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1. Introduction
At RAN1#68bis the need to clarify the definitions of “eREG” and “eCCE” was identified in relation to ePDCCH. This aspect is addressed in this contribution.
2. Discussion
2.1. Background

In legacy PDCCH a REG (Resource Element Group) is composed of 4 REs which are mapped to available locations (i.e. not occupied by other signals) within one OFDM symbol in the control channel region. Four QPSK symbols can me mapped to each REG. The size of a REG is such that one codeblock of FSTD+SFBC or two codeblocks of SFBC can be accommodated within one REG. The mapping of REGs to resources is such that the REs are close together in the frequency domain, which is one of the requirements to support spatial transmit diversity techniques such as SFBC.

A CCE in PDCCH is composed of 9 REGs (36 REs) and contains the minimum amount of resource for a DCI message. In order to improve robustness, DCI messages can be transmitted with different aggregation levels (i.e. in 1, 2, 4 or 8 CCEs).
We now consider possible definitions of eREG and eCCE, under the assumption that these should be the common for both localized and distributed ePDCCH transmission.

2.2.  eREG
Following the approach used in PDCCH, a significant motivation for defining an “eREG” for ePDCCH would be as the maximum codeblock size for spatial transmit diversity. In this case the eREG size would depend on whether SFBC and/or FSTD+SFBC is supported on ePDCCH. This consideration leads to the following proposal:
Proposal 1: An eREG comprises 2 or 4 REs, depending on whether SFBC or FSTD+SFBC are supported on ePDCCH. 

We consider that support of SFBC should be sufficient, in which case a REG size of two is appropriate.

It could be argued that an eREG could be a multiple of 2 (or 4) REs, and still support spatial transmit diversity, but there seems to be little benefit in this.
2.3. eCCE

Again, following the approach used in PDCCH, a possible definition for an “eCCE” could be: 

· The smallest amount of resource capable of carrying a complete DCI message
Then under the assumption that a maximum of 4 complete DCI messages can be transmitted in one PRB pair with localized transmission, and considering that a PRB pair consists of 168 REs, with no other overheads considered, each eCCE could consist of up to 42REs, or 21 REGs each of size 2REs.  The same aggregation levels as exist in PDCCH could be applied to ePDDCH (e.g. 1, 2, 4, or 8). 

However, in order to support distributed transmission, it would be necessary to sub-divide a single eCCE so that different parts of a DCI message can be transmitted in different PRB pairs. 
Therefore, in order to avoid the need to sub-divide an eCCE for distributed transmission, other more general formulations of the definition can be considered, such as:
Proposal 2: An eCCE is one of N x M subsets of REGs obtained by dividing the available set of REGs in a PRB pair into N x M approximately equal parts. Where:
· N is the maximum number of complete DCI messages that can be transmitted in one PRB pair with localized transmission 
· M is the maximum frequency diversity order for distributed transmission.
Following this approach, if N=4 and M=4, then one PRB pair would be divided into 16 eCCEs. Considering that a PRB pair consists of 168 REs, then each eCCE could consist of up to about 10REs, or up to 5 REGs each of size 2REs.  Then aggregation levels for localized transmission could then consist of 4,8,16 or 32 eCCEs. 
Some examples of eCCE to RE mapping based on these eREG and eCCE proposals is given in Annex.

We note that having a relatively small size of an eCCE could be more flexible and future-proof, for example for supporting small ePDCCH resource allocations for new compact DCI formats or more efficient modulation schemes such as 16-QAM. 
3. Conclusions
Following the definition of a REG for PDCCH we propose the following for ePDCCH:

Proposal 1: An eREG comprises 2 or 4 REs, depending on whether SFBC or FSTD+SFBC are supported on ePDCCH. 
In order to avoid sub-dividing an eCCE for distributed transmission we propose the following:

Proposal 2: An eCCE is one of N x M subsets of REGs obtained by dividing the available set of REGs in a PRB pair into N x M approximately equal parts. Where:

· N is the maximum number of complete DCI messages that can be transmitted in one PRB pair with localized transmission 

· M is the maximum frequency diversity order for distributed transmission
We suggest the value 4 for both N and M.  
Annex

Examples of eCCE to RE mapping

As an example with 16 eCCEs per PRB pair and a REG of 2REs, we consider distributed transmission 4th order diversity frequency applied to the lowest aggregation level needed for current DCI message sizes (aggregation level 4 in this case). We assume 3 OFDM symbols for legacy control, 4 CRS ports and 12 REs for DMRS.  A possible mapping of eCCEs to REs is shown in Figure A1, where each PRB pair is divided into 16 eCCEs. Here the aggregation level is 4 and some users receive 4 REGs (with 2 REs in each REG) in this PRB pair while others only receive 3 REGs. In order to balance the total number of REGs over 4 PRB pairs, each user should receive 4 REGs in one of the allocated PRB pair and 3 REGs in the others. Orphan REs are indicated by “X”.
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Figure A1: Example of resources allocated for distributed ePDCCH transmission with 4th order frequency diversity and 4 eCCE per user within the first PRB pair
The mapping in Figure A1 can be re-used for other purposes, such as for localized transmission with aggregation level 4, as follows (for the first PRB pair):-

	User
	eCCE
	No of REGs

	0
	0,4,8,12
	4+3+3+3

	1
	1,5,9,13
	4+3+3+3

	2
	2,6,10,14
	4+3+3+3

	3
	3,7,11,15
	4+3+3+3


This approach can be extended for multiplexing localized and distributed ePDCCH transmissions in the same PRB pair. For example, with aggregation level 4, 2 users with localized transmission and 8 users with distributed transmission we could have the following mapping (for the first PRB pair):
	User
	eCCE
	No of REGs

	0
	0,4,8,12
	4+3+3+3

	1
	1,5,9,13
	4+3+3+3
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