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1 Introduction
At the last two RAN meetings, there was discussion on how to multiplex several DCIs within the same PRB pair. However, on the notion of eCCE/eREG, no decision was reached. The Chairman’s guidance was to first consider how to handle mapping of ePDCCH in the presence of other signals, and then to consider the definition of eCCE/eREG. The ePDCCH mapping in the presence of other signals is discussed in [1]. In this contribution, we explain how to define the eCCE
2 On the need for eCCE

As explained in [1], it is better to rate-match the ePDCCH over the existing other channels/signals than to puncture. Therefore, instead of having the basic unit for ePDCCH being a fixed set of REs with various overhead punctured after mapping (eREG), it is better to define an eCCE, where the set of available REs is first determined, then the ePDCCH information rate-matched to fill only the available REs.
2.1 Need for having a variable number of eCCEs per PRB pair

On a given PRB pair, the number of available REs for ePDCCH transmission can vary quite significantly. For instance, in a PRB pair without a control region, CRS (MBSFN subframe), and CSI-RS, there is a total of 156 available REs for a 12-RE DMRS transmission, and 144 for a 24-RE DMRS transmission. However, this number can vary significantly depending on the scenarios. Table 1 lists the number of available REs for ePDCCH transmission and the resulting eCCE size, assuming a fixed number of 4 eCCEs per PRB pair.
Table 1. eCCE size assuming a fixed number of eCCEs per PRB pair, for various scenarios. 
	Scenario
	Number of available REs (24 REs for DMRS)
	eCCE size in REs (assuming 4 eCCEs/PRB pair)

	No PDCCH region, no CRS, no CSI-RS, normal CP
	144
	36

	3-symbol PDCCH region, CRS, no CSI-RS, normal CP
	92
	23

	3-symbol PDCCH region, CRS, no CSI-RS, extended CP
	80
	20

	TDD configuration, special subframe configuration 1 or 6, 2-symbol PDCCH region, CRS, no CSI-RS, normal CP
	48
	12


As it can be seen, the size of the eCCE can span from a small size of 12 REs to 36, depending on the scenario. When CSI-RS included, there will be even more variability.
There are two ways to deal with this problem of having a variable number of REs per PRB pair:
· Option 1: the number of eCCEs per PRB is fixed

· Option 2: the number of eCCEs per PRB is variable so that the eCCE size is roughly the same regardless of the deployment scenario
With Option 1, the PRB pair is partitioned into sets of several REs, with each RE set corresponding to an eCCE. The advantage of this option is that the starting point of each CCE is fixed, which somewhat simplifies implementation. As explained before, due to the presence of CSI-RS and other overhead, the available REs for each eCCE mapping will vary significantly over different subframes. This complicates link adaptation for ePDCCH since the eNB must consider multiple CCE sizes during scheduling. With Option 2, as the eCCE is guaranteed to be roughly as the same as CCE size, the Rel-10 link adaption algorithm can be reused, where only four code rate levels are applied. 
Proposal: the maximum number of eCCEs per PRB is variable and depends on the number of available REs in the PRB pair

With Option 2, it is necessary to determine the number of eCCEs according to the number of available REs. This problem is addressed in the next section.
2.2 eCCE size according to the number of available REs
Based on the overall number of available REs, the UE determines the number of eCCEs and eCCE size according to the following principle. Assuming the available number of REs in a PRB pair is Y and the possible eCCE number is Ni, the corresponding eCCE size Mi is


[image: image1.wmf]ú

û

ú

ê

ë

ê

=

i

i

N

Y

M

.
The philosophy to determine both the eCCE size and the number of eCCEs is to find a combination that results in an eCCE size as close as possible to 36. More specifically, the value I is defined as: 
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Then, NI and MI are adopted as the number of eCCEs and the eCCE size, respectively.
In practice, the determination is simple, and Ni can be determined from the total number of REs using Table 2. The determination of MI is then straightforward. Note that with this eCCE size procedure determination, the maximum number of eCCEs is 4.
Table 2. Determination of N and M. 
	Y
	N
	M

	Y<48
	1
	Y

	48≤Y<87
	2
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	87≤Y<125
	3
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	4
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In summary, with variable eCCE size and number of eCCEs per PRB pair, the eCCE number/size are shown in Table 3 for the scenarios described in Table 1.

Table 3. eCCE number/size for variable scenarios
	Scenario
	Number of available REs (24 REs for DMRS)
	Number of eCCEs
	eCCE size in REs

	No PDCCH region, no CRS, no CSI-RS, normal CP
	144
	4
	36

	3-symbol PDCCH region, CRS, no CSI-RS, normal CP
	92
	3
	30

	3-symbol PDCCH region, CRS, no CSI-RS, extended CP
	80
	2
	40

	TDD, special subframe configuration 1 or 6, 2-symbol PDCCH region, CRS, no CSI-RS, normal CP
	48
	1
	48


3 eCCE multiplexing
In the previous section, it was described how to determine the number and size of eCCEs per PRB pair. Once this operation is done, it is then necessary to map the eCCEs on the PRB pair.. Given the location of the overhead, the eCCEs are placed following a checkerboard pattern. The example in Figure 1 is for a case with a normal CP, normal subframe, a 3-symbol PDCCH region, 24 DMRS, and 8 CSI-RS ports. The total number of available REs is 84, thus according to the previous section, there are 2 eCCEs, each with a size of 42.
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Figure 1. eCCE multiplexing with one PRB or VRB pair
When 4 eCCEs are mapped, a similar design can be used (as shown in Figure 2, for a normal CP, no PDCCH region, 24-RE DMRS subframe. The eCCE number is 4, and the eCCE size is 36). While not shown, a similar mapping can be drawn for 3 eCCEs.
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Figure 2. eCCE multiplexing with one PRB or VRB pair
4 Conclusion

A procedure to determine the size, number and location of the eCCEs has been described. The main conclusions are listed below
· The maximum number of eCCEs per PRB is variable and depends on the number of available REs in the PRB pair.
· The eCCE size and number are determined so that the eCCE size is as close as possible to 36 REs and depends on the number of available REs in the PRB pair.
The eCCEs are mapped in the PRB pair using a checkerboard structure.
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