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1. Introduction

In RAN1 session #70 [1], the follow is agreed.
· 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.
· 16 eREGs has #0 to #15 indices. 
Regarding the eREG/eCCE to RE mapping, the agreement is
· 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. 
However, there’s no consensus yet about the details on eREG to RE mapping. In this paper, our views are provided for the RE mapping. Further, the antenna association between RE and DM-RS ports is discussed, based on the proposed eREG to RE mapping mechanism. 


2. eREG to RE Mapping
It was agreed that a PRB pair is divided into 16 eREGs, indexing from #0 to #15 for both localized and distributed transmission. Obviously, the maximum diversity could be obtained if an ePDCCH candidate is distributed to eREGs in different PRB pairs within the same ePDCCH set, in case of distributed transmission.  In addition, the resource utilization efficiency can be further improved if a common physical structure is shared for both localized and distributed transmission. 
There are two advantages to have REs of one logical eREG uniformly separated within one PRB pair. One advantage is that each eREG will have comparable RE number even when there is collision with reference signal and other physical channels. Another advantage is to average the channel estimation accuracy of each eREG.  
To achieve this, one possible way is to map the eREG indices to REs except the ones for DMRS sequentially from 0 to 15 in a manner of frequency first and then time within each PRB pair and further add a cyclic offset based on the OFDM index. As illustrated in Figure 1, a PRB pair is divided into 9 groups, indexing from 0 to 8. The REs from these groups with the same index form one logical eREG, i.e., 9 REs per eREG. From this figure, eREG #0 is formed by REs indexing 0 from these groups, marked as yellow, and REs indexing 6 form eREG#6, marked as red. One thing is REs of 16 eREGs could be grouped into 8 groups in case of extended CP (indexing from 0 to 7), as illustrated in Figure 2. There are 8 REs per logical eREG under extended CP.    
Each group is first mapped in frequency domain and then time domain. There is a cyclic offset for each group (no cyclic offset for the 1st group) and the cyclic offset value depends on the OFDM symbols index where this group of REs starts to map. In Figure 1, 1 offset is added to the second group of 16 REs since such group of REs start at OFDM symbol #1. Following the same rule, the cyclic shift is 11 for the 9th group of REs, and then the 1st RE in this group is indexed as 11. 
In case of MBSFN subframes which are used for PDSCH transmission, such rule could also be applied.  There is no MBSFN RS under such case. 

Note that different from the normal subframes, the GP and UpPTS couldn’t be used for ePDCCH transmission in special subframes. The detail could be referenced to Figure 3 ~ Figure 5. The gray areas in these figures are not used for ePDCCH transmission under certain configurations of special subframes. 
From Figure 1 ~ Figure 5, it could be found that REs from one logical eREG are distributed evenly within a PRB pair, either from frequency perspective or time domain. Table 1 summarizes the RE number of each eREG according the mapping pattern in Figure 3 ~ Figure 5. Obviously, RE number per eREG is quite comparable under different configurations.
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Figure 1  Normal subframes (FDD or non special subframes in TDD) under normal CP
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Figure 2 Normal subframes (FDD or non special subframes in TDD) under extended CP
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Figure 3  Special subframes with configuration 3, 4 and 8 under nomal CP
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Figure 4  Special subframes with configuration 1, 2, 6 and 7 under nomal CP
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Figure 5 Special subframes with configuration 1, 2, 3 and 6 under extended CP
Table 1    RE number per eREG under different configurations
	
	Special SF under normal CP

(Configuration #)
	Special SF under extended CP (Configuration #)

	
	# 1/6
	# 2/7
	# 3/8
	# 4
	#1/5
	# 2/6
	# 3

	eREG#0
	5
	6
	7
	8
	5
	6
	7

	eREG#1
	5
	6
	7
	8
	5
	6
	7

	eREG#2
	5
	6
	7
	8
	5
	6
	7

	eREG#3
	5
	6
	7
	7
	5
	6
	7

	eREG#4
	5
	6
	7
	7
	5
	6
	7

	eREG#5
	5
	6
	6
	7
	5
	6
	7

	eREG#6
	5
	6
	6
	7
	5
	6
	7

	eREG#7
	5
	6
	6
	7
	6
	6
	7

	eREG#8
	6
	6
	6
	7
	6
	7
	7

	eREG#9
	6
	6
	7
	7
	6
	7
	7

	eREG#10
	6
	6
	7
	7
	6
	7
	7

	eREG#11
	6
	6
	7
	8
	6
	7
	7

	eREG#12
	5
	6
	7
	8
	6
	6
	7

	eREG#13
	5
	6
	7
	8
	6
	6
	7

	eREG#14
	5
	6
	7
	8
	6
	6
	7

	eREG#15
	5
	6
	7
	8
	5
	6
	7


As mentioned before, eREGs forming one logical eCCE could be distributed over multiple PRB pairs within the same ePDCCH set to obtain frequency diversity gain. At the same time, the performance of each eCCE could be comparable if there is little variation in RE number of each eCCE. Therefore, we have the following proposal.
Proposal #1: A cyclic shift to the assigned eREG indices based on the OFDM symbol index should be added to distribute the REs of eREG evenly within a PRB pair. 


3. RE to DM-RS Port Association for Spatial Diversity Transmission
Regarding to the spatial diversity transmission for ePDCCH, the agreement in RAN1 #70 is shown as follows.
· The group of REs defined in spatial diversity transmission is 1 RE

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)
From the agreements, it remains open about the association between REs and DM-RS ports and which two APs will be used in the spatial diversity transmission for ePDCCH.  For which two APs to be used for spatial diversity transmission, there are three alternatives:

Alt. #1: Either AP107+108 or AP109+110

· One precoder is applied on AP107; the other precoder is applied on AP108

· In MU-MIMO, AP107+108 can be assigned to an UE; AP109+110 can be assigned to another UE

Alt. #2: Either AP107+109 or AP 108+110

· One precoder is applied on AP107; the other precoder is applied on AP109
· In MU-MIMO, AP107+109 can be assigned to an UE; AP108+110 can be assigned to another UE
Alt. #3: AP107+109+108+110
· One precoder is applied on AP107+109; the other precoder is applied on AP108+110

· No MU-MIMO can be applied

From our views, Alt. #2 is slightly preferred because more orthogonal DM-RS REs for better channel estimation accuracy when SU-MIMO is considered though performance of Alt. #1 and #2 is the same when considering MU-MIMO. For Alt. #3, it provides the same number of orthogonal DM-RS REs for channel estimation as Alt. #2 in SU-MIMO but MU-MIMO operation can’t be supported in Release 11 ePDCCH design and it may not be good for CoMP scenario 4.
For how to associate RE with DM-RS ports, based on the described mechanism about eREG to RE mapping in previous section, the defined groups of REs can be associated with either AP107 or AP109 to enable per-RE precoding cycling. In other words, one precoder is shared by the REs in same group. For example, the even indexed groups of REs are associated with AP107 and the odd indexed groups are associated with AP109. Then, the REs of each eREG could be mapped to either AP107 or AP109 and different precoders are applied to one eREG. Then, the maximum spatial diversity order can be obtained within one eREG. Therefore, we have the following proposals.
Proposal #2: Either antenna port pair 107/109 or 108/110 is used for spatial diversity transmission.

Proposal #3: RE to DM-RS port association for spatial diversity transmission can be obtained by associating different groups of contiguous REs mapped to eREG #0 to eREG #15 with different DM-RS ports sequentially to maximize the spatial diversity.


4. Conclusion

In this paper, eREG to RE mapping and RE to DM-RS association for spatial transmission diversity transmission are discussed. The proposals are concluded as follows.  
Proposal #1: A cyclic shift to the assigned eREG indices based on the OFDM symbol index should be added to distribute the REs of eREG evenly within a PRB pair. 
Proposal #2: Either antenna port pair 107/109 or 108/110 is used for spatial diversity transmission.

Proposal #3: RE to DM-RS port association for spatial diversity transmission can be obtained by associating different groups of contiguous REs mapped to eREG #0 to eREG #15 with different DM-RS ports sequentially to maximize the spatial diversity. 
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