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1 Introduction
In the previous RAN1 meetings, the followings were agreed on the PDCCH design [1, 2, 3].
Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH

Agreements:
· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3

· FFS on DMRS pattern

Agreement:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate

· The DMRS density is the same on all REGs

Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

This contribution discusses the remaining FFS issues and further details on DMRS structure for PDCCH.
2 DMRS structure for PDCCH
2.1 DMRS overhead
To determine the effect of DMRS overhead, the PDCCH BLER according to DMRS overhead is evaluated as shown in Figure 1. DMRS overheads of 1/3, 1/4 and 1/6 are considered. The simulation results show the trade-off between channel estimation accuracy and coding rate. 1/3 DMRS overhead shows the best performance for high aggregation levels, while 1/6 DMRS overhead is the best for lower aggregation levels. It is agreed that DMRS density is the same on all REGs composing a PDCCH candidate. However, it is still open whether or not to support various DMRS density according to the aggregation levels. One possible choice will be using 1/6 DMRS overhead for AL = 1, 2 and 1/3 DMRS overhead for AL=4, 8. However, this kind of approach is not desirable in terms of UE complexity and implementation. For example, using different DMRS densities for different aggregation levels can give some restrictions in reusing channel estimation over aggregation levels and it causes more UE power consumption during blind decoding. Further, for the lower aggregation levels, a network can choose to de-boost the DMRS power and boost the DCI power, thus recovering some of the coding loss due to higher DMRS overhead. Therefore, it is better to use fixed DMRS overhead without any additional configuration. A fixed DMRS overhead of 1/4 can be selected since it shows good trade-off between channel estimation accuracy and coding rate with BLER performance very close to the best one for the optimum DMRS overhead.
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Figure 1: BLER performances of PDCCH for various DMRS overhead for 300ns
Proposal 1: Fixed DMRS density of 1/4 is supported for all CCE aggregation levels. 
2.2 Number of DMRS ports

One-port transmit diversity scheme is supported for PDCCH and it may be used with interleaved PDCCH to maximize the diversity gain and achieve robustness when CSI feedback is absent or unreliable. If a favorable precoder for the UE is available and reliable, UE-specific beamforming can be used with non-interleaved PDCCH. The UE-specific beamforming is mostly based on 1 port transmission. To increase PDCCH capacity, MU-MIMO transmission is supported in a transparent way using non-orthogonal DMRS. All of these transmission schemes can be supported by one-port DMRS.
The only use case requiring more than one antenna port is MU-MIMO transmission using orthogonal DMRS. Orthogonal DMRS gives the highest degree of robustness for MU-MIMO transmission. However, performance degradation in one-port based PDCCH transmission is inevitable since DMRS density per port is reduced when more than one port is used. The performance degradation would be severe for high delay spread channel environment where frequency-domain interpolation is important. 

From a different point of view, the motivation of orthogonal MU-MIMO for PDCCH is somewhat insufficient in NR. First, as a large number of antennas are expected to be typically adopted at the base station, enough spatial separation between beams for different UEs can be achieved. Accordingly, non-orthogonal DMRS may be enough to distinguish different UEs. Further, PDCCH capacity can be efficiently managed by gNB by means of flexible UE-specific CORESET configuration. Wider system bandwidth also helps to deal with PDCCH capacity relaxation. The number of UEs simultaneously using a CORESET can be managed by different monitoring occasion configuration for different UEs in time. As a result, capacity enhancement using MU-MIMO is not a primary consideration in NR PDCCH. Moreover, the robustness and benefits of orthogonal MU-MIMO for PDCCH (much lower payloads than PDSCH and a target BLER than is an order of magnitude lower than the PDSCH one without HARQ retransmission support) is questionable in practice. Therefore, it would be more desirable to focus on reliability and flexibility in PDCCH design rather than capacity enhancement, and resultant one-port DMRS is enough.
Proposal 2: One-port DMRS is supported for PDCCH.
2.3 DMRS sequence for interleaved PDCCH
Interleaved PDCCH can be configured for coverage critical control signalling such as common control/group common control signalling and UE-specific control signalling for cell edge UEs. For interleaved PDCCH, REG bundles composing a PDCCH candidate are distributed over the entire time/frequency resources within a configured CORESET to maximize the diversity gain. DMRS to decode that PDCCH candidate can be also transmitted over the CORESET and it should be shared for the UEs with PDCCH transmission in the same CORESET.

Therefore DMRS sequence should be known to all of the UEs sharing that DMRS. Accordingly, at least for common search space, DMRS sequence can be associated with cell ID. During initial access procedure, a UE has to know the DMRS sequence configuration for common search space including control configured with RA-RNTI, SI-RNTI, and P-RNTI. Before RRC connection, since a UE cannot be configured with specific ID and/or scrambling ID which will be used for initialization of DMRS sequence, the cell ID needs to be used for DMRS sequence generation. After RRC connection, a UE can be configured with a specific scrambling ID (per CORESET) to generate a shared DMRS sequence. Therefore, for group common control and UE-specific search space for interleaved REG-to-CCE mapping, the DMRS sequence can be configured by higher layer signalling. In this case, the configured ID for DMRS sequence initialization is like a virtual cell ID which is the same for the UEs who share the DMRS. 
Proposal 3: DMRS scrambling sequence initialization for common search space during initial access is determined from the cell ID
Proposal 4: DMRS scrambling sequence initialization for interleaved PDCCH can be associated with cell ID or with virtual cell ID configured by higher layer signalling.
2.4 DMRS sequence for non-interleaved PDCCH
For non-interleaved REG-to-CCE mapping, to support UE-specific beamforming, DMRS should be UE-specific. A CORESET for UE-specific search space is configured by higher layer signalling after RRC connection establishment. Therefore it is possible to configure DMRS sequence for non-interleaved PDCCH by higher layer signalling in a UE-specific manner. Each UE can have different UE-specific ID and scrambling ID for initialization of DMRS sequence. Using configured UE-specific ID provides good support for transparent MU-MIMO while not overly complicating the specifications. Even if two UEs share the same antenna port, MU-MIMO could still be applied in non-orthogonal manner.
As described in the previous section, the preferred number of DMRS port is 1 and in this case consideration on DMRS port mapping is not meaningful. On the other hand, if MU-MIMO using orthogonal DMRS is supported in NR, some rules for DMRS port mapping have to be supported. Even for this case, DMRS port mapping for PDCCH can be very simplified since time-first mapping of REG-to-CCE mapping is supported for PDCCH. In time-first mapping, a CCE is always located over multiple OFDM symbols equal to the CORESET duration and multiple CCEs are not TDMed but always FDMed. Then, DMRS within a CCE can be fully utilized for that CCE corresponding to a UE. Therefore, the DMRS port mapping can be decided by the UE-ID without consideration on other system parameters.

Proposal 5: DMRS sequence for non-interleaved PDCCH is configured by higher layer signalling.

3 Conclusion
This contribution discussed on DMRS structure for PDCCH based on the agreements in the previous RAN1 meeting. Following proposals were captured as below.
Proposal 1: Fixed DMRS density of 1/4 is supported for all CCE aggregation levels. 
Proposal 2: One-port DMRS is supported for PDCCH.
Proposal 3: DMRS scrambling sequence initialization for common search space during initial access is determined from the cell ID

Proposal 4: DMRS scrambling sequence initialization for interleaved PDCCH can be associated with cell ID or with virtual cell ID configured by higher layer signalling.
Proposal 5: DMRS sequence for non-interleaved PDCCH is configured by higher layer signalling.
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Appendix
Table 1. Link level simulation parameters
	Attributes 
	Values or Assumptions 

	Carrier Frequency 
	4GHz

	System Bandwidth
	20MHz

	DCI Payload Size 
	76 bits (including 16 bits CRC)

	Modulation 
	QPSK

	Channel coding
	TBCC

	Sub-carrier spacing 
	15kHz

	Channel model 
	TDL-C

	Delay spread
	300ns

	Velocity
	3km/h

	Antenna configuration 
	2 x 2

	Transmission scheme
	1 port precoder cycling

	DMRS overhead
	1/3, 1/4, 1/6

	RE mapping
	Time-first mapping

	REG bundling size
	2-bundle for 1-symbol CORESET
2-bundle for 2-symbol CORESET
3-bundle for 3-symbol CORESET

	Channel estimation 
	2D MMSE considering REG bundling

	Interleaving
	Uniform distribution in frequency domain
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