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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 #88bis, progress on DMRS design for DL control channel [3] was made as follows:
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether all REGs have DMRS or not
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.
· FFS: orthogonal DMRS for UE-specific NR-PDCCH
In this contribution, we will discuss DMRS design for DL control channel and present our views 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 PDCCH. With such a design, a PDCCH with one or multiple CCEs contains REs for DMRS and therefore one-go channel estimation from that DMRS can be reused, i.e., receiver complexity can be reduced. For the successful decoding, one PDCCH candidate including one and multiple CCEs must contain REs for DMRS. When localized CCE-to-REG mapping is used, because one PDCCH may consist of one CCE, DMRS should be contained within each CCE. When distributed CCE-to-REG mapping is used, the frequency interval between two REG bundles belonging to a PDCCH candidate may be larger than the coherence bandwidth and therefore DMRS should be contained in each REG bundle to track the frequency selection of channel in the PDCCH detection.
Furthermore, the self-contained design enables the transparent beamforming for DL control channel, which means to use same beamforming for DMRS and DCI. 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 from beamforming, which therefore helps to improve the reception performance of DCI.
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 1: DMRS is contained within each CCE for localized CCE-to-REG mapping or is contained within each REG bundle for distributed CCE-to-REG mapping. 
DMRS patterns
DMRS pattern design refers to deciding how many and where the DMRS sequence should be placed so that it can track frequency selection and time variations of channel. For the overhead of DMRS for DL control channel, we consider the DMRS patterns those overhead is no more than 1/3. When only the first OFDM symbol is used for PDCCH, the DMRS patterns to be evaluated in this paper are presented in Fig.1. The overhead of pattern 1a is 1/6 and the overhead of pattern 1b and 1c is both 1/3. Note that in pattern 1c, 2 REs per REG are muted and the transmit power is borrowed for DMRS transmission. 
[image: ]
Fig.1. DMRS patterns when one OFDM symbol is used for PDCCH.
When the first 2 OFDM symbols are occupied for PDCCH transmission, the time-first mapping from an NR-CCE to REGs is considered in this paper. The DMRS patterns considered in this paper are depicted in Fig. 2. In patterns 2d, 2e, and 2f, no DMRS is inserted in the REGs on the second OFDM symbol to reduce the DMRS overhead. Due to the high correlation, it can be envisioned that UE can decode the PDCCH on the second OFDM symbol by detecting the DMRS on the first symbol. We will evaluate the performance of the above DMRS patterns in the next section.
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Fig.2. DMRS patterns when 2 OFDM symbols are used for PDCCH.
Evaluation on the DMRS patterns
The simulation assumptions are provided in Table 1 in Appendix. In our evaluation, the transmission is based on 1-port precoder cycling. The bundling size is 2 REGs. 6 REGs are mapped to 1 CCE distributedly. Note that in the above distributed mapping, the unit size of resource allocation is equal to the bundling size.   More details on the transmission schemes can be found in our companion paper [4].
In Figures 3 and 4, we first compare the BLER performance of the various DMRS patterns shown in Figure 1, where only 1 OFDM symbol is used for PDCCH. Figures 5 and 6 show the simulation results for the DMRS patterns 2a, 2b and 2c in Figure 2, where 2 OFDM symbols are used for PDCCH and the time-first mapping from an NR-CCE to REGs is used.
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Fig 3. The comparison of the various DMRS patterns shown in Fig. 1 (20 bits DCI).
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Fig 4. The comparison of the various DMRS patterns shown in Fig. 1 (60 bits DCI).
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Fig 5. The comparison of patterns 2a, 2b and 2c shown in Fig. 2 (20 bits DCI).
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Fig 6. The comparison of patterns 2a, 2b and 2c shown in Fig. 2 (60 bits DCI).
From Figures 3-6, we can make the following observations:
Observation 1: The DMRS patterns with the same overhead of 1/3, i.e., patterns 1b and 1c in Figure 1, can provide the similar performance for the 1-port precoder cycling scheme.
Observation 2: The DMRS pattern with the overhead of 1/3 can provide the gain over the pattern with the overhead of 1/6 for the 1-port precoder cycling scheme when the code rate is low.
Observation 3: Compared with the pattern with the overhead of 1/3, the DMRS pattern with the overhead of 1/6 can provide the similar or higher performance for the 1-port precoder cycling scheme when the code rate is high.
Observations 2 and 3 are reasonable because under the low code rate, the SNR operation point is low correspondingly. More DMRS overhead can improve the channel estimation accuracy under the low SNR and hence achieve the better decoding performance. On the contrary, under the high code rate, the SNR operation point is high correspondingly. The channel estimation is accurate, and thus the level of code rate dominates the decoding performance.
Next, in Figures 7 and 8, we evaluate the impact of DMRS overhead reduction, where 2 OFDM symbols are used for PDCCH and the time-first mapping from an NR-CCE to REGs is used. 
[image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\A07AECBC-FC41-4FAC-AFCC-1E3557A14707.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\C42B726A-03DA-4D7D-94C8-A3E78D7272E8.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\9DD59DA8-C579-4159-9BD6-5D7E2D762DC3.png]
[image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\6538EA97-E545-4C61-945D-0DB1597EEDD4.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\2DAC27D7-9A48-44F2-AB7F-C767F44414F8.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\DACA182A-C0D4-4B6B-B811-06D01E97F557.png]
[image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\813330DF-D6D4-4326-BC19-4E800335D533.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\BD9D167C-EC03-4382-A500-E4FBC444CB3D.png] [image: C:\Users\z00317092\AppData\Roaming\eSpace_Desktop\UserData\z00317092\imagefiles\74ACD61D-45B9-4D9C-931A-FE9067CCF0AB.png]
Fig 7. The comparison of DMRS patterns shown in Fig. 2 (20 bits DCI).
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Fig 8. The comparison of DMRS patterns shown in Fig. 2 (60 bits DCI).
From Figures 7 and 8, we can make the following observations:
Observation 4: Under the DMRS overhead of 1/6, the further overhead reduction always has the negative impact on the 1-port precoder cycling scheme, when 2 OFDM symbols are used for PDCCH and the time-first mapping from an NR-CCE to REGs is used.
Observation 5: Under the DMRS overhead of 1/3, the further overhead reduction can provide the performance gain for the 1-port precoder cycling scheme when the code rate is high.
From observations 1~5, we can see that the DMRS patterns with the different overhead (1/6 and 1/3) have their own favorable scenario, i.e., 1/6 under the high code rate and 1/3 under the low code rate. For the DMRS with the overhead of 1/3, the further overhead reduction can be conducted when the PDCCH occupies multiple OFDM symbols. By time-first mapping from an NR-CCE to REGs, the high correlation between adjacent OFDM symbols can be exploited and further overhead reduction can potentially provide performance gain.  
In RAN1 #88bis, it is agreed that MU-MIMO is supported for NR-PDCCH at least using non-orthogonal DMRS [3]. Besides non-orthogonal DMRS, NR-PDCCH based on the MU-MIMO transmission scheme can be detected based on orthogonal DMRS. The latter can exclude the interference of DMRS belonging to the different ports and hence can improve the accuracy of channel estimation. This improvement is very important especially under the low code rate, where the accuracy of channel estimation dominates the decoding performance. Orthogonal multi-port DMRS can be implemented in the patterns of 1c, 2c and 2f. Compared with the pattern of 2c, although the pattern of 2f induces little performance loss under the high aggregation level (e.g., 4 or 8) and the DCI payload of 20 bits, it provides the obvious performance gain under the low aggregation level (e.g., 1) and the DCI payload of 60 bits. Considering DCI payload sizes having a clear tread to be increased as analyzed in [5], we slightly prefer to support the DMRS pattern of 2f.
Thus, we make the following proposal on the DMRS for DL control channel:
Proposal 2: The DMRS pattern with 1/3 RS overhead including pattern 1c in Figure 1 and pattern 2f in Figure 2 are adopted as the DMRS patterns for NR-PDCCH.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on DMRS design for control channel. The various DMRS patterns are carefully evaluated. From the simulation results and discussions above, the following observations and proposals are made on the DMRS for DL control channel:
Observation 1: The DMRS patterns with the same overhead of 1/3, i.e., patterns 1b and 1c in Figure 1, can provide the similar performance for the 1-port precoder cycling scheme.
Observation 2: The DMRS pattern with the overhead of 1/3 can provide the gain over the pattern with the overhead of 1/6 for the 1-port precoder cycling scheme when the code rate is low.
Observation 3: Compared with the pattern with the overhead of 1/3, the DMRS pattern with the overhead of 1/6 can provide the similar or higher performance for the 1-port precoder cycling scheme when the code rate is high.
Observation 4: Under the DMRS overhead of 1/6, the further overhead reduction always has the negative impact on the 1-port precoder cycling scheme, when 2 OFDM symbols are used for PDCCH and the time-first mapping from an NR-CCE to REGs is used.
Observation 5: Under the DMRS overhead of 1/3, the further overhead reduction can provide the performance gain for the 1-port precoder cycling scheme when the code rate is high.
Proposal 1: DMRS is contained within each CCE for localized CCE-to-REG mapping or is contained within each REG bundle for distributed CCE-to-REG mapping. 
Proposal 2: The DMRS pattern with 1/3 RS overhead including pattern 1c in Figure 1 and pattern 2f in Figure 2 are adopted as the DMRS patterns for NR-PDCCH.
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Appendix
Table 1. Simulation assumptions
	Parameters
	Value

	DCI payload
	20bits or 60bits

	CCE size
	6 REGs

	REG-to-CCE
	Distributed, where the unit of resource allocation is same as the REG bundling size and the interval between the both REG bundles of the same CCE is assumed to be 12 REGs.
[image: ]

	Aggregation level
	1/2/4/8

	Number of control symbol
	1/2

	Channel coding
	Polar code

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	MMSE
REG bundling size: 2 REGs.

	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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