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1. Introduction
In RAN1#69, the following agreement and working assumption was obtained:
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.
In RAN1#70, the agreement on spatial diversity was achieved as follows:
Agreement: 

· 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 this contribution, the details of the association between DM-RS ports and EPDCCH are discussed.
2. Discussion
2.1. Antenna port association for Localized transmission
UE specific antenna port association has been discussed to achieve MU-MIMO with orthogonal antenna ports, e.g. AP107 and 108. There could be two alternative ways for UE specific antenna port determination when RNTI is used for it. 
· Alt. 1: The result of modulo operation of RNTI is used for UE-specific AP association shift[1]
· Alt. 2: Hashing Function which is specified in 36.213 is used for the calculation of UE-specific AP association shift[2][3]
In Alt. 1, AP shift is fixed when RNTI is allocated. Therefore, we can assume MU-MIMO pair is not changed. However, even if achievable capacity is low by using the MU-MIMO pair, we cannot expect to change the MU-MIMO pair frequently. On the other hand, in Alt.2, UE specific AP association shift will be changed in each subframe. In this case, MU-MIMO pair would be changed in each subframe and we can avoid the case that achievable capacity could be kept low for a certain MU-MIMO pair.

From the above understanding, we slightly prefer Alt.2 as the UE-specific antenna port determination. 
Proposal 1:

· For localized transmission, one AP per PRB pair is selected among the associated APs according to the Hashing function which is derived from the C-RNTI and the slot number.
2.2. Antenna port association for Distributed transmission
“AP107 and AP109” or “AP107 and AP108” for distributed transmission

It was agreed that “the associated AP for each used RE is used for EPDCCH demodulation” in special diversity transmission. It was also agreed that ”each RE is associated to one of two APs alternately”.

However, it is still FFS which antenna ports are used, e.g. “AP 107 and 109”, or “AP 107 and 108”.

In a separate discussion, in RAN1#70, it was agreed that “A PRB pair is divided into 16 eREGs” and “144 Res for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs)”. Therefore, 24 DMRS REs are always reserved irrespective to allocated antenna ports.

In terms of the number of available REs for EPDCCH, there is no difference since available REs are considered without 24 DMRS Res irrespective to allocated antenna ports from the agreement.

On the other hand, there is the difference of DMRS transmission powers between “AP107 and AP109 case” and “AP107 and AP108 case” since AP107 and AP108 share the same REs.

Therefore, we prefer to use antenna port 107 and 109 in distributed transmission considering the DMRS transmission power and channel estimation accuracy.
Proposal 2:

· 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 either one of antenna port 107 or 109. 
Other remaining issues for distributed transmission
As the remaining issue for distributed transmission, it should be discussed the details of AP association rule for each RE. Following could be one of the remaining issue and these alternatives of AP association rules can be considered.

· Alt. 1: Each RE is associated with one of two APs alternately within a PRB pair. 
· i.e. Association between AP and REs does NOT depend on EREG – RE mapping.
· Alt. 2: Each RE is associated with one of two APs alternately within an EREG
· i.e. Association between AP and REs depends on EREG – RE mapping
In Alt.2, REs within a REG are associated with AP107 and 109 alternatively. Therefore, Alt.2 can guarantees the equal numbers of REs within a REG are associated to both APs irrespective to ECCE-EREG mapping and it can make ECCE and EREG mapping independent from AP-RE mapping.

On the other hand, Alt.1 may result in the imbalance between the numbers of REs which are associated with AP107 and AP109 so further mechanisms to make the numbers equal may be required. For example, REs in a PRB pair are associated to either AP107 or AP109 alternatively in a frequency first manner and associated antenna ports are toggled in each OFDM symbol as shown in Figure 1. Even this case, the number of REs which is associated to each AP is not evenly divided within an EREG. 
Therefore, we prefer that each RE is associated with one of two APs alternately within an EREG. However, if each RE is simply associated with either AP107 or AP109 alternatively and first RE in an EREG is associated to AP107, all the REs in the first OFDM symbol are associated to AP107. To avoid such case, one solution is the first RE in an EREG whose index is even or odd is associated to either AP107 or AP109 respectively as shown in Figure 2. In this case, equal number of RE in a OFDM symbol are used for EPDCCH transmission in each antenna port. Therefore, the difference of transmission power in each OFDM symbol in each antenna port can be minimized in this case.
Proposal 3:

· Each RE in a given PRB pair belonging to a given DCI should be associated with one of two APs alternately within an EREG

· i.e. Association between AP and REs depends on EREG – RE mapping

· The first RE in an EREG whose index is even or odd should be associated to either AP107 or AP109 respectively
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Figure 1: The alternate association from REs to one of AP107 and AP109 is defined within a PRB pair (Alt.1)
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Figure 2: The alternate association from REs to one of AP107 and AP109 is defined within an EREG. (Alt.2)

Another remaining issue for distributed transmission is whether colliding signals should be skipped when each RE is associated to one of the two APs alternately. 

· Alt. A: The association does NOT depend on existence of colliding signals.
· Alt. B: The association depends on existence of colliding signals.

· i.e., REs which is used for the colliding signals around which coding chain rate-matching is used are skipped when each RE is associated to one of the two APs alternately
When Alt.B is used, the imbalance between the numbers of REs which are associated to AP107 and AP109 can be kept smaller than that in Alt.A as shown in Figure 3 and 4.

One of the drawbacks of Alt.B is the association rule has to be determined UE-specific manner. Therefore, if there are colliding signals which are not recognized by a UE, UE cannot decode EPDCCH. However, similar issues are discussed when puncturing or rate matching of colliding signals were discussed and we agreed that almost all colliding signals are rate-matched and there is no issue for the colliding signals which are not recognized by a UE. Therefore, we do not see the issue for applying Alt.B when coding chain rate-matching is used around colliding signals, such as PDCCH, CRS and CSI-RS.
Proposal 4:

· For distributed transmission, association between AP and REs within an EREG should be taken into account the existence of the colliding signals around which coding chain rate-matching is used.
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Figure 3: The association between RE and AP does not depend on existence of colliding signals.
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Figure 4: The association depends on existence of colliding signals (i.e., REs which is used for the colliding signals around which coding chain rate-matching is used are skipped when each RE is associated to one of the two APs alternately)
3. Conclusion

Based on the above discussion, Sharp proposes that:
Proposal 1:

· For localized transmission, one AP per PRB pair is selected among the associated APs according to the Hashing function which is derived from the C-RNTI and the slot number.
Proposal 2:

· 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 either one of antenna port 107 or 109. 
Proposal 3:

· Each RE in a given PRB pair belonging to a given DCI should be associated with one of two APs alternately within an EREG

· i.e. Association between AP and REs depends on EREG – RE mapping

· The first RE in an EREG whose index is even or odd should be associated to either AP107 or AP109 respectively

Proposal 4:

· For distributed transmission, association between AP and REs within an EREG should be taken into account the existence of the colliding signals around which coding chain rate-matching is used.
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