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In RAN1 #86bis, DMRS/RS was agreed to be supported for DL control channel [1]:
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

In RAN1 #87, progress on RS design for DL control channel [2] was made as follows:
· 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 RAN1 Adhoc, FFS on RS design for DL control channel [3] was agreed:
· FFS: if any of the following properties belong to control resource set or control search space
· Transmission/diversity scheme
· CCE to REG mapping
· RS structure
· PRB bundling size
In RAN1 #88, evaluation assumptions was agreed to down-select TxD scheme for DL control channel [4]: 
· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)
· DCI size: 20 and 60 bits + 16 bit CRC
· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE
· Practical channel estimation
· MMSE for reference, other schemes can be evaluated in addition 
· Proponents should state assumptions on 
· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)
· DMRS density 33% (other densities can be evaluated in addition)
· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)
· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)
· Channel model
· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)
· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h
In this contribution, we discuss DMRS design for DL control channel and present our view based on link level simulation results for different DMRS patterns.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]DMRS design for DL control channel
The self-contained design
In the self-contained design, DMRS is contained within the time and frequency resource for the corresponding DL control channel. With such a design, NR-REGs of DL control channel contain REs for DMRS and therefore one-go channel estimation from that DMRS can be reused, i.e., receiver complexity can be reduced. Furthermore, the self-contained design enables the transparent beamforming  for DL control channel, which means to use same beamforming for DMRS and DCI. The beamformed DMRS for DL control channel need not be predefined or dynamically informed to UE. UE just searches and demodulates candidate DL control channels directly with self-contained DMRS in the candidate NR-REGs. By taking advantage of beamforming according to the DL channel state information between the TRP and the particular UE, the more accurate channel estimation for control channel can be obtained due to SNR improvement form beamforming, which therefore help to improve the reception performance of DCI. 
Proposal 1: UE/PDCCH-specific demodulation-RS is contained within the time and frequency resource unit for the corresponding control channel. 
In RAN1 #87, it is agreed that the reference signals in at least one search space do not depend on the RNTI or UE-identity [2]. For this shared design, the RS and the associated control channel can be shared for multiple UEs, but each UE can detect the RS and the associated control channel with the same precoding assumption. Note that the sharing operation can be transparent to the UE. In this case, the shared RS can also be contained within the time and frequency resource for the common control channel.
Proposal 2: Shared RS which is contained within the time and frequency resource region for the associated channel channels can be supported. The UEs can assume the same precoding operation between RS and the associated channels.
DMRS pattern design
DMRS pattern design refers to determining how many REs are needed and where the DMRS sequence should be placed, so that channel estimate can be derived accurately enough to track channel characteristics such as frequency selectivity and time variations. The location and density of REs for DMRS will have crucial impact on channel estimation performance. Here only 1/3 RS density was considered, since no worthwhile gain can be brought when RS density higher than 1/3 under various aggregation levels [5]. For RE location in single RB during one symbol, two patterns can be considered as given in Fig.1: For Pattern 1, two RE groups are uniformly distributed over the whole RB. Each group will include two adjacent REs; For Pattern 2, four REs are uniformly distributed over the whole RB. 2-port DM-RS sequences can be multiplexed over the four REs in the OCC/CDMed or FDMed manner. 
[image: ]                                          
Fig. 1. DMRS patterns.
Evaluation on the DMRS patterns
To evaluate the performance of the different demodulation RS patterns, link level simulation was conducted. The DMRS patterns are illustrated in Fig. 1. The transmission scheme is based on the SFBC or dual DMRS based precoder cycling, as described in the companion paper [6]. More details on the simulation assumptions can be found in Table 1 in Appendix, which is aligned with the agreements in RAN1 #88[4]. 
In Fig. 2, the BLER performances of the different demodulation RS patterns are compared using 1 control symbol with different aggregation levels and SFBC. The REGs are distributedly mapped to one CCE. It is observed that the performance gap of the various demodulation RS patterns is marginal.
[image: ]   [image: ]  [image: ]
Fig 2. The comparison of the different demodulation RS patterns (SFBC, distributed REG-to-CCE mapping, 20 bits DCI, TDL-C 30\300\1000ns).
In Fig.3 and Fig. 4, we compare the BLER performance of the different DMRS patterns using different REG-to-CCE mapping types and transmit diversity schemes. We can observe that the various DMRS patterns under the same density can provide the similar performance.
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Fig 3. The comparison of the different demodulation RS patterns (SFBC, localized REG-to-CCE mapping, 60 bits DCI, TDL-C 30\300\1000ns).
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Fig 4. The comparison of the different demodulation RS patterns (Precoder cycling, distributed REG-to-CCE mapping, 20 bits DCI, TDL-C 30\300\1000ns).
Observation 1: For DMRS Pattern 1 and Pattern 2 with different multiplexing modes, the similar performance can be obtained for different aggregation levels under different delay spreads.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on RS design for control channel. In summary, the following proposals are made as follows:
Proposal 1: UE/PDCCH-specific demodulation RS is contained within the time and frequency resource unit for the corresponding control channel. 
Proposal 2: Shared RS which is contained within the time and frequency resource region for the associated channel channels can be supported. The UEs can assume the same precoding operation between RS and the associated channels.
Observation 1: For DMRS Pattern 1 and Pattern 2 with different multiplexing modes, the similar performance can be obtained for different aggregation levels under different delay spreads.
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Appendix
Table 1. Simulation assumptions
	Parameters
	Value

	DCI payload
	20bits or 60bits

	CCE size
	4 REGs

	REG-to-CCE
	Localized or Distributed, i.e., Option 1 in section 8.1.3.1.3 in [4]

	Aggregation level
	1/2/4/8

	Number of control symbol
	1

	Channel coding
	Polar code

	Transmission scheme
	SFBC or precoder cycling per RE

	Channel estimation
	MMSE
PRB bundling: 
4 PRBs for localized mapping of REGs to a CCE;
or 1 PRB for distributed mapping of REGs to a CCE.

	Channel model
	TDL-C (Delay spread: 30/300/1000ns)

	UE speed
	3km/h

	Carrier Frequency
	4GHz

	System bandwidth
	10MHz

	Subcarrier spacing
	15KHz

	Number of BS antennas
	2

	Number of UE antennas
	2
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