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1 Introduction
Several contributions to RAN1#80bis and RAN1#81 [e.g. 1-12] have identified false detection of DL assignments as a potential issue for CA when up to 32 CCs are configured. The most serious consequence of such a false detection would be an unexpected transmission of HARQ ACKs on PUCCH, potentially colliding with PUCCH from other UEs. In this contribution this problem is analysed further and some potential solutions discussed.  
2 Discussion
When UEs are configured with up to 32 CCs some inter-related issues have been identified with DL control signalling, such as:

· Congestion of the search space in the case of cross-carrier scheduling

· UE processing load for blind decoding

· False detection of UL grants 

· False detection of DL assignments

This contribution focusses on false detection of DL assignments, which has been identified as a more significant issue than false detection of UL grants [2]. Other contributions have looked more closely at the resulting PUCCH collisions e.g. [7]. 
Main scenario currently envisaged where a very large number of carriers might be configured is LAA. However, because of the contention for resources in unlicensed spectrum, it may be that the maximum number of CCs for which simultaneous PDSCH reception would typically be required could be rather less than 32. However, for fast carrier selection in the unlicensed spectrum, and avoiding interference, the full 32 carriers might usefully be activated for a UE.
To maintain false detection rates for 32 CCs at or below what is achievable in Rel-12 with 5 CCs, the false detection probability per CC would need to be reduced by a factor of about 6.  However, it should be considered whether further reduction would be desirable, particularly if easily achievable. 
In general if CA is used to increase the peak data rate from a UE perspective, then a large number of carriers would need to be activated when there is any large DL data file to be sent, and many carriers would be scheduled with PDSCH simultaneously.  At other times, when there is little or no user data, there would be very few DL packets scheduled to the UE, and the Scell carriers might even be deactivated. Probably there would be a certain amount of background traffic on PCell or one of the Scells. This means that CA for up to 32CCs should be designed with the following key cases in mind:

•
Up to 32 CCs configured but not activated, some PDSCHs on PCell only

•
Up to 32 CCs activated, high traffic to the UE, with PDSCHs scheduled on many CCs simultaneously

•
Up to 32 CCs activated, low traffic to the UE, with just a few PDSCHs occasionally scheduled on the PCell and perhaps an Scell

Considering the impact of false DL control channel detections, the most interesting and significant case would be when many CCs have been activated, but there is little or no DL traffic. Then the typical error case would be when the UE sends a PUCCH with only NACKs, when there are no DL assignments actually transmitted, but one is falsely detected at the UE. Potential solutions should be evaluated with this case in mind.  
3 Possible solutions
Some solutions to reduce the false detection probability or mitigate the effects of false detection have already been suggested or proposed in RAN1:-
1. Increase CRC length (e.g. to 24 bits) [1]

· This would reduce the false detection probability significantly (e.g. by a factor of 256).

· If applied to existing DCI formats, this would result in new format sizes, it would need to be confirmed that DCI confusion is sufficiently unlikely  

2. Reduce PUCCH collisions (e.g. Increase PUCCH resources) [1]

· Increasing PUCCH resources may not be desirable, particular on the Pcell, where uplink capacity may be an issue. 

3. Multi-cell DL assignments/joint grants [3,4,5]

· This would reduce the number of false detections in proportion to the number of CCs scheduled per DCI 

· Proponents suggest that such techniques can reduce the number of blind decoding candidates that a UE would need to process. However, it is likely that the DCI payload sizes would need to scale approximately in line with the number of CCs scheduled per grant.  Therefore the total amount of blind decoding processing carried out by the UE may not be significantly reduced, unless the effective DCI payload per CC can be greatly reduced.  

4. Reduce number of blind decoding candidates [6] (e.g. number of candidates in combination with different aggregation levels) 
· This would certainly reduce the UE processing required for blind decoding 

· Scheduling flexibility would be reduced, which could be problematic since congestion of the search space has been identified as a potential issue.
· Only a small improvement in false detection probability is likely to be feasible using this approach (e.g. a factor of 2). 

5. Reduce the UL HARQ-ACK payload by reducing the number of bits for non-scheduled cells/subframes [8] 

· This approach would reduce the probability of a PUCCH collision, provided the PUCCH resources could be reduced in line with the number of payload bits

· One option would be the use of multiple instances PUCCH format 3 up to the maximum required payload. This could reduce the impact of a PUCCH collision, since only one instance of PUCCH format 3 is likely to be affected.  

6. Reduce the UL HARQ-ACK payload by HARQ-ACK bundling [ 8]

· This approach would reduce the payload size and potentially the probability of PUCCH collisions, for a given amount of PUCCH resource. 
Other possibilities for mitigating the false detection problem include:
7. Creating virtual CRC bits in DL DCIs (e.g. by imposing coarser resource granularity)

· This could be combined with multi-cell assignments

8. Requiring detection of more than one DL assignment before sending PUCCH containing only NACKs
· This would have no impact when multiple CCs are used with high data rates, but would greatly reduce the impact of false detections with low traffic to the UE.
· In the case of a genuine single DL assignment, which would otherwise result in sending NACK(s), the eNB would have a reasonable chance of correctly identifying DTX on PUCCH.    

9. Requiring reception of grant for an UL resource before sending HARQ-ACK with only NACKs

· Only a small resource would be needed. This approach could be used to ensure that UCI is sent on PUSCH, rather  than PUCCH 
4 Conclusions

Based on the above discussion we make the following observations:

· Considering the impact of false DL control channel detections, the most significant case would be when there are many UEs for which a number of CCs have been activated, but there is little or no DL traffic to most of those UEs. Potential solutions should be evaluated with this case in mind.  

In addition we propose the following conclusions:-
· Increasing the CRC length to 24bits would be an effective solution to the false detection problem, but at the cost of introducing new DCI format sizes, and additional DCI overhead. 
· Other methods for mitigation false detections, but with less complexity, overhead and specification impact than extended CRC should also be considered.
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