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1
Introduction
In RAN1 #69 meeting, a meaningful progress was made for the ePDCCH resource definition especially for the distributed transmission as the eREG has been agreed as a minimum resource unit for ePDCCH at least for distributed transmission. In addition, some other details of eREG/eCCE definitions are also captured in RAN1 #69 chairman’s note as follows:
Agreement:

· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used

· FFS whether anything needs to be specified in relation to PRS 

· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

However, there are still lots of open issues need to be addressed to define eREG/eCCE for ePDCCH according to the ePDCCH transmission schemes including the number of eREGs per PRB-pair and number of eCCEs per PRB-pair with subframe configurations. Therefore, in this contribution, we discuss and investigate on the details of ePDCCH resource definition to move forward one step further on Rel-11 ePDCCH issues.
2
eREG Definition
In RAN1 #69 meeting, it was agreed that eREG is defined as a minimum ePDCCH resource unit at least for distributed transmission in order to achieve frequency diversity gain even for aggregation level-1. As agreed, an eCCE is formed by grouping of multiple eREGs distributed over multiple ePDCCH PRB-pairs and a fixed number of eREGs is defined per ePDCCH PRB-pair.
Given these agreements, there are two remaining issues for eREG definition such as the multiplexing of eREGs within a PRB-pair and the number of eREGs per PRB-pair. As for eREG multiplexing, full FDM multiplexing between eREGs seems to be appropriate for better resource utilization since the power of an unused eREG may be reassigned to other eREGs and/or PDSCH. Note that ePDCCH and PDSCH are multiplexed in a PRB-pair level FDM manner so that if there are unused eREG partially, the best way to increase resource utilization is re-assign the available power to other resources and full FDM multiplexing of eREGs allows flexible energy re-assignments.

Proposal-1: eREGs within a PRB-pair are multiplexed in a full FDM manner.
The number of eREGs per PRB-pair is closely related to the frequency diversity gain for ePDCCH distributed transmission as an eCCE is formed by grouping of multiple eREGs. Therefore, the more eREGs may provide the higher frequency diversity gain. Assuming that eREGs within a PRB-pair are multiplexed in a full FDM manner for better ePDCCH resource utilization, the maximum number of eREGs per PRB-pair could be 12 as seen in the figure 1.
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Figure 1. An example of eREG definition (Full FDM based)
Proposal-2: 12 eREGs are defined per PRB-pair in full FDM manner.
An eREG may be defined with either localized or distributed within a PRB-pair. For instance, the figure 1 shows localized eREG as all REs for an eREG is located in the same subcarrier index. The REs for an eREG may be distributed over subcarriers within a PRB-pair while keeping full FDM multiplexing. The figure 2 and 3 show the performance localized and distributed eREG according to the aggregation level. For this simulation, uniformly distributed 4 PRB-pairs are used for ePDCCH transmission and one eCCE distributed over the 4 PRB-pairs to achieve frequency diversity gain. Further details of simulation assumption are available in the appendix. 

As shown in the figure 3, the distributed eREG may provide a slight gain under highly frequency selective channel with aggregation level-1 since it achieves a little bit higher frequency diversity gain. Therefore, as long as additional specification efforts are not needed, the distributed eREG may be used.
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Figure 2. Performance of localized and distributed eREG in EPA channel.
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Figure 3. Performance of localized and distributed eREG in ETU channel.

Proposal-3: the distributed eREG may be used as far as no additional specification effort is required.

3
eREG-to-eCCE Mapping
In order to utilize the ePDCCH resource more efficiently, multiplexing localized and distributed ePDCCH resources in the same PRB-pair seems to be needed considering that few UEs could be scheduled in a same subframe and the UEs are configured with different ePDCCH transmissions. Multiplexing of localized and distributed transmissions in a PRB-pair may provide better ePDCCH performance as higher frequency diversity gain or frequency selective scheduling gain could be achieved if the number of ePDCCH resource is limited. Therefore, there seems to be no clear reason not to allow multiplexing the localized and distributed ePDCCH resources within a PRB-pair.
Given that localized and distributed transmissions could be multiplexed within a same PRB-pair, a common ePDCCH minimum resource unit (i.e., eREG) could be used for both ePDCCH transmissions for the sake of simplicity so that the localized and distributed transmission may be defined from eREG-to-eCCE mapping. 

Proposal-4: eREG is also used for localized transmission for more efficient resource utilization and/or better ePDCCH performance.

In Rel-8, a CCE is defined with 9 REGs and one REG contains 4 REs, therefore one CCE contains 36 REs in the end. One or multiple CCEs may be used for a DCI message according to the UE’s channel condition and lower channel coding rate is achieved as the CCE aggregation level goes higher. Four aggregation levels such as 1, 2, 4, and 8 have been used and a UE blindly decodes all aggregation levels within its UE-specific search space, which implies that any of aggregation levels may be selected dynamically at a transmitter as a part of PDCCH link adaptation and the highest aggregation level 8 typically selected for cell-edge UEs as it provides the best coverage among the aggregation levels. Considering that inter-cell interference level could be the same for both ePDCCH and PDCCH in some cases including fully loaded network without frequency domain ICIC, ePDCCH also needs to support at least the same coverage as legacy PDCCH. As QPSK is only used for PDCCH and ePDCCH, the effective coding rate is defined by the number of available REs per eCCE with a given DCI. Therefore, to keep the similar effective coding rate according to the aggregation level, an eCCE needs to contain 36 REs roughly.

One simple approach to keep the similar effective coding rate could be adjusting number of eREGs per eCCE according to the reference signals. As one eREG may contain a small number of REs, fine adjustment of effective coding rate could be possible with this approach. Alternatively, different eCCE aggregation level may be used to provide similar effective coding rates, however the effective coding rate adjustment with this approach seems to be a little bit complicate as its granularity is too coarse. Therefore, it seems to be appropriate to support different number eREG per eCCE according to the reference signal configuration in a subframe. 

Proposal-5: the effective coding rates according to the aggregation level should be kept similar with that for legacy PDCCH and the number of eREGs per eCCE should vary according to the available number of REs within a PRB-pair. 
Assuming that eREG is used for both localized and distributed transmission, the localized and the distributed transmission could be defined with eCCE-to-eREG mapping. For instance, for the localized ePDCCH transmission, the eREGs defined within a PRB-pair are grouped to form an eCCE while the eREGs distributed over multiple PRB-pairs may be grouped to form an eCCE for distributed ePDCCH transmission. The figure 4 shows an example how to define the localized and distributed eCCEs with the eCCE-to-eREG mapping. In the figure 4, eCCE# {0, 3, 6, 8} were defined as localized transmission and the others are defined with distributed transmission, for instance.
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Figure 4. An example of eCCE-to-eREG mapping

The ratio between localized and distributed eCCE could be configurable by eNB according to the channel conditions for the UEs in a cell.

Proposal-6: localized and distributed ePDCCH transmission are defined according to the eCCE-to-eREG mapping rule.
4
Conclusions

In this contribution, we discussed on the details of eREG and eCCE definitions for ePDCCH. Also, eCCE-to-eREG mapping was discussed to define localized and distributed transmissions. From the discussions, we propose followings:

Proposal-1: eREGs within a PRB-pair are multiplexed in a full FDM manner.

Proposal-2: 12 eREGs are defined per PRB-pair in full FDM manner.

Proposal-3: the distributed eREG may be used as far as no additional specification effort is required.

Proposal-4: eREG is also used for localized transmission for more efficient resource utilization and/or better ePDCCH performance.

Proposal-5: the effective coding rates according to the aggregation level should be kept similar with that for legacy PDCCH and the number of eREGs per eCCE should vary according to the available number of REs within a PRB-pair. 

Proposal-6: localized and distributed ePDCCH transmission are defined according to the eCCE-to-eREG mapping rule.
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Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	ePDCCH resource allocation
	Uniformly distributed 4 PRB-pairs

	Transmission schemes
	Per-RB based RBF

	Channel models
	EPA, ETU, SCM-B

	eREG
	An eREG is formed with 9REs which are either localized or distributed within a PRB-pair

	eCCE
	An eCCE is formed with 4 eREGs distributed over 4 PRB-pairs.

	Velocity [km/h]
	30

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

	DCI format for ePDCCH
	Format 0/1A

	Aggregation level [# of eCCE]
	1, 2, 4 and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Channel estimation
	Realistic
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