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1. Introduction

At the RAN WG1 #66bis meeting, the way forward regarding the E-PDCCH was discussed [1]. The way forward mentions usage of the UE-specific demodulation reference signal (DM-RS) as indicated hereafter.
· UE specific RS is used for demodulation

· The downlink shared data channel DMRS positions on the RE grid is the baseline

The other issue regarding the DM-RS is the usage of the antenna port. The antenna ports for the DM-RS would be associated with the mapping scheme of the DCI transmission scheme using multiple antennas, etc. In this contribution, we present our initial views on the DM-RS antenna port association with the mapping scheme and transmission scheme. In our companion document [2], we present the mapping scheme for the E-PDCCH that supports localized mapping and distributed mapping.
2. DM-RS Antenna Port Association
2.1
Association with Transmission Scheme
For the transmission scheme for the E-PDCCH using multiple transmitter antennas, two types of schemes could be considered. One is a transmit diversity scheme and the other is beam-forming based on the UE-specific precoding weight. Here, we note that the beam-forming may be extended to multi-user spatial multiplexing. For the transmit diversity scheme, the DM-RS is not multiplied by the precoding weight. In this sense, the same DM-RS antenna ports can be shared among multiple UEs that are multiplexed within the same PRB-pair. For instance, when a 2-branch transmit diversity scheme such as SFBC or large-delay CDD is applied to the E-PDCCH, DM-RS antenna ports 7 and 8 can be shared among multiple UEs. The maximum number of DM-RS antenna ports used for E-PDCCH transmit diversity would be two or four (FFS).

On the other hand, if the UE-specific beam-forming is applied to the DCI of each UE, multiple DM-RS antenna ports are required depending on how many DCIs are mapped within a PRB-pair. Furthermore, when the multi-user spatial multiplexing is employed, more DM-RS antenna ports are necessary in proportion to the number of spatially multiplexed UEs. Therefore, the exact number of DM-RS ports for the beam-forming scheme is highly dependent on the mapping scheme of the DCI to the PRB pairs. 
Proposal 1: 
· For the transmit diversity scheme for the E-PDCCH, the same DM-RS antenna ports are shared by multiple UEs that are multiplexed within the same PRB-pair.
2.2
Association with Mapping Scheme
As discussed in [3] and [4], it is desirable to assign more DCIs in one PRB-pair in order to achieve efficient multiplexing of multiple E-PDCCH transmissions. Hence, the structure of the E-PDCCH should be designed so that multiple DCIs are assigned within a PRB-pair. In [2], we present one example of the mapping scheme for the E-PDCCH that supports localized mapping to achieve a scheduling gain and distributed mapping to achieve a frequency diversity gain. 
For the localized mapping scheme, for example, two DCIs are mapped to each PRB pair in [2] and antenna ports 7 and 8 need to be reserved. If multi-user spatial multiplexing is applied, additional antenna ports 9 and 10 are necessary for a dual-beam transmission. In the distributed mapping scheme, one DCI must be mapped over the multiple PRB-pairs in order to obtain the frequency diversity gain and one PRB-pair possibly contains four DCIs at maximum to maintain the DCI capacity per PRB pair. Thus, four DM-RS antenna ports, i.e., antenna ports 7-10, must be reserved and each antenna port is allocated to each DCI if the beam-forming gain is required. In this case, each antenna port can be implicitly tied to each resource for a DCI as shown in Fig. 1. When the multi-user spatial multiplexing is employed, DM-RS antenna ports 11-14 are further necessary for multiplexing. However, in this case, spatial multiplexing using the UE-specific DM-RS may be challenging since the length-4 orthogonal cover code (OCC) is needed and it is not robust against the channel variation in the time-domain. Table I summarizes the number of antenna ports necessary for each scheme when the mapping scheme for the E-PDCCH presented in [2] is assumed.
Proposal 2: 

· For the beam-forming scheme, when multiple DCIs or multiple resources are supported in a PRB pair, multiple DM-RS antenna ports should be used. 
· Each resource is implicitly associated with each DM-RS antenna port.
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Figure 1- DM-RS antenna port association with the resource in a PRB-pair

(Note that in this figure, a pure FDM case is illustrated, but interleaved mapping within a PRB pair is also possible)

Table I – Number of DM-RS ports necessary for each scheme.
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3. Conclusion

In this contribution, we described our views on the DM-RS antenna port association with the mapping scheme and transmission scheme. We propose the following.
Proposal 1: 

· For the transmit diversity scheme for the E-PDCCH, the same DM-RS antenna ports are shared by multiple UEs that are multiplexed within the same PRB pair.

Proposal 2: 

· For the beam-forming scheme, when multiple DCIs or multiple resources are supported in a PRB pair, multiple DM-RS antenna ports should be used. 

· Each resource is implicitly associated with each DM-RS antenna port.

An example of the number of DM-RS antenna ports necessary for each scheme is shown in Table I when the localized mapping and distributed mapping presented in [2] are assumed.
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