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Introduction
In RAN1#80bis, potential issues related to false detection of DCI were analyzed in several contributions ([1]-[4]). A common conclusion from these contributions is that the most severe issue caused by false detection of DCI with increased number of downlink carriers is the increase of spurious PUCCH transmissions. The extent of the problem may thus be dependent on the design of PUCCH (or HARQ-ACK reporting) for up to 32 carriers. Several possible solutions were also discussed, including the introduction of joint assignments and increasing the size of the CRC.
In this contribution we further review and analyze solutions already discussed in RAN1#80bis and consider additional alternatives. In our view, solutions to the problem of DCI false detection should not be considered in isolation from other design aspects related to HARQ-ACK reporting.
Analysis of mitigation approaches
The probability of a DCI false detection can be expressed as:
PSP = 1 – (1 – 2-K) N  N 2-K where 2-K is the probability of false detection by blind decoding attempt and N is the number of blind decoding attempts (from all UE’s) that may result in a false detection considering e.g. SNR conditions. Therefore, generally speaking mitigation of the DCI false detection problem can be addressed by (a) reducing the probability 2-K per blind decoding attempt and/or (b) reducing the number N of blind decoding attempts. Solutions using either approach are discussed in the following.
Reducing probability of false detection per blind decoding attempt
The probability per blind decoding attempt can be expressed as 2-K where K is the number of bits whose value can be used to determine validity. In case fields of the payload can be set to any value, K corresponds to the CRC size.
Increasing CRC size
One straightforward solution is therefore to increase the CRC size such that the desired level of reduction is achieved. For example, increasing the CRC size from 16 bits to 24 bits would yield a reduction by a factor of 256. The main drawback of this solution, of course, is that increasing the DCI size increases overhead of DL control signaling.
Introduction of additional field(s) in DCI
One possible alternative to increasing the CRC size could be to introduce an additional field(s) in the DCI for which only certain values are valid in conditions under which false detection is likely to create an issue. More specifically, if a field such as DAI or codebook/format indicator is introduced (or made larger), it may be constrained to a specific value in case a single DL assignment (triggering a spurious PUCCH transmission) would be received. The amount of reduction would essentially correspond to the size of the additional field. This solution has essentially the same drawback as an increase of the CRC size, i.e. increased overhead, but with the benefit of providing additional information.
Introduction of DCI for PUCCH scheduling 
The probability of experiencing 2 false DCI decoding events in the same subframe is extremely low, i.e. 2-2K. Based on this observation, one possible solution could be to require successful decoding of at least two DCI’s for allowing the transmission of PUCCH. One DCI could provide only information related to HARQ-ACK feedback or PUCCH, separately from other DCI(s) containing downlink scheduling information. The details of this information could be discussed further, but could include for example codebook information, resource allocation or PUCCH format indication. This would increase network control of UL resources used for HARQ-ACK feedback. Decoding of such “PUCCH scheduling DCI” could be attempted only in a configured subset of carriers or search spaces.
The main advantage of this solution is that it does not require any change to existing DCI formats for downlink assignments, at the cost of introducing a new DCI format for the PUCCH scheduling DCI. As the relative increase of overhead can be high when PDSCH is scheduled on a small number of carriers, the requirement of decoding the PUCCH scheduling DCI could be relaxed when downlink assignments are decoded within a certain group of carriers, allowing for efficient scheduling of smaller amounts of data without significantly increasing false detection probability.
Reducing number of blind decoding attempts
Multi-cell assignments
The number of blind decoding attempts can be reduced by scheduling more than one carrier from a single DCI, within configured groups of carriers. This solution has the benefit of allowing more efficient utilization of PDCCH/E-PDCCH resources especially if some scheduling information can be compressed, such as resource block allocations across multiple carriers. At the same time, such compression could somewhat reduce scheduling flexibility or efficiency especially when small amounts of data need to be scheduled. To address this issue, a group of carriers could be configured to support normal single-cell assignments only. Another possibility is to design the resource allocation field of a multi-cell assignment such that detailed RB allocation information is still available for at least one of the carriers.
Search space alignment
When cross-carrier scheduling is configured within a group of carriers, DCI’s containing scheduling information for different carriers can be identified by the CIF field such that PDCCH or E-PDCCH decoding for the group could be attempted over the same search space. This solution reduces the number of blind decoding attempts but also removes a DCI validation possibility since the CIF can no longer be used to identify an invalid DCI. Thus the net benefit on reducing false detection is unclear. Similar to the multi-cell assignment solution, this solution improves resource utilization of PDCCH/E-PDCCH at the expense of scheduling flexibility due to the increased probability of blocking.
Summary
The following Table summarizes the benefits and drawbacks identified for each identified solution.
	Solution
	Benefits
	Drawbacks

	Increasing CRC size
	-Relatively straightforward from a specification effort perspective.
	-Inefficient use of resources when PDSCH is scheduled in large number of carriers, due to increased overhead of each DCI

	Introduction of additional field(s) with restriction in case of single DCI
	-Useful information can be conveyed in additional field (when more than 1 DCI is scheduled)
	-Inefficient use of resources when PDSCH is scheduled in large number of carriers, due to increased overhead of each DCI 
-Require modifying existing formats

	Introduction of DCI for PUCCH scheduling
	-Useful information can be conveyed in supporting DCI (e.g. PUCCH resource allocation, codebook or format indication)
-No change required to existing DCI formats
-Efficient for scheduling PDSCH in large number of carriers in terms of relative additional overhead
	-Require definition of new format
-May require additional blind decodes in one carrier

	Introduction of multi-cell assignment
	-Most resource efficient for scheduling PDSCH in large number of carriers
-Reduce blind decoding complexity
	-Require definition of new formats
-May reduce scheduler flexibility depending on how control information is compressed

	Search space alignment 
	-Efficient use of resources in case of cross-carrier scheduling
	-Not applicable to self scheduling
-Unclear if there is a reduction of false detections
-May reduce scheduler flexibility due to increased blocking




We envision that a UE configured with a large number of carriers (i.e. 32) is also likely to receive PDSCH (or transmit PUSCH) on a large number of carriers in subframes when it is scheduled. Otherwise, there would be little justification for introducing the feature. Considering this, our view is that the design of downlink control signaling should aim for efficient use of PDCCH/E-PDCCH resources when the UE is scheduled on a large number of carriers. Looking at the table, the 3 last solutions (DCI for PUCCH scheduling, multi-cell assignment and search space alignment) would satisfy this criterion. However, the latter is not preferred as it does not provide reduction of false detection for the case of self-scheduling and it is unclear that it provides a reduction even for the case of cross-carrier scheduling.
Therefore, we view two solutions (DCI for PUCCH scheduling and multi-cell assignment) as potentially attractive candidates. If scheduling flexibility and/or the complexity associated with defining several new DCI formats are strong concerns, we think that the introduction of a single new DCI format may offer robust and efficient operation at little complexity cost. Another aspect to consider is that additional downlink control signaling (such as DAI, codebook or format indicator) may be useful or required to support operation with a large capacity PUCCH format. For this reason we think that the decision on the solution for mitigating DCI false detections should not be considered in isolation from  design aspects of related to UCI transmission, in particular HARQ-ACK reporting.
Proposal: Consider adoption of one of the following solutions for mitigation of DCI false detection problem, together with the design of HARQ-ACK reporting:
· Introduction of multi-cell assignments
· Introduction of new DCI containing PUCCH scheduling information 
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