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1. Introduction
The principle of using CCE aggregations to achieve link adaptation for the PDCCH should also be adopted for the ePDCCH in our view. However, to use the CCE of fixed size 36 RE for the ePDCCH leads to complicated mapping problems.  The reason is due to the presence of other signals in the “PDSCH region” of the subframe where the ePDCCH is mapped that would lead to a CCE to RE mapping that depends on the presence of other signals and channel which would be very complicated as is discussed in [1]

 REF _Ref324334604 \r \h 
[2]. For this reason, the eCCE has been proposed where our understanding is that an eCCE nominally is of size close to 36 RE. Some RE belonging to the eCCE may then be punctured in the RE grid by e.g CRS and the legacy control region, hence an eCCE may effectively have less than 36 RE if one counts only the non-punctured REs. 

Proposal: Introduce an eCCE as the basis for ePDCCH link adaptation where an eCCE nominally has the size of about 36 RE and due to puncturing by other signals and channels may have less than 36 non-punctured RE.
The eCCE should be constructed so the puncturing impacts evenly on all the eCCE to keep approximately the same number of non-punctured RE in each eCCE. To see the effect of puncturing, we used the eREG definition given in [2] to provide the following example. By pairing eREG 1+6, 2+3, 4+7 and 5+0 to obtain eCCE 1-4 respectively, the effective number of RE (i.e. non-punctured RE) per eCCE varies from 36 when the ePDCCH is used on the new carrier and down to about 23 RE on average when other signals are present, see Table 1 for some examples. 

Table 1 Examples of the number of non-punctured RE per CCE in a PRB pair depending on CFI and number of CRS antenna ports
	CFI
	Number of CRS ports
	eCCE#1
	eCCE#2
	eCCE#3
	eCCE#4

	0
	0
	36
	36
	36
	36

	1
	2
	30
	29
	31
	30

	3
	4
	24
	22
	23
	23


The SNR loss between 36 and 23 non-punctured RE per eCCE depends on the amount of puncturing as it impacts on the effective code rate. Table 2 shows the required SNR and the loss w.r.t the new carrier type due to puncturing can be recovered by choosing a larger aggregation level. 

Table 2 Required SNR to meet 1% BLER in EPA channel, 3 km/h, localized allocation, 58 bits DCI
	CFI
	Number of CRS ports
	AL=4
	AL=2

	0
	0
	5.6 dB
	8.1 dB

	1
	2
	6.5 dB
	8.8 dB

	3
	4
	7.1 dB
	10.7 dB


To maintain the coverage compared to the PDCCH with AL=8, it is necessary to have the possibility to increase the number of non-punctured RE to be in the same order, that is 36*8=288 RE. That would mean an aggregation level of 12-16 eCCE depending on the achievable performance. 

In such subframes where the amount of puncturing is large, using 1 eCCE aggregation level may be non-decidable for some DCI format payloads. A solution to this problem could be that the set of blind decodes (6,6,2,2) in the UE specific search space for AL=1,2,4,8 can in such subframes be shifted to (0,6,6,2,2) for AL=1,2,4,8,X respectively where X>8 (FFS). Likewise can the common search space candidates be shifted from (4,2) for AL=4,8 to (0,4,2) for AL=4,8,X. 

When the eREG and eCCE definitions has been decided, the search space design can commence and jointly with this design can the aggregation levels be revisited to ensure proper link adaptation. 

Proposal: Investigate further the necessary set of aggregation levels the UE should monitor for the USS and CSS and how it depends on the amount of puncturing in the subframe. 
For subframes containing PBCH or for special subframes, where the amount of puncturing could be very high, it needs further studies how to ensure operation with ePDCCH. 

2. Conclusion

Based on the discussion in this contribution, we propose to

Proposal: Introduce an eCCE as the basis for ePDCCH link adaptation where an eCCE nominally has the size of about 36 RE and due to puncturing by other signals and channels may have less than 36 non-punctured RE.
Proposal: Investigate further the necessary set of aggregation levels the UE should monitor for the USS and CSS and how it depends on the amount of puncturing in the subframe. 
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