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1 Introduction

At the RAN1#69 meeting, the following agreements on the antenna ports association for localized transmission were reached [1]:
· 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. 

The association for distributed transmission was also discussed at the RAN1#70 meeting with the following agreements reached [2]:
· 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, we provide our considerations on the remaining issues of antenna port association for EPDCCH.
2 Discussion

2.1 Localized transmission
According to the agreement, one eCCE index is associated by specification with one antenna port for localized EPDCCH transmission. In this case, the antenna port selected for the candidate EPDCCH of aggregation level one is the port associated with the eCCE index by specification. The only exception is that, in the case of special subframe configuration 1, 2, 6, 7 and 9 with normal CP, there are in total four DMRS ports assumed with only two eCCEs defined.
Though it is beneficial for MU-MIMO if more than one antenna ports are associated with one eCCE, it inevitably complicates the design. Moreover, such an optimization may only be attractive for some TDD special subframe configurations, which however may not be typical deployment scenarios. In order to simplify the system design, it is suggested that a one-to-one mapping between eCCE and antenna port is defined. Thus, we propose that:
Proposal 1: For special subframe configuration 1, 2, 6, 7 and 9 with normal CP, a one-to-one mapping between the eCCE and antenna port is defined. Two FDM ports (e.g. 107 and 109) are associated with the two defined eCCEs, respectively.
Further, the scrambling sequence should be fixed for EPDCCH DMRS ports as proposed in [3], implying that the same eCCE cannot be spatially multiplexed by two EPDCCHs of aggregation level one.
Proposal 2: The antenna port to be used for the candidate EPDCCH of aggregation level one is determined according to the associated eCCE index by specification, and the MU-MIMO is not supported for EPDCCH of aggregation level one.
In the case that eNB transmits to a UE a DCI spanning over more than one eCCE in the scheduled PRB pairs, at least one antenna port per PRB pair among the associated antenna ports should be selected for UE demodulation. The selection rule should be flexible enough, in order to support MU-MIMO for EPDCCH with minimized antenna blocking probability. On the other hand, the selection rule should not impose significant implementation complexity on UE, while at the same time avoiding additional signaling overhead. Currently, several options have been proposed:
1. Explicit association based solution, i.e. indicating the UE-specific association rule by higher layer signaling;
2. Implicit association based solution, i.e. associating the DCI with the antenna port by the C-RNTI.
In the explicit association method, the eNB configures a UE to use certain antenna ports in a specific PRB pair by higher layer signaling, such as RRC [4]. Orthogonal DMRS ports should be configured for the UEs to be multiplexed in the same PRB. However, as UE scheduling and transmission of EPDCCHs are dynamic operations, a semi-static UE-specific port association rule will impose constraints on UE and EPDCCH scheduling, which may increase the antenna port blocking probability. For example, if a UE is configured a single DMRS port per PRB pair, other UEs allocated with the same DMRS port can no longer be scheduled in the same PRB pair. Further, the required higher layer signaling overhead may also become a severe issue.
In contrast, the implicit association based solution avoids the signaling overhead in comparison to the explicit scheme. The antenna port used for the UE is determined by some UE specific hashing functions based on, e.g. C-RNTI [5], similar to the UE-specific search space determination for legacy PDCCH. For instance, a simple example of hashing rule can be as follows:
AP = (C-RNTI MOD N) + 107,







(1)

where N is equal to 2 or 4 according to the number of eCCEs in the PRB pair. By this way, the UEs with different C-RNTIs may be assigned with different antenna ports, thus can be multiplexed in the same PRB pair. Therefore, the MU-MIMO is supported in a transparent way from UE’s perspective.
Nonetheless, there are some constraints on the implicit association rule based only on C-RNTI. There may be some scenarios, where two UEs that are suitable to be paired for MU-MIMO according to their feedbacks, are somehow allocated with the same antenna port according to the hashing result of their C-RNTI. According to the C-RNTI based rule, however, they cannot be multiplexed in the same PRB pair. For example, according to the abovementioned simple hashing function, two UEs with different C-RNTIs that satisfy (C-RNTI mod 4 == 0) would always be assigned with the same port, and thus be precluded by the scheduler from pairing for MU-MIMO operations.

One workaround for this issue is to change UE’s C-RNTI, which involves a RA procedure and RRC connection establishment, yielding significant delay and overhead. An alternative solution may be to include, in addition to the C-RNTI, other parameters such as subframe index or slot index. As a result, the antenna ports used for the UEs alternate from one subframe to another. Therefore, the UEs that cannot be paired in one subframe may find the chance in a different subframe for MU-MIMO opportunities.
Proposal 3: The implicit association rule should be based on C-RNTI and the subframe index and/or slot index, to ensure the hashing result is time selected.
In the case of more than one eCCE are assigned to the UE, it was pointed out in [4] that a second antenna port with the same precoding can be configured for achieving better channel estimation results. However, one issue is that the UE is not aware of whether or not the antenna port has been allocated to a paired UE for MU-MIMO. Moreover, even if no paired UE exists in the same subframe, the loss of the claimed additional performance gain provided by antenna port bundling can be compensated by power boosting. Thus, we suggest that:
Proposal 4: It is not necessary to configure a second antenna port with same precoding to the UE for localized EPDCCH transmission.
Taking into account Proposals 1~5, we recommend the antenna port for localized EPDCH transmission as:
AP = [(Yk MOD L) MOD N] + P,







(2)

where L is the aggregation level of the candidate EPDCCH, P is the antenna port associated with the lowest eCCE index of the EPDCCH attempt, N is equal to 2 or 4 according to the number of eCCEs in the PRB pair, and Yk is the hashing function defined for the PDCCH UE-specific search space according to [6]. This hashing function based on the UE RNTI and whose output varies from one subframe to another, is reused for determining the antenna association of EPDCCH for the sake of minimizing the standardization effort.

2.2 Distributed transmission
According to the agreement, each RE of the EPDCCH attempt is associated by specification with one of two antenna ports for distributed transmission. We need to further decide which antenna ports should be defined for distributed transmission.
In the case of extended CP, antenna ports 107 and 108 are used for distributed transmission. However, in the case of normal CP, four antenna ports are available, two of which should be selected for association. There are basically two approaches:
1. The two CDM ports are selected to be used, or

2. The two FDM ports are selected to be used.

For localized transmission, selecting the two CDM ports may be beneficial from the MU-MIMO perspective, for the sake of achieving correct power scaling. However, this is not the case for distributed transmission, where shared DMRS and spatial diversity scheme is used. As discussed in [7]

 REF _Ref324402458 \r \h 
 \* MERGEFORMAT [8], using two FDM antenna ports (e.g. 107 and 109) out of the four available antenna ports may provide better channel estimation performance. Therefore, we suggest that:

Proposal 5: Two FDM antenna ports (e.g. 107 and 109) are used as DMRS ports for distributed EPDCCH transmissions.
3 Conclusion

In this contribution, we provide our views on the issue of antenna port association for EPDCCH. Based on above discussions, we propose that:
Proposal 1: For special subframe configuration 1, 2, 6, 7 and 9 with normal CP, a one-to-one mapping between the eCCE and antenna port is defined. Two FDM ports (e.g. 107 and 109) are associated with the two defined eCCEs, respectively.
Proposal 2: The antenna port to be used for the candidate EPDCCH of aggregation level one is determined according to the associated eCCE index by specification, and the MU-MIMO is not supported for EPDCCH of aggregation level one.
Proposal 3: The implicit association rule should be based on C-RNTI and the subframe index and/or slot index, to ensure the hashing result is time selected.
Proposal 4: It is not necessary to configure a second antenna port with same precoding to the UE for localized EPDCCH transmission.
Proposal 5: Two FDM antenna ports (e.g. 107 and 109) are used as DMRS ports for distributed EPDCCH transmissions.
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