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1 Introduction
In RAN1#82 meeting, following conclusion was made for eCA DL control signalling:
· 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

According to the conclusion, both increase of the number of blind decodes and false detection of DL grant are potential issues to be solved. In this contribution, several solutions, which were proposed by companies, are discussed and conclusions are made based on the comparison.
2 Solutions
The solutions to solve blind decoding or false alarm issue can be divided into three categories:
· Reduce the number of blind decodes in comparison to scalable increase of number of blind decodes
· Reduce false alarm probability
· Reduce the impact of false alarm
In the following, we will discuss the schemes for each category.
Reduce the number of blind decodes in comparison to scalable increase of number of blind decodes
When the number of CCs increases to 32, the number of (E)PDCCH blind decodes will increase linearly. It would cause increased false alarm probability and complexity for (E)PDCCH blind decoding. In the following, some solution are presented to reduce the number of blind decodes.
· Limit (E)PDCCH candidates or aggregation levels
[bookmark: _GoBack]One straightforward option to reduce the number of blind decoding is to limit the number of (E)PDCCH candidates or aggregation levels. In Rel-8, the number of PDCCH candidates and aggregation levels were designed to avoid the blocking among multiple UEs. As discussed in [1], for an LAA cell, the same number of (E)PDCCH candidates as licensed cells is not necessary since LBT (Listen-Before-Talk) is applied to unlicensed band. DL or UL grant cannot always be scheduled on unlicensed cell. In [2], it was discussed that the reduction of the (E)PDCCH candidates or aggregation levels can be further applied to a small cell, where the number of UEs is much smaller than in a macro cell and thus the number of simultaneously scheduled UEs is relatively small. Therefore, for unlicensed cell and small cell, limiting (E)PDCCH candidates or aggregation levels would not increase the blocking probability. One possibility is to keep only aggregation levels 4 and 8 to ensure the reliability for unlicensed cells. The disadvantage is that (E)CCE resources might be wasted due to the large aggregation level. In addition, this solution is not covering the case of medium/large cells and/or licensed cells very well.
· (E)PDCCH search space sharing
Another option to reduce the number of blind decoding was proposed in [3] to configure overlapping (E)PDCCH search spaces for multiple cells. 
If the search space for two CCs completely overlaps, 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. In addition, it allows a much better control of the blocking probability than in the current specification, which becomes an issue especially if cross-scheduling of multiple small cells within/from a macro cell is envisaged.

Reduce false alarm probability
Besides reducing the number of blind decodes, there are also other ways to reduce the false alarm probability. They are as follows:
· Extended CRC bits
One straightforward solution to reduce the false alarm probability is to increase the number of CRC bits. In thecurrent 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 and an already supported CRC length is applied. 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. However, an additional specification detail to be solved is the handling of the 24-bit CRC masking by the 16-bit RNTI.
Instead of adding 8 bits to the CRC, smaller CRC size could already be sufficient to not exceed the false alarm probability of Release 10 with 5 CCs. According to the equation and assumptions for DL in [5], following probabilities are obtained:
	
	5 CCs, 16 bits CRC
	32 CCs, 24 bits CRC
	32 CCs, 19 bits CRC
	32 CCs, 20 bits CRC

	False alarm probability
	5.7%
	0.4%
	4.6%
	2.4%



We can see that 19-20 CRC bits would already be sufficient to not exceed the false alarm probability of the current 16 bits CRC with 5 CCs.

· Virtual CRC
Instead of adding bits to the CRC, an alternative is to add virtual CRC bits within the DCI payload. This might be preferable in some cases to a real CRC extension since it would not affect the CRC masking procedure by an RNTI.  The performance w.r.t. false alarm should be the same as for the extended CRC case.

· Two parts of DCI
In [4], it was proposed to add DCI Format Index (Part I) to current DCI Content (Part II). Part I and Part II are separately encoded. Part II uses convolutional coding as Rel-8/10 and Part I uses simple FEC scheme. The scheme would increase the reliability of (E)PDCCH decoding. However, it would increase the blind decoding complexity, since both Part I and Part II need to be correctly decoded. In addition, it seems not possible to reasonably implement Part I and Part II blind decoding in a parallel fashion, so that the UE timing would also be affected by this approach.
Reduce the impact of false alarm
· DAI indication in (E)PDCCH
It was agreed in RAN1#82 meeting that HARQ-ACK codebook size is dynamically determined. This requires ensuring the same understanding between UE and eNB regarding the HARQ-ACK codebook, including HARQ-ACK order and size. Several schemes were proposed, e.g. DAI in (E)PDCCH. It can be one DAI only or two DAIs (one counter DAI and one total DAI). In case there is same understanding between UE and eNB regarding the number of (E)PDCCHs transmitted, UE can detect how many (E)PDCCHs are falsely positively detected - with a counting DAI it could be possible to determine which (E)PDCCH is falsely detected. Then the impact of false alarm can be reduced or solved. However, this issue does not solve the problem of the increase of complexity introduced by the increase of the number of (E)PDCCH blind decodes.
Therefore, comparing the above solutions, we think that DAI indication in (E)PDCCH could reduce the impact of false alarm and should be supported. In order to reduce the number of (E)PDCCH blind decodes, search space sharing could be supported for cross carrier scheduling case. For self-scheduling case, an extended or virtual CRC could be considered to reduce the false alarm probability if the PDCCH overhead is not increased too much.
3 Conclusion
According to the above discussion, we have following proposals and conclusions.
Proposal:
· Schemes to reduce the impact of false alarm should be considered
· Search space sharing shall be supported for cross carrier scheduling case, and CRC extension or virtual CRC shall be supported for self-scheduling case
Conclusion:
· Compared with 24 bits CRC, a 19-20 bit CRC can solve false alarm issue without too much control overhead
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