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1. Introduction
In RAN1 #67 meeting, agreements and working assumption for reference signal were decided as follows [1]: 
Agreement from RAN1#67:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

According to the working assumption, E-PDCCH demodulation using DMRS is main concern in RAN1 #68 meeting. Therefore, we focus configurability of DMRS, transmit diversity scheme and PRB bundling for E-PDCCH in this contribution.
2. Discussions
In CoMP scenario 4, SFN gain is achieved by combining the same CRS transmitted from different transmission points, thus zone splitting gain cannot be expected from CRS. In addition, in new carrier type and MBSFN subframe where CRS may not be transmitted at all in the PDSCH region, CRS based demodulation does not work properly. On the other hands, UE-specific DMRS based demodulation can exploit beamforming gain for each UE when accurate channel state information is reported to eNB. Also, in terms of allowing control channel transmission in PDSCH in case of new carrier, and increasing spatial reusability of control channel, we can make a decision that DMRS based demodulation is a proper approach. On these bases, it is reasonable that there are no cases where CRS is used for demodulation of the E-PDCCH.
Configurability of DMRS for E-PDCCH
As one of the main motivations of introducing E-PDCCH is to increase the control channel capacity, techniques to improve resource utilization efficiency should be considered on the E-PDCCH design. As a possible candidate, MU-MIMO based E-PDCCH transmission, which means E-PDCCHs for different UEs are transmitted via multiple layers in same frequency/time position, can be adopted [2]. In this case, multiple DMRS resources should be defined to support orthogonal channel estimation and demodulation of E-PDCCH on multiple different UEs, multiple allocation of DMRS resource, i.e. antenna port and scrambling ID are required, and a detailed configuration/indication method of DMRS resources for individual UE needs to be further investigated. 

This configurability of DMRS can also support various E-PDCCH Tx schemes by a proper combination of DMRS and resource configurations. For example, Figure 1 describes configurable Tx schemes using combination of DMRS ports and resource configurations for E-PDCCH transmission. The “resource set” in the Figure 1 means a set of REs which is the basic unit of E-PDCCH transmissions. REs constituting a resource set may come from the same PRB pair or multiple PRB pairs depending on the detailed E-PDCCH design. As shown in Figure 1, various transmission schemes can be supported flexibly by a proper combination of DM RS and resource set configurations. In Figure 1(a), UE1 and UE2 occupy orthogonal time/frequency resources with separated antenna port. This corresponds to SU-MIMO-based E-PDCCH transmissions where each UE can exploit dedicated precoding. In Figure 1(b), the two UEs share the same time/frequency resources while being separated by means of different antenna ports. This corresponds to MU-MIMO-based E-PDCCH. In Figure 1(c), the two UEs occupy orthogonal resources but share the same antenna ports for the reference signal. This corresponds to the shared-RS case which can be helpful in reducing the reference signal overhead by making multiple UEs use the indicated RS as common RS. Furthermore, all these operations can be transparent to each UE because it simply tries to detect its own DCI with a configured RS and in a configured time/frequency resources.
Proposal 1: Configurability of DMRS port/scrambling sequence in a UE-specific manner should be supported for resource utilization efficiency and E-PDCCH transmission scheme flexibility.
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Figure 1. Tx schemes for E-PDCCH
In addition to the above-mentioned configurability, it is necessary to consider the possibility that a UE uses different port/scrambling sequence in different E-PDCCH candidate positions as an effort to diversify MU-MIMO pairing. If a UE uses different RS antenna port and/or scrambling sequence in different candidate positions, the set of potential MU-MIMO peers (i.e., UEs search the same candidate position with an RS port/scramble sequence different from the one used by that UE at that position) varies across the entire search space. As actual MU-MIMO pairing depends on the instantaneous channel response reported from the UEs, it is difficult to track the time/frequency fluctuation of the channel with an RS antenna port and scramble sequence fixed during relatively long time over the entire frequency. Figure 2 shows an example for this position-wise varying DMRS configuration, and we assume that all of the UEs have same SCID here. As shown in this figure, more diverse possibilities are allowed for MU-MIMO pairing and eNB can select the suitable UEs for MU-MIMO pairing in each position in consideration of the current channel status.
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Figure 2. An Example of the position-wise varying DMRS configuration
Another use case of different port/scrambling sequence in different E-PDCCH candidate positions is a Dynamic transmission/reception Point Selection (DPS). For example, in Figure 3, higher layer signals port 8/SC A for Resource set A and port 8/SC B for Resource set B to UE1. It means that the UE1 can use Port 8/SC A on Resource set A and Port 8/SC B on Resource set B for detection of E-PDCCH, and better TP for UE1 considering channel condition can be selected UE-transparently. And if there is another UE’s candidate position within a same PRB pair (e.g. UE2 in TP1 cell), same scrambling and different port guarantee the orthogonality between UE1 and UE2.
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Figure 3. The position-wise varying DMRS configuration for DPS

Proposal 2: The position-wise varying DMRS configuration could be considered to diversify MU-MIMO pairing.
Transmit diversity scheme for E-PDCCH
When accurate channel state information is not available at eNB, DMRS based precoding is hard to operate for E-PDCCH transmission. In order to support robust transmission with inaccurate channel information, transmit diversity scheme like SFBC can be introduced. For example, if common control channel which contains control information for multiple UEs is defined in E-PDCCH, that channel should be transmitted by transmit diversity scheme to provide robust transmission performance for all UEs over whole cell coverage. This transmit diversity scheme well fits in case of REG-level interleaving. In [3], it is proposed to adopt the REG-level interleaving for E-PDCCH-based Common Search Space (CSS), because the transmit diversity gain would be very important for CSS which targets a number of UEs, and REG-level interleaving (which is used for legacy PDCCH) shows good performance from the transmit diversity perspective. Therefore, if REG-level interleaving is introduced for E-PDCCH, transmit diversity scheme is appropriate rather than UE-specific beamforming. To operate transmit diversity scheme for DMRS based E-PDCCH transmission, resource assignment of DMRS should be carefully studied in terms of DMRS resource overhead and resource utilization for multiple UEs. For example, we can use eNB configured DMRS resource assignment as mentioned above, which means eNB indicates DMRS resource including antenna port(s) and scrambling ID(s) by considering DMRS overhead and resource utilization.
Proposal 3: The transmit diversity scheme, i.e. SFBC, should be considered for the case when accurate CSI is not available at eNB.
PRB bundling for E-PDCCH
To enhance channel estimation performance of E-PDCCH, we can consider PRB bundling which is assumed (by UE) that precoding granularity is multiple resource blocks in the frequency domain. The PRB bundling is helpful for the case where DM RS which is valid for a given UE is transmitted on consecutive RBs (e.g. in shared RS case, dedicated beamforming with high aggregation level).
Proposal 4: PRB bundling for improving channel estimation performance should be considered for E-PDCCH. 
3. Conclusion
We discussed configurability of DMRS, transmit diversity and PRB bundling for E-PDCCH in this contribution. The following was proposed based on the discussion:
Proposal 1: Configurability of DMRS port/scrambling sequence in a UE-specific manner should be supported for resource utilization efficiency and E-PDCCH transmission scheme flexibility.
Proposal 2: The position-wise varying DMRS configuration could be considered to diversify MU-MIMO pairing.
Proposal 3: The transmit diversity scheme, i.e. SFBC, should be considered for the case when accurate CSI is not available at eNB.
Proposal 4: PRB bundling for improving channel estimation performance should be considered for E-PDCCH.
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