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1 Introduction

After some fruitful discussions at the RAN1#71 meeting and the offline email discussion, the tables of number of blind decoding for EPDCCH have somewhat converged.
However, the exact numbers of blind decoding for each case are still to be finalized in the RAN1#72 meeting. In this contribution, we provide our considerations on the blind decode candidate numbers for EPDCCH.
2 Discussion

2.1 Search space and blind decoding

The blind decoding candidate numbers are defined from Table 9.1.4-1a to Table 9.1.4-5b in [1] for different EPDCCH set assignments. For each EPDCCH set assignment, the total attempts are split between EPDCCH sets if two sets are configured and different aggregation levels for the specific cases defined in [1].
The supported aggregation levels for EPDCCH are much complicated than those of PDCCH. There are totally five aggregation levels for each specific DCI, either {1, 2, 4, 8, 16} or {2, 4, 8, 16, 32}. The rational of having the second option is to avoid an exceedingly high code rate for some DCI formats. Two scenarios with normal CP have been identified:
1) For DCI format 2 families with system bandwidth exceeding 25 MHz, and

2) For any DCI format when the available REs per ECCE is less than the Xthresh (=104 REs).

The code rates of the DCI in these cases are considered to be too high for an aggregation level one ECCE (with four EREGs per ECCE) to be practically useful. As a result, it is specified explicitly that the minimum aggregation level for these cases shall be two.

On the other hand, even if the number of available REs per ECCE exceeds the Xthresh, there are still many cases that the code rate for aggregation level one ECCE becomes too high to be practically used. For instance, in a 10 MHz TDD system with normal CP and two CRS ports and two PDCCH symbol, the number of available REs per RB for EPDCCH is calculated as below:

   12 sc * (14 symbol - 2 CFI) – (12*2 DMRS REs) – (12 CRS REs excluding within 1st symbol) = 108 REs/RB

Taken into account the ARO bits, the size of DCI format 0/1A with CRC bits attached are 47 bits, yielding a code rate of around 0.87, which is a little difficult for the UE to correctly decode the DCI carried in the EPDCCH. The situation becomes worse, if more CRS ports or PDCCH symbols are configured or DCI is transmitted in special subframe. 

Observation 1: In the case when normal cyclic prefix is used in normal subframes or special subframes with configuration 3, 4, 8, even if 
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 (denoted as Case 3 in [1]), the code rate of DCI may likely be too high for decoding.
Therefore, it is unreasonable to allocate too much blind decoding attempts to aggregation level one if the number of EREGs per DCI is four (This is correspond to the Case 3 in [1] as discussed above). The number of blind decoding attempts assigned to aggregation level one can be reduced. The saved blind decoding attempts can be shifted to higher aggregation levels in order to better match the practical control channel resource allocation, so that reducing the control channel blocking rate.
Proposal 1: In the case when the number of EREGs per DCI is four and the minimum aggregation level supported is one (corresponding to Case 3 as defined in [1]), the blind decoding attempts assigned to  aggregation level one should be shifted to higher aggregation levels.
As discussed above, an exhaustive blind searching for DCI of aggregation level one consisting of only four EREGs may not be that useful. In the real world, if A DCI would not be scheduled at aggregation level one due to high code rate, it is most likely to be scheduled at aggregation level two. Therefore, if we would like to reduce the blind decoding candidates for aggregation level one, it is then straightforward to shift such candidates to aggregation level two. It is worth noting that such splits of blind decoding attempts among aggregation levels also aligns with the geometry distributions of the UE.

In light of this consideration, we slightly update the split of blind decoding attempts for the case of ECCE consisting of four EREGs (denoted as Case 3 in [1]), as presented in Table 1 to Table 3. In summary, 
1) Candidates from aggregation level one are shifted to aggregation level two, with an exception of extreme imbalance configuration of EPDCCH sets (i.e. one set consisting of 8 PRBs while the other consisting of 2 PRBs).

2) The candidates of aggregation level one would not be less than 2 after the shifting, in order to maintain the minimum frequency selective gain.

3) The existing principles are still maintained, i.e. the assignment of number of blind decodes for localized set biases toward lower aggregation level, and the split between sets would be roughly proportional to the sizes of two sets.

Table 1. EPDCCH candidates for two Distributed EPDCCH sets (corresponding to Table 9.1.4-3b in [1])
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	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[2,2]
	[3,3]
	[2,2]
	[1,1]
	[0,0]

	4
	4
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]

	8
	8
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]

	4
	2
	[3,1][2,1]
	[3,2][3,3]
	[3,1]
	[1,1]
	[1,0]

	8
	2
	[3,1][2,1]
	[4,1][4,2]
	[3,1]
	[1,1]
	[1,0]

	8
	4
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]


Table 2. EPDCCH candidates for two Localised EPDCCH sets (corresponding to Table 9.1.4-4b in [1])
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	L=1
	L=2
	L=4
	L=8

	2
	2
	[3,3][2,2]
	[3,3][4,4]
	[1,1]
	[1,1]

	4
	4
	[3,3][2,2]
	[3,3][4,4]
	[1,1]
	[1,1]

	8
	8
	[3,3][2,2]
	[3,3][4,4]
	[1,1]
	[1,1]

	4
	2
	[4,2][3,2]
	[4,2][4,3]
	[1,1]
	[1,1]

	8
	2
	[4,2][3,2]
	[4,2][4,3]
	[1,1]
	[1,1]

	8
	4
	[3,3][2,2]
	[3,3][4,4]
	[1,1]
	[1,1]


Table 3. EPDCCH candidates for localised and distributed EPDCCH set (corresponding to Table 9.1.4-5b in [1])
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	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[4,1][2,1]
	[4,2][4,4]
	[2,2]
	[0,1]
	[0,0]

	4
	4
	[4,1][3,1]
	[4,1][4,2]
	[2,2]
	[0,1]
	[0,1]

	8
	8
	[4,1][3,1]
	[4,1][4,2]
	[2,2]
	[0,1]
	[0,1]

	2
	4
	[4,1][2,1]
	[4,1][4,3]
	[2,2]
	[0,1]
	[0,1]

	2
	8
	[4,1][2,1]
	[4,1][4,3]
	[2,2]
	[0,1]
	[0,1]

	4
	2
	[4,1][3,1]
	[4,1][4,2]
	[2,2]
	[1,1]
	[0,0]

	4
	8
	[4,1][2,1]
	[4,1][4,3]
	[2,2]
	[0,1]
	[0,1]

	8
	2
	[4,1][2,1]
	[4,1][4,2]
	[4,1][4,2]
	[0,1]
	[0,0]

	8
	4
	[4,1][3,1]
	[4,1][4,2]
	[2,2]
	[0,1]
	[0,1]


Proposal 2: It is kindly suggested that RAN1 accept the modifications in Table 1, Table 2 and Table 3.
3 Conclusion

In this contribution, we examine the exact number of the blind decoding candidates for different cases, and provide our recommendations to further improve the blind decoding design. Based on the discussions, we had below observation: 

Observation 1: In the case when normal cyclic prefix is used in normal subframes or special subframes with configuration 3, 4, 8, even if [image: image11.wmf]104
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 (denoted as Case 3 in [1]), the code rate of DCI may likely be too high for decoding.
According to the observation, we propose that:

Proposal 1: In the case when the number of EREGs per DCI is four and the minimum aggregation level supported is one (corresponding to Case 3 as defined in [1]), the blind decoding attempts assigned to  aggregation level one should be shifted to higher aggregation levels.
Proposal 2: It is kindly suggested that RAN1 accept the modifications in Table 1, Table 2 and Table 3.
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