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1. Introduction

The ePDCCH antenna port association draws a lot of discussions in RAN1#69, and the following agreement is finally made as:
Agreement:

· 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

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Working Assumption:
· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for ePDCCH demodulation
· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.
Agreement:

· The spatial diversity scheme for ePDCCH is implementation-dependent beamforming (subject to specifying which antenna port is applicable for each group of REs)

· UE may assume that the same precoding applies on all REs of one ePDCCH within one group of REs (1 <= one group of REs <= PRB pair, exact details FFS).

· One antenna port is identified to the UE as the phase reference for each group of REs

Way forward until RAN1#70:

· Aim to include the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts. 

· FFS from UE perspective whether a UE can be configured to monitor both localised and distributed candidates in the same PRB pair. 

In this contribution, we try to discuss further details on the antenna port association of ePDCCH.
2. Discussion 
2.1 Localised scheme

In RAN1#69, for localised ePDCCH, it is agreed that 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 for reduction on channel estimation complexity. And it is working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP. However, this working assumption will still result in some additional UE complexity on channel estimation and make aggregation level 1 ePDCCH have no possibility for MU-MIMO.
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Figure1. An example of decoding candidates of both aggregation level 1 and 2 be multiplexed in a PRB pair

We can further have some ways to reduce the channel estimation overhead and introduce the possibility of MU-MIMO. An example is to let the decoding candidates from different aggregation levels to be multiplexed in the same PRB pairs [1]. The associated AP is first selected from one-to-one mapping by eCCE index and one AP per PRB pair is selected according to the C-RNTI among the associated APs for demodulation of these candidates. The behaviour is similar to the case that one DCI message uses multiple eCCEs in the PRB pair. As a result, the number of total channel estimations could be decreased and MU-MIMO for aggregation level 1 can be supported. Fig.1 shows an example that the decoding candidates of aggregation level 1 and 2 are multiplexed in the same PRB pairs. Fig.2 shows how to obtain the final AP for demodulation for example in Fig,1, the asscoaited APs are first acquired by eCCE index (AP7, 8 and 10 in this example) and a UE selects the 
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 is 2, then antenna port 10 is chosen.
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Figure2. An example of the formation of selecting antenna port(s)
Proposal 1: For localized scheme, the decoding candidates of different aggregation levels can be multiplexed in the same PRB pairs. Associated APs are first selected from one-to-one mapping by eCCE index and one AP per PRB pair is selected among the associated APs according to the C-RNTI and is used for demodulation of these decoding candidates.
2.2 Distributed scheme

For distributed ePDCCH, considering that there are possibilities that it is multiplexed with localized ePDCCH within the same PRB pair, we think it would be simple that both schemes have similar association. In other words, the eREG for distributed scheme which occupies the physical resources within the localized eCCE as defined for localized scheme is associated with the same antenna port as the localized scheme. An example is depicted in Fig.3. The distributed ePDCCH for UE1 occupies the resource defined for localized eCCE1 and eCCE3. As a result, eREG1 amd eREG2 are associated with AP7 while eREG3 and eREG4 are associated with AP9.
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Figure3. Antenna port association when distributed and localised ePDCCH is multiplexed within the same PRB pair

It is also noted that UE complexity on channel estimation can be alleviated by some methods like having eREGs of the same eCCE of UE span only one or two eCCEs within the same PRB pair [2] or selects one AP from associated APs as mentioned above for localized scheme. Having eREGs of the same eCCE of UE span only one or two eCCEs will make multiplexing of localized and distributed ePDCCH within the same PRB pair easier.
Proposal 2: For distributed scheme, the eREG for distributed scheme which occupies the physical resources within the localized eCCE as defined for localized scheme is associated with the same antenna port as the localized scheme.
3. Conclusion
In this contribution, we discuss the antenna association of ePDCCH and propose to:
Proposal 1: For localized scheme, the decoding candidates of different aggregation levels can be multiplexed in the same PRB pairs. Associated APs are first selected from one-to-one mapping by eCCE index and one AP per PRB pair is selected among the associated APs according to the C-RNTI and is used for demodulation of these decoding candidates.
Proposal 2: For distributed scheme, the eREG for distributed scheme which occupies the physical resources within the localized eCCE as defined for localized scheme is associated with the same antenna port as the localized scheme.
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