the data portion only.
· Similar to multi-CC scheduling (using joint grant), the use of multi-subframe scheduling to reduce the amount of blind decodes over the time domain is proposed [4]. Although the exact mechanism not described, it is envisioned that a new multi-subframe DCI format containing at least number of applicable subframes, and possibly different MCS and RB resources would be needed. And thus, very similar to multi-CC scheduling (joint grant) discussion, significant standards effort and specification impact should be carried out in order to introduce this new feature.
· CC indication bitmap to indicate the exact CC(s) being scheduled within a given subframe [4, 5]. By decoding the bitmap first, UE will only need to perform blind decoding on limited number of carriers where it is actually scheduled in a subframe to achieve saving in UE processing complexity and power consumption. For this method, a new DCI format will be needed and it can be transmitted on multiple carriers configurable by eNB to improve reception reliability.
Observation 1: If total number of blind decodes for a UE needs to be enhanced for Rel-13 CA up to 32 cells, the CC indication bitmap method described in [4][5] seems to be the simplest approach with least standards effort and spec impact.
Topic 2: Effect of false positive detection of DL grants
The main motivation/concern relating to this item is about the increased probability that UE may falsely detect one or more DL grant(s) within a subframe when the number of carriers in CA is increased from 5 to 32 CCs and no scheduling DCI was actually sent. The resultant consequence is unwanted spurious PUCCH transmission in the uplink and thus creating interference to other UEs’ signals. In [6-9], several potential solutions for mitigating this false detection of assignment in the downlink are proposed / discussed.
· Search space sharing [6,8]: By configuring overlapping search spaces for multiple CCs, the number of BD attempts could be reduced and thus reducing the probability of false detection of scheduling grants. For example, when the search space of two CCs is complete overlapped, the number of BD attempts is the same as just one CC. However, due to the overlapping of search spaces, blocking probability of BD candidates between multiple CCs would increase as a side effect. Additionally, this would also lead to reduction in scheduling flexibility.
· [bookmark: _GoBack]Increasing CRC size or inclusion of virtual CRC [6, 7, 9]: Currently, size of 16-bit CRC is attached to DCI before channel encoding to allow error detection at the receiver. Generally, the longer the CRC size, the better the performance or less chance of false detection. It has been reported [7], the false detection rate could drop significantly by a factor of 256 if CRC length is increased to 24-bit. This, however, would incur additional overhead in DCI and change in DCI format size. If the ambiguity of DCI format size used by eNB within a subframe can be resolved, e.g. 24-bit CRC is always used when more than 5 CCs are configured for a UE, this option is very simple and attractive in terms of specification impact. If virtual CRC is selected, this could be applied quite easily to any new DCI format that may be introduced in this WI and the existing 16-bit CRC can remain unchanged.
· No PUCCH transmission with configurable NACK detection threshold X [9]: By UE detecting only a small number of DL grants in (E)PDCCH and all of which resulting in PDSCH decoding failure, the UE is refrained from transmitting PUCCH (carrying only ‘NACK’) to the eNB. And thus, not creating spurious PUCCH interference to other UE’s PUCCH transmission if DL grants are falsely detected. For the case when DL grants are not falsely detected and UE not transmitting PUCCH with all ‘NACK’, eNB would still retransmit same TB(s) to the UE in the following DL opportunity in the same way as it had received all ‘NACK’ PUCCH. With minor specification impacts of configuration of threshold X (36.331) and a short description of UE behaviour when X is configured (36.213), we consider this solution approach is quite feasible and expect it to be effective as well.
· Reducing number of blind decodes
· as a function of number of supported/configured CCs [9]: As shown in [9], false positive detection probability can be reduced from 11% to 2.9% when the total number of BDs per UE is dropped by 75%. However, in order to limit the number of BDs per UE, certain aggregation levels may be omitted by configuration. This in turns limit the scheduling flexibility.
· by CC indication bitmap [4, 5]: As described above (under Topic 1), a bitmap indicating the exact scheduled CCs in a subframe is provided to the UE in a new DCI. This in turn also have an effect of reducing false positive detection of scheduling grants in the DL. As also described above, this approach can be also combined with the virtual CRC approach, since a new DCI format will be needed.
· Increasing amount of PUCCH resources to reduce collisions [7, 9]: Extra PUCCH resources are additionally allocated by the eNB to reduce collision probability of unwanted PUCCH transmissions with other. Although this could be considered as an eNB implementation based solution (and thus no specification impact), we consider this is not a desirable solution approach to resolve this false detection problem as there is a limited capacity in the UL and this cannot completely resolve the issue.
Observation 2: Based on above discussions, the following solution approaches to resolve the effect of false positive detection of DL grants are considered to be feasible:
· Increasing CRC size or inclusion of virtual CRC
· No PUCCH transmission with configurable NACK detection threshold X
· Reducing number of blind decodes by CC indication bitmap
Conclusion
In this contribution, we have discussed two topics relating to DL control signalling enhancements for CA up to 32 CCs. For the topic of “Increase in the number of blind decodes for a large number of CCs”, we make the following observation:
Observation 1: If total number of blind decodes for a UE needs to be enhanced for Rel-13 CA up to 32 cells, the CC indication bitmap method described in [4][5] seems to be the simplest approach with least standards effort and spec impact.
For the topic of “Effect of false positive detection of DL grants”, we make the following observation:
Observation 2: Based on above discussions, the following solution approaches to resolve the effect of false positive detection of DL grants are considered to be feasible:
· Increasing CRC size or inclusion of virtual CRC
· No PUCCH transmission with configurable NACK detection threshold X
· Reducing number of blind decodes by CC indication bitmap
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