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1. Introduction
AT RAN1#68 the following agreements were reached:-

· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))

· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted

Also we have agreements from RAN1#67:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

This contribution considers the multiplexing of DCI messages within a PRB pair, in line with above agreements.  
2. Background
A common assumption in much the discussion on ePDCCH is that for localized transmission up to four DCI messages can be multiplexed in a single PRB pair, with one of the antenna ports 7 to 10 providing the demodulation reference. This would be compatible with the structure of an ePDCCH PRB pair as shown in Fig.1.
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Fig.1 Possible ePDCCH structure
Here, for localized transmission, one ePDCCH PRB pair could consist of up to four eCCEs, with each eCCE consisting of three OFDM subcarriers in the frequency domain (or at least an equivalent amount of resource). The aggregation level can then be increased by assigning more than one eCCE to the same DCI message. 
However, mapping one eCCE to a specific sub-set of sub-carriers may be too restrictive, considering the requirements of distributed transmission and spatial diversity using SFBC [1]. Therefore in the following discussion we consider other possibilities.  

3. Resource mapping options
For distributed transmission each of the eCCEs would be transmitted in different PRB pairs, located in different parts of the system bandwidth. However, to achieve a sufficient order of frequency diversity, and given the aggregation level, it may be necessary to further sub-dived the eCCE, so that parts of a eCCE are transmitted in different PRB pairs, as shown in Table1.

	
	
	Aggregation level

	
	
	1
	2
	4
	8

	Frequency diversity order
	1
	1
	2
	4
	4

	
	2
	1/2
	1
	2
	4

	
	4
	1/4
	1/2
	1
	2

	
	8
	1/8
	1/4
	1/2
	1


Table1: The maximum fraction of a CCE in one PRB pair for a given order of frequency diversity

As an example, if we aim for a frequency diversity order of four, then for aggregation level 1, it would need to be possible to split an eCCE into four pieces.
Resourece mapping design principles

Here we consider resource mapping based on the following principles:-
· Resource Element Group (REG).  The design of PDCCH makes use of groups of 4 REs to construct a REG, the REs of which are all transmitted within the same OFDM symbol. However, for ePDCCH we propose 2 REs per REG as being more flexible.
· “Frequency domain first” principle of resource allocation. This is followed in PDCCH. 

· Similar principles are applied for localized and distributed ePDCCH transmission

· Simplified specification

· Possibility of multiplexing of distributed and localized transmission in the same PRB pair

· No more than one RE separating parts of a REG in the frequency domain. This allows support for Tx diversity techniques such as SFBC.REs not conforming to this requirement are not used (i.e. orphan REs).

· Note that SFBC does not in principle require the REs in a REG to lie within the same OFDM symbol, so this restriction could be relaxed for ePDCCH, reducing the occurrence of “orphan REs”. 
Following these principles we take  as an example a case with 3 OFDM symbols for PDCCH, 2 CRS ports, and 24 REs for DMRS, this leads to a possible arrangement for multiplexing ePDCCH resources such as shown in Figure 2. 
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Figure 2: Example of resources allocated for localized ePDCCH transmission of 1 eCCE per user within a PRB
We note that the arrangement in Figure 2 leads to CCEs consists of 11 REGs, each 2 REs (total of 22 REs). This compares with PDCCH where a CCE always consists of 9 REGs each of 4 REs (total of 36 REs). If SFBC is not supported for localized transmission, then orphan REs would not be required.  
For aggregation level 2, with localized transmission we could allocate two eCCEs per user. However, in this case on 12REs would be needed for DMRS, so a different mapping could be used. Now there are fewer orphan symbols, so each user receives 13 REGs (26 RES). 
The same mapping as in Figure 3 could be used for distributed transmission for up to four users, where each user could be allocated resources in more than one PRB pair.  Each user could share the two available DMRS per PRB pair. However, in order to multiplex distributed and localized users together it would be necessary to use a mapping with more DMRS such as in Figure 3. 
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Figure 3: Example of resources allocated for localized ePDCCH transmission of 2 eCCE per user within a PRB

As a more extreme case of distributed transmission, we could consider 4th order diversity frequency applied to aggregation level 1. A possible mapping for the first PRB is shown in Figure 4, where each eCCE is effectively divided into 4 parts.. Here some users receive 4 REGs 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.
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Figure 4: Example of resources allocated for distributed ePDCCH transmission with 4th order frequency diversity and 1 eCCE per user within the first PRB pair
The mapping in Figure 4 can be re-used for other purposes, such as for localized transmission with aggregation level 1, as follows (for the first PRB pair):-
	User
	eCCE part
	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 subframe. For example, with aggregation level 1, 3 users with localized transmission and 4 users with distributed transmission we could have the following mapping (for the first PRB pair):

	User
	eCCE part
	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
	4

	4
	7
	3

	5
	11
	3

	6
	15
	3


4. Discussion and conclusions
In the above discussion we have identified critical decision points in the ePDCCH multiplexing design, and here propose the recommended outcomes:-

· Support for SFBC: SFBC improves performance, particularly for low-order frequency diversity [1]. Therefore REs would need to be paired in the frequency domain.  
· Size of eREG: Assuming that the main motivation for using the “REG” concept is to define the block size for spatial transmit diversity, if an “eREG” is defined for ePDCCH, then 2 REs per eREG seems sufficient. 
· Maximum frequency diversity order for aggregation level 1: This determines the number of parts into which an eCCE would need to be divided for transmission in different PRBs for distributed ePDCCH. Supporting a diversity order of more than 4 seems unnecessary, and may lead to inefficient use of resources [2].
· Multiplexing of localized and distributed transmissions in the same PRB pair: This will improve the efficiency of resource usage and should therefore be supported. 
· DMRS configurations: 12 REs for DMRS based on ports 7 and 8 would be sufficient for distributed transmission, 24 REs for DMRS based on ports 7-10 would be required for localized transmission of more than 2 DCI per PRB pair. Therefore, if only one configuration is supported it should be for 24 RES.   
Note that the above conclusions do not depend on the size of the “eCCE” defined for ePDCCH, assuming it is not too different from the values considered so far in the relevant discussions.
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