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1. Introduction

RAN1 had some preliminary discussions at the RAN1 #87 meeting on DM RS for the DL control channel. The detailed agreements are listed below: 

Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity

· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly
In this contribution, we provide our views on detailed design aspects of the DM RS for the NR DL control channel. 
2. Aspects in DM RS design for NR-PDCCH
In LTE, EPDCCH is demodulated based on DMRS, which is transmitted on antenna ports 107~110. The EPDCCH is transmitted on one single AP. Different transmission mode can be used to transmit PDSCH. The antenna port which conveys DMRS used for PDSCH is 7~15.  The same DMRS pattern is used for both PDSCH and EPDCCH. To achieve higher spectral efficiency, more layers and codewords could be used for data transmission. Meanwhile, the transmission schemes with higher reliability are more relevant to control information. It is obvious that each channel has different performance requirements.  In the NR system, the different requirements of two channels still fall into the aforementioned issues, i.e. spectral efficiency and reliability are the most important issues for NR-PDSCH and NR-PDCCH respectively.  A base DMRS pattern could still be used for both channels, while different numbers of orthogonal antenna ports could be used to satisfy the different requirements.

Observation1: The same base DMRS pattern could be used for both NR-PDCCH and NR-PDSCH.

As a mini-slot is the basic time domain unit in NR, it is possible that a UE is configured to monitor for an NR-PDCCH within the same mini-slot in which it receives the corresponding data transmission. However, for energy savings the UE may be configured with a number of monitoring instances fewer than the number of mini-slots, e.g. the UE monitors on a slot-level granularity. One solution is to support a DMRS pattern based on a mini-slot. For example, a base DMRS pattern for a 1-symbol mini-slot may be adopted. The DMRS could be inserted in one or more symbols depending on deployment scenarios such as low or high speed cells. One example of a base DMRS pattern in each OFDM symbol is shown in Figure 1 based on the DMRS discussion in [2]. In each OFDM symbol, there are 4 DMRS REs within every 12 contiguous REs in frequency domain. The DMRS for NR-PDCCH demodulation are not present in the OFDM symbol used for data transmission. For example, if a UE is scheduled on the whole slot and its control resource set only occupies the first two mini-slots in the scheduled slot, the DMRS REs for NR-PDCCH only exist in these mini-slots. On the other hand, if a UE is scheduled on a mini-slot granularity, the DMRS REs should be located within the control resource set in the scheduled mini-slot.

Proposal1: A base DMRS pattern designed on symbol-level granularity could be used for control channel candidates mapped to a slot and/or mini-slot.  
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Figure1: An example of base DMRS pattern
Another essential issue is how to define the RS sequence. Two possible RS structures could be considered as discussed in [3]:

· The UE uses one of many RS sequences where the sequence is RRC configured (or tied to the RNTI)
· An ‘EPDCCH-like’ approach is used where, on top of a sequence given by a virtual cell ID, a small number of orthogonal cover codes (antenna ports) are used with the OCC to use tied to the RNTI
For the first method, many RS sequences are predefined and UE could be configured to choose one of them as its demodulation reference signal. If the RS sequences are designed to be mutually orthogonal a large number is required depending on the number of UEs that may be served in the cell.  The second structure is a simpler and more straightforward mechanism. The DMRS REs are located within one symbol and FDM and/or CDM can be used to distinguish different APs. 

Proposal2: An ‘EPDCCH-like’ approach could be considered for the design of DMRS sequence structure.

3. Conclusion

This paper provides the DMRS design for DL control channel considerations in the NR system design. We have the following observation and proposals,

· Observation1:The same base DMRS pattern could be used for both NR-PDCCH and NR-PDSCH.
· Proposal 1: A base DMRS pattern designed on OFDM level could be used for slot and mini-slot.  

· Proposal 2: An ‘EPDCCH-like’ approach could be considered for the design of DMRS sequence structure.
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