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1 Introduction
In RAN1#80bis meeting, PDCCH false alarm issue was discussed for CA beyond 5 carriers. In RAN1#81, further decisions have been made on the relation between ServingCellID, CIF and USS search space. 
Agreements:
· One to one mapping of ServingCellID to CIF for a cross-carrier scheduled cell by one scheduling cell is supported
·  Explicit configuration of ServingCelllID to CIF relation is prefered by RAN1
·  Higher layer signaling details are up to RAN2

Agreements:
For Rel. 13 cross-carrier scheduling, keep the Rel. 11 CIF to USS relation (on a scheduling cell) for cross-carrier scheduled cells using scheduled cell-specific grants and scheduled cell-specific USS

Although this document was presented, it has not been decided how to solve PDCCH false alarm issue. This document intends to raise the issue of PDCCH false alarm again and propose to make a decision.
2 Impact of PDCCH False Alarm
· DL grant in PDCCH
When a UE false detects a DL grant from PDCCH, it will try to decode corresponding PDSCH. Most likely the decoding will fail and UE will feedback NACK on PUCCH when there is no PUSCH simultaneously. The transmitted unnecessary PUCCH can cause interference to another UE that will transmit PUCCH on the same resource. If the other UE transmitted ACK, due to the interference, eNB might detect NACK. It will cause more retransmission for the other UE. When interfered PUCCH transmits multiple carriers’ ACK/NACK, the impacts of misdetection of ACK to NACK negatively affect multiple carriers. If the UE is configured with PUCCH format 3 and the eNB expects the UE to fallback to PUCCH format 1a/1b, but the UE false detects PDCCH, the UE will transmit PUCCH format 3 on a configured PUCCH resource, while the eNB would expect PUCCH format 1a/1b on another PUCCH resource. It would cause wrong detection of A/N for the UE and cause more retransmission for the false alarm UE, or require a blind detection implementation at the eNB to discover whether the UE used the PUCCH format 1a/1b resource or the PUCCH format 3 resource.
When 32 carriers are supported, the number of blind decoding is dramatically increased. Correspondingly the false alarm probability is also increased as indicated in [1]. In order to keep low PAPR for PUCCH, PUCCHs are only transmitted on limited UL CCs. Therefore, the impact of PUCCH collision due to PDCCH false alarm is severe when 32 carriers are supported.
· UL grant in PDCCH
When a UE false detects a UL grant from PDCCH, it will transmit PUSCH at least 4ms later. The transmitted PUSCH will cause interference to PUSCH of intended UE(s). It might cause false detection of PUSCH for other UE(s) and cause unnecessary PUSCH retransmission. However, the impact is carrier specific. The throughput per carrier will not be additionally impacted even if 32 carriers are supported.
Conclusion: PDCCH false alarm issue is more severe for DL grant.
However, the solutions listed as follows could apply to both DL grant and UL grant.
3 Solutions
Several solutions were proposed in RAN1#80bis:
· Increased CRC size for example 24 bits
In current specification, 16 bits CRC is attached to DCI to assist PDCCH blind decoding. When the number of CRC bits is increased to 24, PDCCH false alarm probability would be reduced. However, more PDCCH overhead would be introduced. Depending on the DCI format, an overhead increase of 12-18% can be expected, resulting in a loss of roughly 0.48-0.73 dB, which is sufficiently acceptable compared with the PDSCH data rate increased by eCA.
· Joint grant
Joint grant was proposed in [2] to schedule multiple CCs with one DCI. The size of the joint grant DCI is determined by the number of configured CCs. Joint grant would reduce the number of PDCCH blind decoding, thus PDCCH false alarm probability is also reduced. However, the joint grant has following disadvantages:
· New DCI format needs to be designed for joint grant. It is possible that the DCI format size is not fixed, but depends on the number of configured CCs. However, it depends on the design
· When the number of scheduled CCs is much smaller than the number of configured CCs, PDCCH resource is wasted
· If resource block allocation is shared among multiple CCs, eNB scheduling is restricted
In [4], more detailed analysis of joint grant was presented.
· Search space sharing
Search space sharing was proposed in [3] to configure overlapping search spaces among multiple CCs by eNB. If the search space for two CCs completely overlap, then the number of BD attempts is equivalent to just one CC. In case of unlicensed CCs, in order to occupy the channel, eNB might configure large number of CCs, but in the end, only a few CCs would be occupied at the same time. In this case, the number of configured CCs is much larger than the number of scheduled CCs. Thus, blocking probability is not so much increased when multiple CCs share the same search space. Even if the number of scheduled CCs is large, blocking should not be a severe issue, as within one search space there are at least 8 candidates for aggregation levels 1 to 4 in total available for transmitting 8 DCI (which is the maximum per search space considering the 3-bit limitation of the CIF). Especially for predominantly small cells applications with good SINR conditions, this should be sufficient. Therefore, search space sharing has the advantage of reducing false alarm probability without severing the blocking probability.
Therefore, comparing the above solutions, we propose search space sharing to reduce the false alarm probability for cross carrier scheduling solution. For self-scheduling, increasing CRC size would be the only viable solution.
4 Conclusion
In this contribution, we discuss the impact of PDCCH false alarm for eCA and several proposed solutions for solving false alarm issue. After comparing the solutions, we propose that:
· To reduce PDCCH false alarm probability for eCA, search space sharing is used for cross carrier scheduling case and increasing CRC size is used for self-scheduling case.
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