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1. Introduction

In this contribution, the remaining details of antenna port association for ePDCCH transmission are discussed for both localized and distributed allocations. 

2. Localized ePDCCH allocation

For localized allocation, it has been agreed that each eCCE index is associated by specification with one antenna port. As there always are 4 eCCE per PRB pair in the proposal [1], there is a one to one mapping between eCCE and AP for normal CP. In the case of extended CP, only 2 AP per PRB pair is available and a group of two eCCE map to the same AP. This also means that for localized allocation with extended CP, aggregation level 1 eCCE is not available, and the search space and distribution of blind decodes needs to be modified accordingly. 
Furthermore, it has been 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”. By selecting different AP for UEs that use the same eCCE, spatial reuse, or MU-MIMO, is achieved between the UEs with orthogonal reference signals. To achieve this, the selections need to be UE specific and it can either be related to the C-RNTI or it can be signaled using RRC. 

Following the approach for legacy control channels, the search spaces of different UEs are randomly varying, from subframe to subframe, as to minimize persistent blocking between the same UEs. Hence, the use of MU-MIMO for the ePDCCH is difficult to plan in advance as overlapping eCCEs is required to utilize MU-MIMO and also due to the time fluctuating traffic of the two UEs. Therefore, RRC configuration of the antenna port selection, which is a process that takes many milliseconds to complete, will not be useful in practice and creates unnecessary signaling overhead. Therefore, we suggest relying on the C-RNTI only to decide on the antenna port association which enables using the MU-MIMO possibility in an opportunistic manner. The antenna ports for localized transmission is then


Proposal: The antenna port (AP) used in a PRB pair for localized transmission in subframe 
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according to Section 9.1.1 in TS 36.213 and 
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This proposal ensures that two ePDCCH with AL=2 that are transmitted with MU-MIMO also use DM-RS from the same CDM group so that the correct power scaling is achieved. 

Regarding channel estimation complexity, this proposal implies that 4 channel estimates could sometimes be needed in a PRB pair if there are 4 search space candidates with AL=1 in that subframe. An analysis of the number of required channel estimates was made assuming the legacy control channel search space algorithm, 4 eCCE per PRB pair and the proposal above, see the results Figure 1. With one set [2] of 4 PRB pairs allocated for localized transmission, the number of channel estimates per subframe to receive the UE specific search space with (6,6,2,2) blind decodes is 8.5 on average (i.e. 2.1 channel estimates per PRB pair) and increases slightly with more allocated PRB pairs. Distributed allocation on the other hand shows a much larger increase in the number of required channel estimates since for each set (of 4 PRB pairs) the search space contains, there is a need for an additional 8 channel estimates (assuming 2 estimates per PRB pair to achieve spatial diversity). Hence, we make the following observation:

Observation: Channel estimation complexity for localized transmission is in general marginal compared to the corresponding complexity for distributed transmission. 

Therefore, we can conclude that introducing signaling to indicate the used antenna ports for localized allocation will not relax the complexity of the channel estimator for the UE since it needs to be designed to cope with distributed allocations anyway. 
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Figure 1 Number of channel estimates needed per subframe for localized and distributed allocations respectively
Note that for AL=1, there is with this proposal no impact on the AP selection by the C-RNTI. So for AL=1, the antenna port is given by the eCCE index only and thus MU-MIMO with AL=1 is not supported. If antenna port selection by C-RNTI is also used for AL=1, then a large risk of antenna port blocking will be introduced. For example, two UEs with AL=1 using eCCE #0 and #1 is selected to use the same AP with 50% probability, creating antenna port blocking. Moreover, in the case two UEs with AL=1 using the same but their corresponding APs are selected by C-RNTI, then MU-MIMO with AL=1 is possible with 50% probability but the eCCE next to the used eCCE will often be blocked since its AP is occupied. We thus make the following observation:

Observation:  Localized ePDCCH transmission with orthogonal DM-RS in a MU-MIMO manner is only possible for aggregation levels above one eCCE.    
3. Distributed ePDCCH allocation

For distributed allocation, we have from meeting #69bis the following 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.
We propose to confirm this working assumption and make it an agreement. It should be noted that we propose in [1] that the groups of REs for spatial diversity is the eREGs. However, since there are more eREGs than antenna ports, there will be a many to one mapping between eREG and antenna ports. Furthermore, in [1] we are proposing the use of 16 eREG per PRB pair and a DCI message will this use one or multiple eREG per PRB pair, depending on the aggregation level.  To ensure spatial diversity for the DCI message, the set of used eREGs in the PRB pair should be associated with multiple antenna ports. On the other hand, using four antenna ports for a DCI message in a PRB pair implies that the available reference signal power is reduced by 3 dB compared to two antenna ports. Our analysis show that this cannot be recovered by the increase in diversity gain. Hence, we propose the following:

Proposal: An eREG used for distributed ePDCCH transmission is by specification associated with either antenna port 107 or 109 for normal CP and 107 or 108 for extended CP. More than one eREG in the PRB pair is associated with the same antenna port. If a DCI message uses more than one eREG in the PRB pair, then the used eREGs should be associated equally to the two antenna ports.   
4. Conclusion

Based on the discussion we have the following two proposals:

Proposal 1: The antenna port (AP) used in a PRB pair for localized transmission in subframe 
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the C-RNTI according to Section 9.1.1 in TS 36.213 and 
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DCI message is using in the PRB pair. 

Proposal 2: An eREG used for distributed ePDCCH transmission is by specification associated with either antenna port 107 or 109 for normal CP and 107 or 108 for extended CP. More than one eREG in the PRB pair is associated with the same antenna port. If a DCI message uses more than one eREG in the PRB pair, then the used eREGs should be associated equally to the two antenna ports.   
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