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1. Introduction

To support EPDCCH multiplexing within the PRB pair, in the RAN1#69 meeting, we made agreement as 
· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation
· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
· FFS whether a second AP with the same precoding as the one AP may be configured. 
· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP
· A many-to-one mapping can be considered further
· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

 And also, we agreed that specification transparent transmission diversity scheme should be used for distributed EPDCCH 
· 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)  

To complete the specification, we need to make a conclusion for the following discussions,
· For distributed EPDCCH, which two ports should be used? 
· For localized EPDCCH occupying more than one eCCE, AP associated to which eCCE should be used? 

In the contribution, we share our views on the above remaining issues.
2. AP association for distributed EPDCCH   
Since we do not support spatial multiplexing between distributed EPDCCHs nor between distributed EPDCCH and other channel, there is no necessity to configure different DM RS ports for different DCIs mapped on distributed EPDCCH. And also, since UE specific precoding is not mandatory for distributed EPDCCH, localized EPDCCH mapped on the same PRB pairs can share the same DM RS ports. Thus, it would be a natural assumption that DM RS ports for distributed EPDCCH are determined by specification. For better channel estimation, we suggest that ports 107 and 109 should be used for distributed EPDCCH demodulation. 
Proposal 1: AP 107 and 109 is used for distributed EPDCCH regardless of cell ID or C-RNTI. 
However, considering further utilization of distributed EPDCCH in future release as common search space on EPDCCH or dense small cell deployment where inter-cell interference would be severe, we would need to discuss the necessity of configurable APs for distributed EPDCCH in the next release.
3. AP association for localized EPDCCH  
Since eCCE to AP mapping is defined by specification, FDM among localized EPDCCHs can be supported within each PRB pair without any additional control signalling overhead. However, to support more flexible UE paring within PRB pairs or within eCCEs, we would need to support UE specific AP selection when more than one eCCE is used for DCI transmission via localized EPDCCH. 

Though RRC signalling based AP selection has been proposed, since either EPDCCH resource scheduling or MU-MIMO pairing is dynamic operation, the benefits of such semi-static RRC configuration are questionable. 

Observation: Additional RRC signaling is not necessary for AP association of localized EPDCCH occupying more than one eCCE. 

It would be general understanding that UE specific parameter such as C-RNTI would be beneficial to be used for AP selection. And also, to support more flexible UE pairing, other UE awared parameters or EPDCCH specific parameters such as aggregation level will be beneficial to be used for AP selection. 
Proposal 2: C-RNTI and aggregation level will be used for AP selection of localized EPDCCH mapped on more than one eCCE. 
Though subframe asynchronous CoMP is not considered for current release, considering the possibility on later release, it would be beneficial to include subframe index to be used for AP selection. 
Proposal 3: Subframe index could be used for AP selection of localized EPDCCH mapped on more than one eCCE. 

In PRB pairs composed by only two eCCEs in subframes with normal CP, since 4 DM RS ports can be used for EPDCCH transmission on eNB side, we would possibly support UE specific AP association for each eCCE. Figure 2 shows an example of UE specific eCCE to AP association at PRB pairs containing only two eCCEs. To support more flexible UE pairing in such PRB pairs, we suggest C-RNTI based eCCE to AP association where 107/109 APs or 108/110 APs will be mapped.
Proposal 4: In PRB pairs containing only two eCCEs in subframes with noremal CP, eCCE to AP mapping for aggregation level 1 would be determined by C-RNTI. 
By the proposals, we suggest AP mapping and selection rule for each subframess as following 

Case 1: In normal subframe (normal CP) or special subframe configurations 3, 4, 8 (normal CP)
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Case 2: In special subframe configurations 1, 2, 6, 7, 9 (normal CP) 
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Case 3: In normal subframe (extended CP) and special subframe configurations 1, 2, 3, 5, 6 (extended CP)
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where 
[image: image4.wmf]eCCE

n

 is the index of the first eCCE used in the PRB pair, 
[image: image5.wmf]k

Y

 is derived from the C-RNTI and subfrmae index [3], 
[image: image6.wmf]N

 is the number of eCCE used in the PRB pair, and L is the aggregation level.

The examples of AP mapping and selection are shown in figure 1, 2 and figure 3.
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 Figure 1: Antenna port association for localized E-PDCCH (Case 1)
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  Figure 2: Antenna port association for localized E-PDCCH (Case 2)
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  Figure 3: Antenna port association for localized E-PDCCH (Case 3)
4. Conclusion 
In this contribution, we discuss the remaining issues for EPDCCH DM RS ports association. For distributed EPDCCH, we suggest that antenna ports 107 and 109 are always used in Rel-11. However, we may need to discuss the RRC configurable AP selection between APs 107/109 and APs 108/110 in future release.
For localized EPDCCH with aggregation level higher than 1, AP selection should be performed based on C-RNTI and aggregation level of each DCI. The other parameters such as subframe index could also be used for AP selection. To support more flexible UE paring, in the subframes where only 2 eCCEs exist, we may configure AP mapping rule which depends on C-RNTI. Considering the flexibility of UE paring and UE side complexity for EPDCCH demodulation, we suggest the AP mapping and selection rule for each subframe as following. 
Case 1: In normal subframe (normal CP) or special subframe configurations 3, 4, 8 (normal CP)
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Case 2: In special subframe configurations 1, 2, 6, 7, 9 (normal CP) 
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Case 3: In normal subframe (extended CP) and special subframe configurations 1, 2, 3, 5, 6 (extended CP)
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where 
[image: image13.wmf]eCCE

n

 is the index of the first eCCE used in the PRB pair, 
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 is derived from the C-RNTI according to [3], 
[image: image15.wmf]N

 is the number of eCCE used in the PRB pair, and L is the aggregation level.
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