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1 Introduction

This contribution discusses the remaining issued of antenna port association for both localized and distributed transmission. 
Compared to our previous submission R1-124242, section 3 is revised in order not to use RRC signalling. DM-RS initialization part is removed.
2 Antenna port association for localized transmission

The following agreements and working assumptions have been reached so far:

Agreement from RAN1#69:

· 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

Agreement from RAN1#70: 
· 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) 
According to the agreement from RAN1#69, each eCCE index is associated with one antenna port by specification. Therefore, antenna port can be derived from eCCE index. In case of normal CP, 24 DMRS REs for EPDCCH is assumed, thus 4 DMRS antenna ports are available for EPDCCH. On the other hand, in normal CP case except for special subframe configs 1,2,6,7,9, there are 4 eCCEs within one PRB pair. Therefore, eCCE index to antenna port index can be one-to-one mapping. The relation between antenna port index (AP) and eCCE index
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In case of special subframe configs 1,2,6,7,9 with normal CP, there are 2 eCCEs within one PRB pair. Therefore, one eCCE index can be mapped to two antenna port index. Which antenna port to choose can be decided by C-RNTI and subframe number. 
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is derived from the C-RNTI according to Section 9.1.1 in TS 36.213, depending on C-RNTI and subframe number. This is similar to PDCCH case. The relation between antenna port index (AP) and eCCE index
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In case of extended CP, 12 DMRS REs for EPDCCH is assumed, thus 2 DMRS antenna ports are available for EPDCCH. On the other hand, in extended CP, there are 2 eCCEs within one PRB pair. Therefore, eCCE index to antenna port index can be one-to-one mapping. The relation between antenna port index (AP) and eCCE index
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If a DCI message uses multiple eCCEs in a PRB pair, one AP per PRB pair is selected among multiple associated APs. The selection can be based on C-RNTI or another UE-specific configuration based rule. In case N eCCEs are used by a DCI message in a PRB pair, one of the N APs are selected by 
[image: image8.wmf]k

Y

. 
[image: image9.wmf]k

Y

is derived from the C-RNTI according to Section 9.1.1 in TS 36.213, depending on C-RNTI and subframe number. This is similar to PDCCH case. Therefore, for normal CP, except special subframe configs 1,2,6,7,9, antenna port index (AP) is
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for special subframe configs 1,2,6,7,9 with normal CP, antenna port index (AP) is 
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for extended CP, antenna port index (AP) is 
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where 
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 is the lowest index of the used eCCEs in the PRB pair, 
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is derived from the C-RNTI according to Section 9.1.1 in TS 36.213, 
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is the number of eCCE the DCI message is using in the PRB pair and m = 0, 1.
From above discussion, we propose:
Proposal:

· for normal CP, except special subframe configs 1,2,6,7,9, antenna port index (AP) is
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· for special subframe configs 1,2,6,7,9 with normal CP, antenna port index (AP) is 
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· for extended CP, antenna port index (AP) is 
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where 
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 is the lowest index of the used eCCEs in the PRB pair, 
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is derived from the C-RNTI according to Section 9.1.1 in TS 36.213, 
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is the number of eCCE the DCI message is using in the PRB pair and m = 0, 1.
3 Antenna port association for distributed transmission

Agreement from RAN1#70: 

· 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)  

In extended CP case, only port 107 and 108 are available. Therefore, the two APs are port 107/108. In normal CP case, there are two different options which two APs are used in a cell:

· Option 1: CDM’ed ports  (usage of port 107/108 or port 109/110)

If port 107/108 are used, power can be boosted on port 107/108 using the power from REs for port 109/110. When power boosting is applied for port 107/108, interference to port 107/108 on neighbour cell would be larger than that of FDMed case. The orthogonality between port 107 and port 108 is not as good as that between port 107 and port 109. But it is more aligned with PDSCH rank 2 transmission and more aligned with extended CP case.
· Option 2: FDM’ed ports (usage of port 107/109 or port 108/110)

If port 107/109 are used, full power can be used on port 107/109 and power can be shared between port 107 and port 109. The orthogonality between port 107 and port 109 is better than that between port 107 and port 108. But it is not aligned with extended CP case.
As the cases when CDMed is better and the cases when FDMed is better are different depending on the deployment, our first preference is to have the configurability. On the other hand, if not to use RRC is so important, we slightly prefer CDM’ed ports because of similarity with extended CP and PDSCH rank 2 operation. We are also fine to agree FDMed ports.
In addition, in order to support different TPs for different EPDCCH sets, two EPDCCH sets should be associated with different APs. So we propose EPDCCH set 0 uses port 107/108, EPDCCH set 1 uses port 109/110. If conclusion is FDM port, EPDCCH set 0 uses port 107/109, EPDCCH set 1 uses port 108/110.

Proposals:
· In extended CP case, port 107/108 are used for both EPDCCH sets;
· In normal CP case, if CDM’ed ports are used, port 107/108 are used for EDCCH set 0 and port 109/110 are used for EPDCCH set 1.
4 Summary

This contribution discusses the issues for further study regarding reference signals for ePDCCH transmission and provides our view on these issues.

Based on the discussion, the following proposals are made:

Proposals for localized EPDCCH:
· for normal CP, except special subframe configs 1,2,6,7,9, antenna port index (AP) is
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· for special subframe configs 1,2,6,7,9 with normal CP, antenna port index (AP) is 
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· for extended CP, antenna port index (AP) is 
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where 
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is derived from the C-RNTI according to Section 9.1.1 in TS 36.213, 
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is the number of eCCE the DCI message is using in the PRB pair and m = 0, 1.
Proposals for distributed EPDCCH:
· In extended CP case, port 107/108 are used for both EPDCCH sets;
· In normal CP case, if CDM’ed ports are used, port 107/108 are used for EDCCH set 0 and port 109/110 are used for EPDCCH set 1.
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