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1. Introduction

At the RAN1 #68bis meeting on Jeju Island in South Korea it was agreed that
· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

However, no agreements were reached on 

· what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· whether this applies to distributed transmission

This contribution addresses our preferences regarding the open issues.
2. Antenna port association for localized and distributed transmission of ePDCCH
Two schemes have been proposed for a UE to determine the reference signal(s) transmitted on antenna port(s) p = 7, 8, ... ν+7, ν ϵ {0,1,2,3}, in a given sub-frame. They can either be implicitly mapped to a region in the time-frequency resource grid or, alternatively, can be signalled explicitly to the UE by higher layers. Such a region in the time-frequency resource grid can, for instance, be defined as an enhanced Control Channel Element (eCCE) of fixed size comprising of a well-defined set or resource elements, e.g., a set of N (adjacent) OFDM sub-carriers [1, 2]. If the UE is not configured by higher layers to use a particular (set of) antenna port(s), one remedy is to perform channel estimation for all four antenna ports p = 7, 8, 9, 10 and to perform blind decoding attempts for each of them. If, in contrast, the UE knows the antenna port through its RRC configuration, the number of channel estimation routines can be significantly reduced for the UE needs not to determine the antenna port by blind decoding attempts. The benefits are obvious and result in reduced latency, power consumption, and, potentially, reduced errors. Latency is of particular concern due to the limited time a UE has to decode both the downlink control information and the actual user data in the PDSCH.
Since the reference signals on antenna ports 7, 8, 9, and 10 are precoded, it is imperative to allow a UE-specific mapping of eCCEs to antenna ports, irrespective of the employed scheme. This is particularly important for localized transmissions of the enhanced control channel to harness the maximal amount of beamforming gain for any UE. In other words, since the spatial channel may differ for the different users in the network, it is vital that each of them can be served by its optimal precoder. In addition, if the network has detailed sub-band information regarding the quality of the wireless channel to the UE, multi-user diversity gain can be harnessed by the network through frequency-selective channel-dependent scheduling. In order to reap the maximum beamforming and multi-user diversity gain, the eNodeB needs utmost flexibility in the scheduling of its active users. If the antenna port is configured by higher layers, this may not be guaranteed at all times insofar as the eNodeB has to schedule any downlink control channel information in a limited set of physical resource blocks which are higher-layer configured and reserved for ePDCCH transmissions for each UE. Accordingly, RRC-configured antenna ports may lead to “blocking” when two or more UEs are configured to use the same antenna port and have overlapping PRBs for ePDCCH transmission. Since the DMRS is precoded, if two UEs are scheduled within the same PRB, they either need to use different antenna ports or their downlink control information must be precoded with the same precoder. 

Blocking is a well-studied side-effect of the search space design of the Release 8 control channel. This kind of blocking, however, is not to be confused with the aforementioned “antenna port blocking”. The former is intrinsic to both the legacy PDCCH and the novel ePDCCH and an artefact of the search space design which limits the number of possible resource allocations in order to improve battery life and decoding latency at the UE.  Antenna port blocking, on the other hand, occurs in addition to search space blocking and can be avoided by an implicit mapping of the antenna ports to the time-frequency locations used by the corresponding DCI message. 
In our opinion, antenna port blocking does not justify the increased number of channel estimations which a UE needs to perform if the antenna port(s) is/are not pre-configured.

Alluding to the above, two or more UEs can be assigned the same antenna port within a PRB as long as the corresponding DMRS sequence is precoded with the same precoder. Moreover, if antenna ports are shared among multiple UEs is completely transparent to a UE and eNodeB implementation specific. In [3] we show how the eNodeB can group UEs and use the same precoders to transmit downlink control information to multiple UEs using the same antenna port(s). Such grouping of multiple UEs is applicable to both localized and distributed transmissions of the enhanced control channel since DMRS-based precoding renders the UE oblivious of the employed precoder. Arguably an eNodeB implementation issue, sharing antenna ports among multiple UEs is most suitable for scenarios where the eNodeB lacks in precise channel state information such that it cannot make use of channel-aware scheduling and precoding as described above. This may, for example, be the case when a UE is not configured to report sub-band CQI or when the eNodeB considers UE feedback outdated due to the UE’s mobility.
In our opinion, there are still benefits to configuring the antenna port(s) via higher-layer signalling when they are shared among multiple UEs in distributed ePDCCH transmissions. For example, RRC-configuration allows for ICIC and power boosting if the configured antenna ports in a PRB are orthogonal in the frequency domain. Assuming 24 REs are always reserved for DMRS transmission in a PRB configured for the ePDCCH, one transmission point can use antenna ports 7 and 8 whereas a neighbouring transmission point can use antenna ports 9 and 10 if the network is synchronized. Such frequency-domain ICIC would work for both localized and distributed ePDCCH transmissions. Alternatively, the eNodeB could use orphan DMRS REs—REs reserved for DMRS but not used in a given PRB to transmit downlink control information—to boost the power of the DMRS for improved channel estimation and system performance. We thus believe that the benefits of configured antenna ports are manifold and outweigh those of an implicit determination from the time-frequency locations of the REs used by the corresponding DCI message. 
3. Conclusion
In this contribution, we compared the benefits and drawbacks of RRC-configured antenna ports for the enhanced control channel. Based on our observations, we make the following proposals.

· Which antenna port(s) a UE uses for ePDCCH transmissions is part of the RRC configuration of the UE. 

· The network may configure different antenna port(s) for localized and distributed transmissions of downlink control information.

· The UE always assumes that 24 REs are reserved for DMRS transmission in a PRB configured for ePDCCH transmission.
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