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1. Introduction

This contribution discusses DCI false detection with increasing number of DL cells in Rel-13 CA and also provides some potential methods for resolving this problem.

2. Discussion
2.1. Increase of DCI false detection in Rel-13 CA

As already known, the total number of (E)PDCCH blind decoding (BD) is increased linearly with the increased number of (configured/activated) DL cells. This means that if a large number of DL cells (up to 32) are configured/activated for Rel-13 CA, the false detection rate at the UE side will be increased linearly. For example, the false detection at the UE side can occur when the CRC check of (DL/UL) grant DCI passes even though the (DL/UL) grant DCI is not targeting that UE or there is no (DL/UL) grant DCI transmission (from the eNB side) targeting any UE. Here, the false detection probability (as described in [1] and [2]) is affected by several factors such as the number (M) of BD (per cell), the number (N) of configured/activated cells, the CRC length (C) for (DL/UL) grant DCI, etc. To be specific, the false detection probability generally increase as M and N increase, while it decreases as C is longer. Hereinafter, for easy explanation, the UE transmitting HARQ-ACK (in PUCCH) with the false detection of DL grant DCI is denoted as “unintended UE” and the UE transmitting HARQ-ACK (in PUCCH) with the correct decoding (or reception) of DL grant DCI is denoted as “intended UE”.
The main problem with the false detection is (intra-cell and/or inter-cell) collision between unintended and intended UEs’ HARQ-ACK transmissions in the same PUCCH resource(s) caused by false detection of DL grant DCI. Especially when new PUCCH format supporting large payload size (which may occupy large amount of UL resources) is used, the PUCCH performance loss caused by such a collision will be larger. This is because new PUCCH format transmission (with large payload/resource) from the unintended UE can be triggered even with a single false detection of DL grant DCI. On the other hand, in case of false detection on UL grant DCI, it may not be serious problem or there may be no difference from Rel-12 since the erroneous PUSCH transmission caused by the false detection of UL grant DCI for a cell has an impact only on other intended UEs’ PUSCH transmissions in the same cell. 
Observation 1: Increase of DCI false detection probability in Rel-13 CA with large number of carriers could be considered as a potential problem affecting system/UE performance.
Observation 2: Transmission of new PUCCH format with large payload/resource from the unintended UE by false detection of DL grant DCI could be considered as critical problem.
2.2. Potential solutions for handling of DCI false detection

In order to reduce probability of DCI false detection and mitigate the negative impact from DCI false detection, following solutions can be considered according to whether reduction of (E)PDCCH BD number is accompanied or not. 
· Without BD reduction 

· Atl1-1: Increase of CRC length
With this method, the DCI false detection probability can be simply decreased at the cost of DCI overhead. Here, it also needs to consider the aspects of increased code rate which will affect the determination of (minimum) (E)CCE aggregation level to support reliable (DL/UL) grant DCI transmission with increased CRC length.

· Atl1-2: No PUCCH transmission
With this method, the erroneous PUCCH transmission (from unintended UE) can be reduced. To be specific, the UE doesn’t transmit PUCCH when the predefined condition is satisfied. For example, it can be defined that the UE doesn’t transmit PUCCH when it receives a single DL grant for a certain cell under the assumption that the false detection probability that more than one DL grants are falsely detected is very low. However, this alternative may induce scheduling restriction in eNB side. 
· Atl1-3: Increase of ARI bits
According to [2], the collision of explicit PUCCH resource (of intended and unintended UEs) can be reduced with this method. However, it is still unclear how much collision avoidance of explicit PUCCH resource (or interference randomization) can be achieved with limited PUCCH region, and how the relevant effect is expected.
· With BD reduction 

· Atl2-1: Multi-CC scheduling 
With this method [3], DCI false detection probability can be decreased by reducing the number of BDs, compared to the case with individual-CC scheduling. However, large standard impact may be expected for design of the multi-CC scheduling DCI and the relevant procedure.

· Atl2-2: Search space sharing 
With this method [3], the number of BDs can be reduced by configuring a shared UE-specific search space (denoted as “USS”) for multiple scheduled cells on a scheduling cell. To support this, it is required to intentionally overlap USS of multiple scheduled cells (regardless of CIF) and to fit DCI format size for the scheduled cells to a single same size for reducing BDs. However, this alternative has a limitation that it can be applied only when cross-CC scheduling is configured.

· Atl2-3: Pure BD reduction 
With this method [3], the number of BDs can be reduced by reducing the number of (E)PDCCH candidate used for scheduling, which may increase (E)PDCCH blocking probability and reduce scheduling flexibility in eNB side. 
Among the above alternatives, especially, Alt2-1 (multi-CC scheduling) and Alt2-2 (search space sharing) had been discussed in RAN1#80bis meeting. For comparison between these two alternatives, considering DCI overhead aspect first, Alt2-2 with single-CC scheduling DCI would be better in case when small number of cells is scheduled while Alt2-1 with multi-CC scheduling DCI would have lower overhead in case of scheduling large number of cells with only one CRC for multiple CCs. Besides, considering scheduling flexibility in terms of DCI transmission, Alt2-2 would be better than Alt2-1 since multi-CC scheduling DCI requires higher (E)CCE aggregation level to maintain DCI decoding reliability by which the flexibility to select (E)PDCCH candidate with high (E)CCE aggregation level available for transmitting such large size DCI would be decreased. Moreover, on the aspect of scheduling manner, there seems be no difference between two alternatives since multi-CC scheduling where one DCI on a CC schedules multiple CCs, is also considered as one of cross-CC scheduling method. Thus, with observation on pros and cons so far, Alt2-2 is to be considered as at least equal (or higher) priority with Alt2-1 for handling of DCI false detection.
In summary, it needs to be discussed which method would be effective and reasonable to handle potential DCI false detection for large DL CA in Rel-13, with consideration of resource overhead, scheduling restriction, and standard impact. 
Proposal 1: It needs to be discussed on the method to handle DCI false detection for large DL CA in Rel-13 with consideration of resource overhead, scheduling restriction, and standard impact.
3. Conclusions

In this contribution, we discussed DCI false detection with increasing number of DL cells in Rel-13 CA and some potential candidate methods for resolving this problem. The followings are our observations and proposal. 
Observation 1: Increase of DCI false detection probability in Rel-13 CA with large number of carriers could be considered as a potential problem affecting system/UE performance.

Observation 2: Transmission of new PUCCH format with large payload/resource from the unintended UE by false detection of DL grant DCI could be considered as critical problem.

Proposal 1: It needs to be discussed on the method to handle DCI false detection for large DL CA in Rel-13 with consideration of resource overhead, scheduling restriction, and standard impact.
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