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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to the DM-RS design for DL control channel for NR. In RAN1 #86bis the following agreements were made [3]:
Agreements:
NR should support
· UE/PDCCH-specific DM-RS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DM-RS for PDCCH.
· FFS: DM-RS is PDCCH-specific and/or UE-specific Shared/Common RS for PDCCH reception
· Whether this sharing will be transparent to UE is FFS
· FFS: Whether UE may assume the same precoding operation between RS and PDCCH
· FFS: QCL between antenna ports for PDCCH demodulation
· Tx diversity supported. Which scheme/how FFS

We provide our views on the DL control channel DM-RS structure in this contribution. The basic design principles for downlink control channel are given in a companion contribution [4].
2	Discussion
2.1. 	PDCCH specific DM-RS
RAN1 has agreed that “NR should support UE/PDCCH-specific DM-RS for PDCCH reception”. DM-RS reference signal sequence should be cell specific in a way that the UE can derive the DMRS sequence based on the PDCCH location in frequency and cell index given through higher layer signalling, similarly as for CRS in LTE. The cell specific DM-RS can be shared by multiple UEs. In case of beamforming, the same precoding operation is used for PDCCH and the associated DM-RS so that the precoding is transparent to the UE and the UE does not need to know whether the DM-RS is shared with other UEs or not. It just needs to know DM-RS for different PDCCHs.
From forward compatibility point of view, it makes sense to define PDCCH in block based manner [5], meaning that the PDCCH specific DM-RS is transmitted only on the physical resource blocks upon which the corresponding PDCCH is mapped. The DMRS sequence of PDCCH can use similar DM-RS sequence as in PDSCH, but not being scrambled UE-specifically. 
Proposal #1: DM-RS reference signal sequence should be cell specific in such a way that UE can derive DM-RS sequence based on the PDCCH location in frequency
Proposal #2: In case of beamforming, the same precoding operation is always used for PDCCH and associated DM-RS
Proposal #3: The PDCCH specific DM-RS is transmitted only on the physical resource blocks upon which the corresponding PDCCH is mapped


2.2. Support for Tx diversity
Tx diversity needs to supported at least for group/common grants/assignments. Also with beamforming it is beneficial to apply Tx diversity between polarized antennas when instant channel state is not available at transmitter site. The PDCCH occupies very limited space in frequency and time, so the DM-RS overhead in the PDCCH PRBs should be kept low. Therefore, we propose that the number of orthogonal DM-RS ports is limited to 2 in order to leave sufficient space for DL control data.  If MU-MIMO needs to supported, non-orthogonal antenna ports need to be considered. Space coding in frequency (SFBC) can be seen as the most promising Tx diversity scheme as it achieves full spatial diversity order of 2 within one OFDM symbol.
Proposal #4: The number of orthogonal antennas is limited to two in order to leave sufficient space for DL control data
Proposal #5: SFBC is used as the Tx diversity scheme in order to achieve full spatial diversity order of 2 within one OFDMA symbol.

2.3. DMRS patterns for PDCCH specific DM-RS
Orthogonal DM-RS antenna ports can be multiplexed by using either FDM or CDM. Figure 1 presents possible DM-RS patterns by assuming PDCCH resource unit size of 12 sub-carriers.  With CDM the orthogonal cover code [1 -1] is applied for the second layer.
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Figure 1 Example of DM-RS patterns
Figure 2 compares the performance of CDM and FDM approaches for multiplexing DM-RS with PDCCH. Results show that CDM and FDM with the same DM-RS overhead perform equally.  Both CDM and FDM based approaches can be considered as potential multiplexing method. 
PDCCH and PDSCH can be located in the same PRB’s within adjacent cells.  Preferable, DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH. This enables to coordinate correlation property of DM-RS between PDCCH and PDSCH.  
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Figure 2 Performance comparison between FDM and CDM DM-RS



Proposal #6: Both CDM and FDM approaches need to be considered for multiplexing DM-RS with PDCCH

Proposal #7: DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH
3	Conclusions
In this contribution we have discussed the DM-RS of DL control channel structure and. Based on the discussion, we make the following proposals and an observation:
Observation #1: DM-RS pattern CDM-p2 provides the best PDCCH capacity

Proposal #1: DM-RS reference signal sequence should be cell specific in such a way that UE can derive DM-RS sequence based on the PDCCH location in frequency
Proposal #2: In case of beamforming, the same precoding operation is always used for PDCCH and associated DM-RS
Proposal #3: The PDCCH specific DM-RS is transmitted only on the physical resource blocks upon which the corresponding PDCCH is mapped
Proposal #4: The number of orthogonal antennas is limited to two in order to leave sufficient space for DL control data
Proposal #5: SFBC is used as the Tx diversity scheme in order to achieve full spatial diversity order of 2 within one OFDMA symbol.
Proposal #6: Both CDM and FDM approaches need to be considered for multiplexing DM-RS with PDCCH
Proposal #7: DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH
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