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1
Introduction
In RAN1 #68bis meeting, the eCCE aggregation levels were discussed since the number of available REs per eCCE may vary according to the subframe if the ePDCCH REs colliding with other signals including CSI-RS and zero-power CSI-RS are punctured in resource mapping perspective, thus the available number of REs for an eCCE may be smaller than 36REs. In addition, it was also discussed that whether low eCCE aggregation should be supported for distributed transmission. Therefore, in this contribution, we discuss on the following two options issues related to eCCE aggregation levels:

· eCCE aggregation level

· supporting aggregation levels for localized and distributed transmissions
2
eCCE Aggregation Levels
In Rel-8, the multiple CCE aggregation levels are defined and all the aggregation levels are monitored within a UE-specific search space. The set of CCE aggregation levels {1, 2, 4, 8} has been used so far as a PDCCH link adaptation since the effective coding rate is changed according to the CCE aggregation level as the DCI payload size is fixed regardless of the aggregation level. Note that fixed 36REs are available per CCE so that the same effective coding rates may be guaranteed regardless of the subframe configuration as far as the same CCE aggregation level is used. Given that the aggregation level (AL) 8 provides lowest coding rate for a DCI transmission, the PDCCH coverage for a UE may be closely related to the AL-8 although additional power control may help to increase the coverage. 

As different from the CCE in PDCCH, the eCCE may have different number of REs for a DCI transmission from a subframe to another according to the configuration such as CSI-RS, zero-power CSI-RS, and so on. Therefore, if the same set of eCCE aggregation levels is used for all subframes as in PDCCH, the maximum and/or area coverage of ePDCCH according to ALs may vary per TTI-basis, which may lead to a scheduling restriction and/or complicated eNB scheduler. Therefore, multiple sets of eCCE ALs need to be defined and different set of eCCE ALs may be used according to the subframe configuration in order to guarantee the similar effective coding rate as in PDCCH.    
Proposal-1: a set of ALs may be different according to the subframe if the available number of RE per eCCE is varying.
It has been proposed that eCCE is used as a minimum resource unit for ePDCCH for the sake of the simplicity, thus eCCE AL-1 may not support distributed transmission assuming that eCCE is defined as a specific time/frequency resource grid inherently. In this case, the frequency diversity gain is still limited even for AL-2 and AL-4. Therefore, eREG based distributed transmission has been proposed as an alternative as similar with legacy PDCCH. Note that one CCE is formed with 9REGs, thus fully maximizing frequency diversity gain even for AL-1. Considering that the distributed transmission is also used for closed loop UE having only wideband CQI, low aggregation level should be also supported for distributed transmission. In the section 3, the eREG and eCCE based distributed transmissions are evaluated and huge performance differences are observed.
Proposal-2: all aggregation levels should be supported for distributed transmission.
3
Simulation Results
In this section, we evaluated the performance eREG-based and eCCE-based distributed transmission especially with low aggregation level case. In the link-level simulation, an eCCE is distributed to 4 PRB-pairs in the eREG-based distributed transmission for AL-1 and AL-2, respectively. For the eCCE-based distributed transmission, the same number of PRB-pair and aggregation levels are assumed with eREG-based transmission, thus 2 distributed PRB-pairs are used for AL-2 in eCCE-based distributed transmission. In addition, per-RB based random beamforming with rank-1 precoder was used as an open-loop scheme for distributed transmission. Further details of simulation assumptions are listed in the table 1.
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Figure 1. Performance of eREG and eCCE based distributed transmission in ETU
In frequency selective channel like ETU shown in the figure 1, the eREG-based distributed transmission provide approximately 3.5dB gain in 1% ePDCCH BLER if aggregation level is one as compared with that of eCCE-based distributed transmission. This is mainly because frequency diversity gain couldn’t be achieved in AL-1 if eCCE-based distributed transmission is used. The performance gap could be reduced as aggregation level goes higher since frequency diversity gain could be increased by distributing multiple eCCEs, the loss is still observed due to less achievable frequency diversity.
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Figure 2. Performance of eREG and eCCE based distributed transmission in EPA
The tendency of the performance results in frequency flat fading channel is similar with that in frequency selective channel and the loss in high aggregation level gets more significant in frequency flat fading channel.

Observation: the performance loss from eCCE-based distributed transmission is significant since it may not achieve frequency diversity gain in low aggregation level. In the simulation, up to 4dB SNR loss was observed in aggregation level one.

4
Conclusions

In this contribution, we discussed on the eCCE aggregation level in relation with ePDCCH transmission schemes such as localized and distributed transmissions. In addition, the distributed transmissions for low eCCE aggregation levels were evaluated in link-level. From the discussions and observations, we propose the following:
Proposal-1: a set of ALs may be different according to the subframe if the available number of RE per eCCE is varying.
Proposal-2: all aggregation levels should be supported for both localized and distributed transmission.
Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Feedback mode
	N/A

	ePDCCH resource allocation
	Distributed within 4 PRBs

	Transmission schemes
	Per-RB Random beamforming

	Channel models
	ETU and EPA (uncorrelated)

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	30

	DM-RS pattern
	Rel-10 (Port-7)

	DCI format for legacy PDCCH and E-PDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	1 and 2

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Channel estimation
	Realistic

	PRB bundling for channel estimation
	Disabled


