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1   Introduction
In this document, we discuss the number of eREGs per PRB pair, RE-to-eREG mapping, localized eCCE formation and distributed eCCE formation.

2   Discussion
In RAN1#69, some progress was made on eREG and eCCE design. A companion contribution discusses how eREG and eCCE are incorporated into the EPDCCH search space[2].
2.1 eREG/eCCE details  
In RAN1#69, the following was agreed:

· 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)\

The following table shows the eREG size for different number of eREGs in a PRB pair for Normal CP. The third column shows the corresponding numbers for extended CP case following the same principle as normal CP. If 12 eREGs per PRB pair is used, then for the extended CP case, some REs in a PRB pair may have to be left orphan to form an eREG with e.g. 10 REs. 

Table 1. eREG size for different number of eREGs in a PRB pair.

	
	eREG size (in REs)

	#eREGs
	Normal CP (144)
	Extended CP (128)

	8
	18
	16

	12
	12
	10.66667

	16
	9
	8

	24
	6
	5.333333

	36
	4
	3.555556


Since the table shows that highlighted #eREGs value of 8 or 16 may be a better fit, it is proposed that the number of eREGs per PRB pair be chosen from one of those two values e.g. 16 might be a better choice for more flexibility in RE-to-eREG mapping and pairing of eREGs.  For the extended CP case, a simple choice is to adopt the same number of eREGs per PRB pair as that for normal CP.  If close parity with the resulting eCCE size of normal CPs is considered important, then 12 eREGs per PRB pair may be a better choice for extended CP (and leaving some orphan REs).We propose the following for the normal CP case. 

Proposal 1: At least for normal CP, the number of eREGs per PRB pair is 16. 
In RAN1#69, it was also agreed that coding chain rate-matching is used around the CRS region up to the PDSCH starting position, PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported. Coding chain rate-matching is used around NZP-CSI-RS and ZP-CSI-RS per the working assumption in the same meeting. 

Therefore, the eREGs should be formed such that the “lost” REs (i.e. REs corresponding to CRS/PDCCH/PBCH, etc) do not create a large variation in the number of available REs of different eREGs or eCCEs. Two options are considered for eREG to RE mapping.by enumerating the physical available REs in a PRB pair (144 for NCP or 128 for ECP) for EPDCCH in a time-first or frequency-first manner, and by grouping every 16th available RE in an eREG. The options are shown in Figure 1. The time is along the horizontal axis and frequency is along the vertical axis. 
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(Time-first (TF) eREG mapping)



   (Frequency-first (FF) eREG mapping)

Figure 1. Sixteen eREGs formed within a PRB pair from the available 144 REs for NCP. (x-denotes DMRS REs, dark blue- CRS port 3/4 and light color is CRS port 0/1). Each RE belongs to the shown eREG index.
The two eREG mappings are compared based on the amount of available REs (after CRS, PDCCH REs are removed) in each of the 16 eREGs. Table 2 shows the number of REs in each eREG for various configurations of legacy PCFICH values, number of CRS antenna ports =2, and for non-MBSFN and MBSFN subframes. Figure 2 shows the useful number of REs in each of the sixteen eREGs. The picture indicates that the frequency-first mapping may have less variation compared to the time-first mapping.

Table 2. Useful number of REs in each eREG for each of the 16 eREGs for NCP, n denotes PCFICH value.
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Figure 2. Useful number of REs in each eREG for each of the 16 eREGs for different configurations for NCP.
After eREG formation, the eREGs are grouped to form a distributed eCCE mapping. Given eREG size of 9 REs, an eCCE for distributed transmission is formed by grouping four eREGs, which may belong to multiple PRBs pairs in case of  eREG interleaving (details in [2]).

A eCCE with localized configuration ,is formed by grouping every 4th available RE of a PRB pair in frequency-first manner into one eCCE. This is equivalent to grouping every fourth eREG index, i.e. eCCE_i is formed by grouping eREG{i,i+4,i+8,i+12}, for i = 0,1,2,3.

With this formation, the resulting eCCE size for the various configurations as shown below. 

Table 3. Resulting useful number of REs in an eCCE for NCP

[image: image5.wmf]eCCE0

eCCE1

eCCE2

eCCE3

FF, n=0

32

32

32

32

TF, 

n

 =0

32

36

32

28

FF, n

 =1

30

30

30

30

TF, 

n

 =1

28

36

28

28

FF, n

 =1,MBSFN

33

33

33

33

TF, 

n

 =1,MBSFN

30

36

30

36


The table indicates that FF mapping has slightly better distribution of useful number of REs per eCCE. Therefore, it is proposed to use frequency-first eREG mapping. 
Proposal 2: An eREG is obtained by grouping every 16th available RE of a PRB pair in frequency-first manner into one eREG. 
Proposal 3: At least for Normal CP, for distributed transmissions, an eCCE is formed by grouping four eREGs.

Proposal 4: At least for Normal CP and localized transmissions, an eCCE is formed by grouping every 4th available RE of a PRB pair in frequency-first manner into one eCCE. 
3   Conclusions
We propose the following conclusions for eREG and eCCE.

Proposal 1: At least for normal CP, the number of eREGs per PRB pair is 16.

Proposal 2: An eREG is obtained by grouping every 16th available RE of a PRB pair in frequency-first manner into one eREG. 
Proposal 3: At least for Normal CP, for distributed transmissions, an eCCE is formed by grouping four eREGs.

Proposal 4: At least for Normal CP and localized transmissions, an eCCE is formed by grouping every 4th available RE of a PRB pair in frequency-first manner into one eCCE. 
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