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1 Introduction
This contribution discusses the design of eREG and eCCE. Following are discussed.
- how PRB pair is divided to eREGs
- how many eREGs are used for one eCCE
- eREG to RE mapping
- eREG to eCCE construction
2 Discussion
Number of eREGs in a PRB pair
At RAN1#69 meeting, it was agreed 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} equal-sized non-overlapping resource element groups (eREG). The maximum diversity order in aggregation level 1 is depending on the number of eREGs per PRB pair as show in Table 1. In this table, one eCCE is formed by 36REs.
Table 1 The number of REs per one eREG and eREGs per one eCCE
	The number of eREGs per one PRB pair
	8
	12
	16
	24
	36

	The number of REs per one eREG
	18
	12
	9
	6
	4

	The number of eREGs per one eCCE when eCCE is formed by 36REs.
	2
	3
	4
	6
	9


We compare the BLER performances among 8, 16 and 32 eREGs per one PRB pair as shown in Figure 1.The simulation assumptions of diversity order is shown in Table 2. Other simulation assumptions are given in Appendix. 
Table 2 diversity order
	The number of eREGs per PRB pair
	8
	16
	36

	Aggregation level 1
	Frequency :2
Spatial :none
	Frequency :4
Spatial : none
	Frequency :9
Spatial : none

	Aggregation level 2
	Frequency :4
Spatial : none
	Frequency :8
Spatial : none
	Frequency :9
Spatial :2


The number of actual usage of REs per PDSCH for ePDCCH depends on the number of REs for PDCCH and CRS. In Figure 1(a), no PDCCH and no CRS are evaluated. In Figure 1(b), 2 OFDM symbol of PDCCH and 2 port CRS are evaluated. . For Figure 1(b), each eREG has 27 REs.
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(a) 144 REs for ePDCCH per PRB pair (no PDCCH and no CRS)
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(b) 108 REs for ePDCCH per PRB pair (2 OFDM symbol PDCCH and 2 port CRS)
Figure 1 BLER performances among 8, 16 and 32 eREGs per one PRB pair
We observe that 36 REs per PRB pair has gain over 16 eREGs per PRB pair in aggregation level 1 since the diversity order is about twice. However, 36 REs per PRB pair requires 9 PRB pairs for ePDCCH. It reduces the available PRBs for the PDSCH. We see that 16 eREGs per PRB pair has good balance between diversity gain and PRB usage. We propose one PRB pair is divided into 16 eREGs and an eCCE is formed by 4 eREGs in normal subframe. 
The special subframe requires different calculation. The number of eREGs per eCCE should be depending on the duration of DwPTS. For special subframe configuration, DwPTS lengths are 3, 9, 10, 11 and 12 OFDM symbols in normal subframe. In case of DwPTS with 3 OFDM symbols (special subframe configuration 0 and 5), we think that the duration is too short duration for meaningful ePDCCH transmissions; anyway the PDCCH will occupy at least 1 of those OFDM symbols in case of a backward compatible cell, and can be used for DCI transmissions. Therefore, it is not necesasry to support ePDCCH in DwPTS with 3 OFDM symbols. For other configurations, in case of 1 OFDM symbol of PDCCH, the numbers of actual usage of REs are 76, 88, 100 and 108 REs in each 9, 10, 11 and 12 OFDM symbols. The number of actual usage of REs is counted without REs for DMRS(12REs), CRS (8 or 12 in OFDM symbol #4, #7, #11) and 1 OFDM symbol of PDCCH(12REs). When one PRB pair is divided into 16 eREGs, averages REs in a eREG are 4.75, 5.5, 6.25 and 6.75 REs in each 9, 10, 11, 12 OFDM symbols. We consider at least 25 REs is necessary to form a CCE. Then we propose that an eCCE is formed by 8 eREGs in special subframe with 9 and 10 OFDM symbols (i.e special subframe configuration 1,2,6 and 7) and eCCE is formed by 4 eREGs in special subframe with 11 and 12 OFDM symbols (i.e special subframe configuration 3,4, and 8).
Proposal 1: PRB pair is divided into 16 eREGs in normal subframe and special subframe
Proposal 2: an eCCE is formed by 4 eREGs in normal subframe
Proposal 3: an eCCE is formed by 8 eREGs in special subframes configuration 1, 2, 6 and 7
an eCCE is formed by 4 eREGs in special subframes configuration 3, 4, and 8
Exact eREG mapping to REs and eCCE mapping to eREGs
In order to efficiently support frequency-domain ICIC, beamforming and/or diversity, an ePDCCH should be mapped to all OFDM symbols in a PRB pair as much as possible. Then we propose eREG indexes are mapped on OFDM symbol (time) first as shown in Figure 2. The number in RE (square box) shows eREG indexes. In this mapping, each eREG is distributed across OFDM symbols. For simple design, we propose eREG mapping to RE is fixed and it is not depending on the PRB pair#, subframe #, CRS shift position and other parameters. In special subframe, DMRS position is different from normal subframe. Therefore eREG# to REs mapping should be different form normal subframe and the number of REs per eREG is not equal-size.
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(a) normal subframe
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(b) special subframes configuration 3,4, and 8            (c) special subframes configuration 1,2,6 and 7
Figure 2  eREG mapping
In this mapping, the number of actual usage REs per an eREG is unbalance because of REs for CRS and PDCCH. In order to average the number of actual usage REs per an eCCE, we propose eCCE is formed by different 4 eREG indexes within same group N (N= eREG index modulo 4) for normal subframe and special subframes configuration 3,4, and 8. eCCE#0 is formed by eREG #0, eREG#4, eREG#8, eREG#12. For distributed transmission with 4 PRB pair in a search space, eCCE#0 is distributed to eREG#0 in PRB pair #A, eREG#4 in PRB pair #B, eREG#8 in PRB pair #C, eREG#12 in PRB pair #D as shown in Figure 3 and Table 3. For special subframes configuration 1, 2, 6 and 7, eCCE is formed by different 8 eREG indexes within same group N’ (N’= eREG index modulo 2). In this case, eCCE#0 is formed by eREG #0, eREG #2, eREG#4, eREG #6 eREG#8, eREG #10, eREG#12, eREG #14. eCCE to eREG mapping for 4 PRB pair in a serach space is shown in Table 4
Table 3 eCCE to eREG mapping for distributed
in normal subframe and special subframes configuration 3, 4, and 8
	
	PRB pair #A
	PRB pair #B
	PRB pair #C
	PRB pair #D
	[image: image6.emf] 

PRB pairs

0

0

0

0

0 0

0

0

0

OFDM symbols

4

4

4

4 4

4

4

4

4

8

8

8

8

8

8

8

8

8

12

12

12

12

12

12

12

12 12

PRB pair 

#A

PRB pair 

#B

PRB pair 

#C

PRB pair 

#D


Figure 3  mapping of eCCE#0 in normal subframe

	eCCE#0
	eREG #0
	eREG #4
	eREG#8
	eREG#12
	

	eCCE#1
	eREG#1
	eREG#5
	eREG#9
	eREG#13
	

	eCCE#2
	eREG#2
	eREG#6
	eREG#10
	eREG#14
	

	eCCE#3
	eREG#3
	eREG#7
	eREG#11
	eREG#15
	

	eCCE#4
	eREG #4
	eREG #0
	eREG#12
	eREG#8
	

	eCCE#5
	eREG#5
	eREG#1
	eREG#13
	eREG#9
	

	eCCE#6
	eREG#6
	eREG#2
	eREG#14
	eREG#10
	

	eCCE#7
	eREG#7
	eREG#3
	eREG#15
	eREG#11
	

	eCCE#8
	eREG#8
	eREG#12
	eREG #0
	eREG #4
	

	eCCE#9
	eREG#9
	eREG#13
	eREG#1
	eREG#5
	

	eCCE#10
	eREG#10
	eREG#14
	eREG#2
	eREG#6
	

	eCCE#11
	eREG#11
	eREG#15
	eREG#3
	eREG#7
	

	eCCE#12
	eREG#12
	eREG#8
	eREG #4
	eREG #0
	

	eCCE#13
	eREG#13
	eREG#9
	eREG#5
	eREG#1
	

	eCCE#14
	eREG#14
	eREG#10
	eREG#6
	eREG#2
	

	eCCE#15
	eREG#15
	eREG#11
	eREG#7
	eREG#3
	

	
	


Table 4 eCCE to eREG mapping for distributed in subframes configuration 1, 2, 6 and 7
	
	PRB pair #A
	PRB pair #B
	PRB pair #C
	PRB pair #D

	eCCE#0

	eREG #0
	eREG #4
	eREG#8
	eREG#12

	
	eREG#2
	eREG#6
	eREG#10
	eREG#14

	eCCE#1
	eREG#1
	eREG#5
	eREG#9
	eREG#13

	
	eREG#3
	eREG#7
	eREG#11
	eREG#15

	eCCE#2
	eREG #4
	eREG #0
	eREG#12
	eREG#8

	
	eREG#6
	eREG#2
	eREG#14
	eREG#10

	eCCE#3
	eREG#5
	eREG#1
	eREG#13
	eREG#9

	
	eREG#7
	eREG#3
	eREG#15
	eREG#11

	eCCE#4
	eREG#8
	eREG#12
	eREG #0
	eREG #4

	
	eREG#10
	eREG#14
	eREG#2
	eREG#6

	eCCE#5
	eREG#9
	eREG#13
	eREG#1
	eREG#5

	
	eREG#11
	eREG#15
	eREG#3
	eREG#7

	eCCE#6
	eREG#12
	eREG#8
	eREG #4
	eREG #0

	
	eREG#13
	eREG#10
	eREG#6
	eREG#2

	eCCE#7
	eREG#14
	eREG#9
	eREG#5
	eREG#1

	
	eREG#15
	eREG#11
	eREG#7
	eREG#3


The number of REs per eCCE in normal subframe is shown in Table 5. In Table 5, we assume a CRS pattern as shown in Figure 4. The number of actual usage REs per eREG is unbalanced depending on the exact available usable numbr of REs. However, the number of REs per eCCE is fixed in 27. This is because that 3 REs out of 12 REs for CRS in OFDM symbol 4,7 and 11 are overlapped in each eCCEs. For other CRS shift patterns, the number of REs per eCCE is also constant 27.
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Figure 4
Table 5 the number of REs per eREG and eCCE
	eREG#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	The number 
of REs per
eREG
	no PDCCH
no CRS
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	
	PDCCH length 2 
2 ports CRS
	6
	5
	7
	6
	7
	7
	6
	7
	6
	7
	8
	6
	8
	8
	6
	8

	eCCE#
	eCCE #0
(eREG# 0 4 8 12)
	eCCE #1
(eREG# 1 5 9 13)
	eCCE #2
(eREG# 2 6 10 14)
	eCCE #3
(eREG# 3 7 11 15)

	The number 
of REs per
eCCE
	no PDCCH
no CRS
	36
	36
	36
	36

	
	PDCCH length 2 
2 ports CRS
	27
	27
	27
	27


In addition, for narrow band, the number of PRB pair for search space should be small. For narrow band operation, eNB can indicated PRB pair A=B=C=D as shown in Figure 5. The same eREG design of distributed transmission can be used for narrow band operation. 
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Figure 5
Proposal 4: The eREG to RE mapping is fixed and it is not depending on the PRB pair#, subframe #, CRS shift position or other parameters in normal subframe.
Proposal 5: eREG indices are mapped on OFDM symbol (time) first
Proposal 6: eCCE is formed by different 4 eREG indices within same group N (N= eREG index modulo 4) in normal subframe and special subframe configuration 3, 4, and 8. eCCE is formed by different 8 eREG indices within same group N’ (N’= eREG index modulo 2) in special subframes configuration 1, 2, 6 and 7 

Proposal 7: ePDCCH is not supported in special subframes configuration 0 and 5
Partial distributed transmission 

If an eCCE is distributed only two PRB pair in [1], different PRB pair to eREG mapping is required. In this case, also an eCCE can be formed by different 4 eREG indexes within same group N (N= eREG index modulo 4). Table 6 show the eCCE to eREG mapping for partial distributed.
Table 6 eCCE to eREG mapping for partial distributed 
	
	PRB pair #A
	PRB pair #B

	eCCE#0
	eREG #0
	eREG #4
	eREG#8
	eREG#12

	eCCE#1
	eREG#1
	eREG#5
	eREG#9
	eREG#13

	eCCE#2
	eREG#2
	eREG#6
	eREG#10
	eREG#14

	eCCE#3
	eREG#3
	eREG#7
	eREG#11
	eREG#15

	
	PRB pair #B
	PRB pair #A

	eCCE#4
	eREG #4
	eREG #0
	eREG#12
	eREG#8

	eCCE#5
	eREG#5
	eREG#1
	eREG#13
	eREG#9

	eCCE#6
	eREG#6
	eREG#2
	eREG#14
	eREG#10

	eCCE#7
	eREG#7
	eREG#3
	eREG#15
	eREG#11

	
	PRB pair #C
	PRB pair #D

	eCCE#8
	eREG#8
	eREG#12
	eREG #0
	eREG #4

	eCCE#9
	eREG#9
	eREG#13
	eREG#1
	eREG#5

	eCCE#10
	eREG#10
	eREG#14
	eREG#2
	eREG#6

	eCCE#11
	eREG#11
	eREG#15
	eREG#3
	eREG#7

	
	PRB pair #D
	PRB pair #C

	eCCE#12
	eREG#12
	eREG#8
	eREG #4
	eREG #0

	eCCE#13
	eREG#13
	eREG#9
	eREG#5
	eREG#1

	eCCE#14
	eREG#14
	eREG#10
	eREG#6
	eREG#2

	eCCE#15
	eREG#15
	eREG#11
	eREG#7
	eREG#3


Localized transmission
For localized transmission, same eREG design can be used. An eCCE is formed by different 4 eREG indexes within same group N (N= eREG index modulo 4) in a PRB pair. If same eREG design is supported, it is possible that multiplexing of eREGs for localized transmission and eREGs for distributed transmission in a PRB pair. However, the antenna port mapping might be different between localized transmission and distributed transmission. In that case, it might be difficult to share PRB pair between localized transmission and distributed transmission.
Table 7 eCCE to eREG mapping for localized transmission
	eCCE#0
	PRB pair #A
	eREG #0
	eREG #4
	eREG#8
	eREG#12

	eCCE#1
	
	eREG#1
	eREG#5
	eREG#9
	eREG#13

	eCCE#2
	
	eREG#2
	eREG#6
	eREG#10
	eREG#14

	eCCE#3
	
	eREG#3
	eREG#7
	eREG#11
	eREG#15

	eCCE#4
	PRB pair #B
	eREG #4
	eREG #0
	eREG#12
	eREG#8

	eCCE#5
	
	eREG#5
	eREG#1
	eREG#13
	eREG#9

	eCCE#6
	
	eREG#6
	eREG#2
	eREG#14
	eREG#10

	eCCE#7
	
	eREG#7
	eREG#3
	eREG#15
	eREG#11

	eCCE#8
	PRB pair #C
	eREG#8
	eREG#12
	eREG #0
	eREG #4

	eCCE#9
	
	eREG#9
	eREG#13
	eREG#1
	eREG#5

	eCCE#10
	
	eREG#10
	eREG#14
	eREG#2
	eREG#6

	eCCE#11
	
	eREG#11
	eREG#15
	eREG#3
	eREG#7

	eCCE#12
	PRB pair #D
	eREG#12
	eREG#8
	eREG #4
	eREG #0

	eCCE#13
	
	eREG#13
	eREG#9
	eREG#5
	eREG#1

	eCCE#14
	
	eREG#14
	eREG#10
	eREG#6
	eREG#2

	eCCE#15
	
	eREG#15
	eREG#11
	eREG#7
	eREG#3


3 Summary
This contribution discussed the definition of eCCE and eREG. Based on the discussion the following proposals are made:
Proposal 1: PRB pair is divided into 16 eREGs in normal subframe and special subframe
Proposal 2: an eCCE is formed by 4 eREGs in normal subframe

Proposal 3: an eCCE is formed by 8 eREGs in special subframes configuration 1, 2, 6 and 7 
                    an eCCE is formed by 4 eREGs in special subframes configuration 3, 4, and 8
Proposal 4: The eREG to RE mapping is fixed and it is not depending on the PRB pair#, subframe #, CRS shift position or other parameters

Proposal 5: eREG indices are mapped on OFDM symbol (time) first
Proposal 6: eCCE is formed by different 4 eREG indices within same group N (N= eREG index modulo 4) in normal subframe and special subframe configuration 3, 4, and 8. eCCE is formed by different 8 eREG indices within same group N’ (N’= eREG index modulo 2) in special subframes configuration 1, 2, 6 and 7 

Proposal 7: ePDCCH is not supported in special subframes configuration 0 and 5
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Appendix
	Parameter
	Assumption/Value

	Channel model
	SCM-B (30km/h)

	Antenna and PRB pair configurations

	RBF(Random Beam Forming)

8 eREGs/PRB pair AL1   :AP7 PRB pair #0, #48 
8 eREGs/PRB pair AL2   :AP7 PRB pair #0, #15, #30, #40

16 eREGs/PRB pair AL1 :AP7 PRB pair #0, #15, #30, #40

16 eREGs/PRB pair AL2 :AP7 PRB pair #0, #6, #12, #18, #24, #30, #36, #42

32 eREGs/PRB pair AL1 :AP7 PRB pair #0, #6, #12, #18, #24, #30, #36, #42, #48

32 eREGs/PRB pair AL2 :AP7 PRB pair #0, #6, #12, #18, #24, #30, #36, #42, #48

                                         AP8 PRB pair #0, #6, #12, #18, #24, #30, #36, #42, #48

	DCI format
	1A(43 bit payload including CRC)

	SNR on x-axis
	Average SNR in aggregated RBs over the simulation run time

	System BW
	10 MHz

	Carrier Frequency
	2.0 GHz

	Modulation
	QPSK

	Precoding Model

	Precoding is randomly selected RB by RB without feedback and without overlap.
2x2 : Codebooks (0,1,2,3) with layer =1(TS 36.211 Table 6.3.4.2.3-1)

	Channel estimation
	Real channel estimation per RB pair


5
1
3GPP


