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1. Introduction
In RAN1#86bis, RS for control channel related agreements were made as follows:
	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
Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 

· For data channel and control channel
· At least density can be configurable

· FFS: other configurability

· The applicable scenarios need to be studied
· Study multi-set DL/UL RS for control and/or data demodulation 

· The first set is front-loaded (i.e. loaded in the front of RB) 

Agreements:

· Study design of demodulation RS for broadcast channel, control channel and data channel

·  Separate vs. joint design


In this contribution, we discuss on RS design issues for control channel.
2. Discussion
NR RS for control channel demodulation
In RAN1#86bis, it was agree to support downlink transmission scheme(s) achieving diversity gain at least for some control information transmission. So far, NR didn’t decide exact transmission scheme(s) which may or may not be implemented in spec-transparent manner. For the candidate of transmission scheme(s) for diversity gain, at least two antenna ports based transmission scheme (e.g. SFBC, antenna port switching, etc.) could be considered. Also, single antenna port based Tx diversity scheme (e.g. precoder cycling) can be considered as one of options. On the other hand, if more antenna ports would be introduced for further diversity gain, it is needed to carefully investigate the trade-off between diversity gain and RS overhead. 
Based on the note in agreements that the control channel transmission is at least based on DM-RS for demodulation, we can think at least both one and two antenna ports DM-RS are supported for reliable and efficient DL control channel transmission in NR. 
Proposal 1: At least both one and two antenna ports DM-RS are supported for reliable and efficient DL control channel transmission in NR.
On the agreement, two types of DMRS (i.e. UE/PDCCH-specific DM-RS, Shared/Common RS) are assuming for PDCCH reception. At least shared/common RS could be shared among UEs which are trying to receive commonly transferred control message. For frequency diversity, shared/common RS could be spread over frequency domain. Basically, RS would be defined at each OFDM symbols for control channel. On the other hand, if QCL condition is assumed for multiple OFDM symbols for control channel (e.g. single beam operation), shared/common RS at first OFDM symbol could be shared with other OFDM symbols, which provides a benefit of RS overhead reduction. Regarding seed value of scrambling sequence for shared/common RS, UE commonly shared value (e.g. UE common ID) could be applied. For an example of that RS for DL control channel, LTE CRS like-RS type could be considered.
Sharing of NR DMRS between control channel and data channel
In NR, we discuss NR DMRS design based on the assumption that one or more OFDM symbols are assigned for DMRS in a given time duration. Since DMRS overhead would limit the capacity of data channel and control channel, it is necessity to study a method for RS overhead reduction when we design DMRS in NR. As one of possible method to reduce the DMRS overhead, we can consider a sharing of NR DMRS between DL control channel and DL data channel. For the RS sharing, two alternatives can be considered as follows:
· Alt.1: Sharing a DMRS for DL data channel
· Alt.2: Sharing a RS defined in downlink control channel 
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(a) DMRS sharing                 (b) Control channel RS sharing
Figure 1.Example of RS sharing for downlink channel
If DMRS is shared for DL control channel and DL data channel, it can be expect to increase DL control channel capacity because more resource element could be used for control channel instead of reference signal. On the other hand, control channel decoding latency could be increased because DMRS is transmitted later than control channel.
If RS defined for DL control channel is shared with DL data channel, we can think one possibility that DMRS is not transmitted in certain frequency band where RS can be shared. In this case, REs for DMRS could be used for data transmission. On the other hand, UE specific beamforming could not be expected from the RS. Also, maximum number of RS ports for control channel would be limited. So, it seems to be desired that RS for control channel is shared for data channel when low data rate transmission is required.
Proposal 2: NR studies RS sharing between control channel and data channel.
3. Conclusion
In this contribution, we discussed design issues for NR DMRS for control channel. From the discussion, we propose as follow:

Proposal 1: At least one and two antenna ports DM-RS are supported for reliable and efficient DL control channel transmission in NR.
Proposal 2: NR studies RS sharing between control channel and data channel.
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