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1. Introduction

This contribution discusses remaining details of eREG to RE mapping and eCCE to eREG mapping, based on following agreements reached in the past RAN1 meeting: 

Agreement: 

· eREG definition:

· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices

Agreement: 

· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 

· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· The UE is not expected to receive EPDCCH in a special subframe with special subframe configuration 0 or 5 in normal CP, or special subframe configuration 0, 4, or 7 in extended CP.
· The eREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same eREG to RE mapping

· The eREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· eREG indices are sequentially mapped  to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair 

· It is FFS whether to support cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS.
2.  eREG to RE mapping
For normal subframe with normal CP, figure 1 illustrates the agreed eREG mapping method and take CRS and PDCCH region into account. As a result, table 1 shows the number of REs in 1 eREG been rate-matched by CRS and PDCCH with different configuration. It shows that the maximum difference between eREG in terms of number of available RE is 3. X is the nominal size of eREG figure 1. [image: image1.png]o [T 4 0 D [ o 12 D D
1 13 5 1 D 5 1 13 D D
2 14 [ 2 2 6 2 14 4 10
s [Tas ] T 3 3 [ s 15 5 11
4 0 8 4 4 8 4 0 6 12
5 1 9 5 D 9 5 1 D D
I | 10 3 D T 2 D D
7 3 11 7 5 11 7 3 7 13
8 4 12 8 [ 12 8 4 8 14
I | 13 9 T /I 5 9 15
10 [ 14 10 D 14 10 [ D D
11 7 15 11 D 15 11 7 D D





Figure1. Normal CP下eREG mapping
	
	CFI=1
	CFI=2
	CFI=3
	CFI=4

	
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 

	eREG0
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-4RE
	X-4RE

	eREG1
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-5RE
	X-5RE
	X-5RE
	X-5RE

	eREG2
	X-1RE
	X-2RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-3RE
	X-3RE

	eREG3
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-4RE
	X-4RE

	eREG4
	X-1RE
	X-2RE
	X-2RE
	X-3RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE

	eREG5
	X-1RE
	X-2RE
	X-2RE
	X-2RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE

	eREG6
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE

	eREG7
	X-1RE
	X-2RE
	X-2RE
	X-3RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE

	eREG8
	X-3RE
	X-3RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-5RE
	X-5RE

	eREG9
	X-2RE
	X-2RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE

	eREG10
	X-1RE
	X-2RE
	X-1RE
	X-1RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE

	eREG11
	X-3RE
	X-3RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-5RE
	X-5RE

	eREG12
	X-0RE
	X-1RE
	X-1RE
	X-1RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE

	eREG13
	X-0RE
	X-1RE
	X-1RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE

	eREG14
	X-2RE
	X-2RE
	X-3RE
	X-3RE
	X-4RE
	X-4RE
	X-5RE
	X-5RE

	eREG15
	X-0RE
	X-1RE
	X-1RE
	X-1RE
	X-2RE
	X-2RE
	X-3RE
	X-3RE


                                        Table1 the number of available RE in eREG, normal subframe with  normal CP
For extend CP, eREG mapping is in figure 2. Number of available REs is shown in Table 2. Yis the nominal size of eREG figure 2.
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Figure2. Extend CP下eREG mapping

	
	CFI=1
	CFI=2
	CFI=3
	CFI=4

	
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 

	eREG0
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE

	eREG1
	Y-1RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-3RE
	Y-3RE

	eREG2
	Y-1RE
	Y-3RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-3RE
	Y-4RE

	eREG3
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE

	eREG4
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE

	eREG5
	Y-1RE
	Y-3RE
	Y-2RE
	Y-3RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE

	eREG6
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE

	eREG7
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE

	eREG8
	Y-1RE
	Y-1RE
	Y-1RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE

	eREG9
	Y-2RE
	Y-2RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE

	eREG10
	Y-3RE
	Y-3RE
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-4RE
	Y-4RE

	eREG11
	Y-1RE
	Y-1RE
	Y-1RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE

	eREG12
	Y-0RE
	Y-2RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE

	eREG13
	Y-3RE
	Y-3RE
	Y-4RE
	Y-4RE
	Y-5RE
	Y-5RE
	Y-5RE
	Y-5RE

	eREG14
	Y-0RE
	Y-0RE
	Y-1RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE

	eREG15
	Y-0RE
	Y-2RE
	Y-1RE
	Y-2RE
	Y-2RE
	Y-3RE
	Y-3RE
	Y-4RE


                                          Table2. the number of available RE in eREG, normal subframe with  extend CP

CSI-RS have multiple patterns. However, it transmission cycle is relatively longer. Then it is not representative for eREG mapping.
Figure 1/2 has shown that uneven number of available REs among eREGs is not severe. It could be further mitigated by careful design of eCCE to eREG mapping. The number of available eCCE is the target of design, since it is the minimum size of candidates. Also with the considering of D-ePDCCH and L-ePDCCH multiplexing, simple indexing of eREG is desirable. Similarly for channel estimation, the careful eCCE to eREG mapping will also mitigate the problem of uneven distribution of eREG. 

The figures do not show the case for CRS shifting. Nevertheless, it should be noted that the CRS shifting can not be mitigated by simply shifting the eREG indices. Then, if there are randomization schemes needed, interleave REs in eREG would be preferred.

Proposal 1: It is not sufficient to only cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS. If there are randomization schemes needed, interleave REs in eREG would be preferred.
3. Localized eCCE to REG mapping

For Normal CP, although eREGs do not have even number of REs, the eREG set {0,4,8,12}，eREG set {1,5,9,13}，eREG set {2,6,10,14} and eREG set {3,7,11,15} have even number of available REs in the above metioned cases. Table 3 shows the number of REs for that 4 sets:
	
	                                         Normal subframe (normal CP)

	
	             CFI=0
	CFI=1
	CFI=1
	CFI=3

	
	2 CRS
	4 CRS
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 

	eREG{0,4,8,12}
	4X-6RE
	4X -8RE
	4X -9RE
	4X -10RE
	4X -12RE
	4X -13RE
	4X -15RE
	4X -16RE

	eREG{1,5,9,13}
	4X -6RE
	4X -8RE
	4X -9RE
	4X -10RE
	4X -12RE
	4X -13RE
	4X -15RE
	4X -16RE

	eREG{2,6,10,14}
	4X -6RE
	4X -8RE
	4X -9RE
	4X -10RE
	4X -12RE
	4X -13RE
	4X -15RE
	4X -16RE

	eREG{3,7,11,15}
	4X -6RE
	4X -8RE
	4X -9RE
	4X -10RE
	4X -12RE
	4X -13RE
	4X -15RE
	4X -16RE


                                                                              Table3. eCCE to eREG mapping with proper spaceing  
	
	                                         Normal subframe (normal CP)

	
	             CFI=0
	CFI=1
	CFI=1
	CFI=3

	
	2 CRS
	4 CRS
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 
	2 CRS 
	4 CRS 

	eREG{0,1,2,3}
	4X-7RE
	4X -9RE
	4X -12RE
	4X -12RE
	4X -16RE
	4X -16RE
	4X -16RE
	4X -16RE

	eREG{4,5,6,7}
	4X -5RE
	4X -8RE
	4X -11RE
	4X -11RE
	4X -9RE
	4X -11RE
	4X -13RE
	4X -15RE

	eREG{8,9,10,11}
	4X -9RE
	4X -10RE
	4X -9RE
	4X -10RE
	4X -13RE
	4X -14RE
	4X -17RE
	4X -18RE

	eREG{12,13,14,15}
	4X -2RE
	4X -5RE
	4X -6RE
	4X -7RE
	4X -10RE
	4X-11RE
	4X -14RE
	4X -15RE


                                                                              Table4.  eCCE to eREG mapping, continous eREGs
It can be observed that the continues selection of eREGs will results in more uneven numbers of REs for CCEs. It would be easier to restrict the uneven number of REs by mapping eCCE to eREG with careful selection of eREG sets. This will also reduce the complexity of mapping.
Figure 4 shows the mapping scheme. This gives kind of block structures.
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 Figure 4.L-eCCE to eREG mapping, eCCE is formed by 4 or 8 eREGs
Proposal 2:L-eCCE should be mapped into eREGs with even spaced index. L-eCCE mapping to eREGs should be same regardless of the PRB pairs.
4. Distrbuted eCCE to eREG mapping

For distributed eCCE to eREG mapping, the avaibable REs for eCCE should also be even as possible. 1 distributed eCCE should select different eREG among different PRBs. To reduce the blocking to localized eCCE, those selected eREGs should be in same index of L-eCCE.
· eCCE is formed by 4 eREGs and  a distributed ePDCCH set contain 2 PRB pair
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· eCCE is formed by 4 eREGs, and  N= 4
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· eCCE is formed by 4  eREGs, and N= 8
4 PRB pair is selected from 8, and mapped as N=4.
· eCCE is formed by 8 eREGs, and N= 2
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· eCCE is formed by 8 eREGs, and N= 4
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eCCE is formed by 8 eREGs, and N= 8
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Proposal 3: A D-eCCE is mapped to different eREGs for different PRB pairs; the eREGs should be from same index(s) of L-eCCE in all PRB pairs.
5. Conclusions
The further details for eCCE to eREG mapping are analyzed and examples of mapping schemes are illustrated in above. The design is try to target on the reference configurations. Also, we emphasize the proper design for supporting multiplexing between distributed and localized transmission, which is agreed principle in earlier meeting.  We can summarize our proposal as:
Proposal I: It is not sufficient to only cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS. If there are randomization schemes needed, interleave REs in eREG would be preferred.
Proposal II: L-eCCE should be mapped into eREGs with even spaced index. L-eCCE mapping to eREGs should be same regardless of the PRB pairs.
Proposal III: A D-eCCE is mapped to different eREGs for different PRB pairs; the eREGs should be from same index(s) of L-eCCE in all PRB pairs.
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