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1. Introduction
In previous RAN1 meetings, some agreements and working assumptions relating transmit diversity scheme, REG bundling, MU-MIMO operation and the number of REGs per CCE were made. 
	Agreement(RAN1 NR-Adhoc2):

· 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

Working assumptions(RAN1#89):
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling

· FFS: restriction in the certain conditions



In this contribution, we discuss RS structure including the number of RS ports, RS overhead, RS allocation. 
2. Discussions 

In last meeting, it was agreed that one-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH. In addition, it was agreed that MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS, and MU-MIMO using orthogonal DMRS was remained as FFS in RAN1#88bis meeting. In our view, MU-MIMO using orthogonal DMRS is helpful to reliable channel estimation and accurate interference cancellation. The non-orthogonal DMRS using different scrambling ID causes inter-layer interference, while orthogonal DMRS multiplexed by FDM (or CDM) can achieve more accurate channel estimates without inter-layer interference. In addition, if interference cancellation is applied to control channel, more accurate interference detection and cancellation would be performed when orthogonal DMRS is used for multiplexing of control channels. Therefore, we propose 2 orthogonal RS ports are supported in NR-PDCCH. When 2 orthogonal RS ports are used for different UEs, each UE can select its own RS port based on UE ID. If 2 RS ports are used for one UE, then gNB can split BD in two ports for the UE. In this way, much flexible scheduling can be taken at gNB side.  
If a network needs control channel multiplexing of more than 2 PDCCHs, then non-orthogonal DMRS could be used for control channel multiplexing additionally. For a transmit diversity scheme, a gNB can apply power boosting on used RS port, and REs for unused RS port can be rate-matched. Regarding the number of REs for transmitting RSs, in order to guarantee coding gain and channel estimation performance, total 4 REs per REG can be reserved for RS transmission. The reserved 4REs can be fully used by RSs or power boosted 2 RSs and muted REs, so that can used for noise power measurement of RLM. 
About full loaded RS, RS density can be configured by a gNB or associated with CORESET duration or bundle size. When large bundle size or long CORESET duration is configured for a UE, then UE may use lower RS density which can be predefined. In case of CSS, RS density for full loaded RS can have separate configuration or a default behavior can be defined by a gNB.   

In section 3, we provide simulation results for evaluating NR-PDCCH performance on variable RS configurations. According to the results, the cases of 1 RS port with 4RE/RB (i.e., Figure 1-(a)), power boosted 2 RE/RB (i.e., Figure 1-(b)) and 3RE/RB (i.e., Figure 1-(c)) have similar performance in higher aggregation level. For implementation of orthogonal MU-MIMO, 4REs with boosted 2RSs may the easier way, and it can be considered that RS density can be configured depending on the transmission mode. 
Proposal 1: For MU-MIMO operation, 2 orthogonal RS ports are supported in NR-PDCCH.

Proposal 2: RS density in a REG can be configured depending on transmission mode.
3. Performance evaluation 

In our simulation, 6 REGs are considered for one CCE with the distributed CCE-to-REG mapping, and the performances are evaluated in the aggregation level 1, 2, 4 and 8 in the TDL-C channel of RMS 300ns in 1, 2 and 3 symbols, the bundle size for 1-symbol CORESET is 2 in frequency domain, and for 2/3-symbol CORESET, the bundle size are 2, 3 separately in time domain. The 1 port precoder cycling and MMSE channel estimation is used. Details of simulation parameter can be found on Table 1 in appendix. 
Three types of DMRS pattern are evaluated and are shown in Figure 1, figure 1 shows the example of 2-symbol CORESET, 1 and 3 symbol CORESET has the same construction with figure 1.
Case a: 4 REs are used for RS transmission and 8 REs are used to transmit control information in one REG.
Case b: 2 REs with power boosting for RS and 8 REs for control information (2 REs are rate matched) in one REG
Case c: 3 REs are used for RS transmission and 9 REs are used to transmit control information in one REG.
Intuitionally, case (a) can achieve performance gain from better channel estimation performance, and the performance of case (b) is similar to or a little less than case (a) because it has power boosted RS. The case (c) may show better performance in lower aggregation level (e.g., AL1) because more REs can be used for transmitting control information. 
 
[image: image1.emf]REs for data

(a) (b) (c)

REG

REs for RS

Muted REs


Figure 1. RS configurations for 2-OS evaluations
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Figure 2. The performances of different RS patterns with DS30ns for 1-symbol CORESET
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Figure 3. The performances of different RS patterns with DS30ns for 2-symbol CORESET
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Figure 4. The performances of different RS patterns with DS300ns for 1-symbol CORESET
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Figure 5. The performances of different RS patterns DS300ns for 2-symbol CORESET

[image: image10.png]FER

1.00E+00

1.00E-01

1.00€-02

1.00E-03

1.00E-04

3-0S CORESET; TDL_C 3km/h, RMS DS 300ns; TBS36

-15

-10

0
SNR(dB)

10

15

—e—Pattern (a), ALL
—8—Pattern (a), AL2
—e—Pattern (a), AL4
—&—Pattern (a), AL8
—e—rPattern (b), ALL
—8—Pattern (b), AL2
—e—Pattern (b), AL4
—&—Pattern (b), AL8
—e—Pattern (c), ALL
—8—Pattern (c), AL2
—e—Pattern (c), AL4

—&—Pattern (c), AL8



[image: image11.png]FER

1.00E+00

1.00E-01

1.00€-02

1.00E-03

1.00E-04

-15

3-0S CORESET; TDL_C 3km/h, RMS DS 300ns; TBS76

-10

0
SNR(dB)

10

15

—e—Pattern (a), ALL
—8—Pattern (a), AL2
—e—Pattern (a), AL4
—&—Pattern (a), AL8
—e—rPattern (b), ALL
—8—Pattern (b), AL2
—e—Pattern (b), AL4
—&—Pattern (b), AL8
—e—Pattern (c), ALL
—8—Pattern (c), AL2
—e—Pattern (c), AL4

—&—Pattern (c), AL8




Figure 6. The performances of different RS patterns with DS300ns for 3-symbol CORESET

The following observations are made from the simulation result above:
Observation 1: 3RE/RB pattern has better performance with aggregation level 1, because of the lower coding rate.
Observation 2: the performance gap in aggregation level 1 become smaller when delay spread has small value or DCI size is small.
Observation 3: 4 RE/RB pattern can be beneficial to scenario requiring high reliability.
4. Conclusion
In this contribution, we discuss RS structure of NR-PDCCH. Our proposals are as follows;
Proposal 1: For MU-MIMO operation, 2 orthogonal RS ports are supported in NR-PDCCH.

Proposal 2: RS density in a REG can be configured depending on transmission mode.
Observation 1: 3RE/RB pattern has better performance with aggregation level 1, because of the lower coding rate.

Observation 2: the performance gap in aggregation level 1 become smaller when delay spread has small value or DCI size is small.

Observation 3: 4 RE/RB pattern can be beneficial to scenario requiring high reliability.
5. Appendix
6. Table 1. Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	4GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	Channel coding
	TBCC

	DCI size
	36 and 76 (including 16bit CRC)

	Channel type
	TDL-C

	RMS delay spread
	30ns and 300ns

	Modulation order
	QPSK

	CCE Aggregation level
	AL 1, 2, 4, 8

	Number of Antenna port
	1 port

	Channel estimation
	MMSE

	Allocation mode
	Distributed

	RS pattern
	Case (a), (b), (c) as explained above

	Number of symbols for NR-PDCCH 
	1, 2 and 3 OFDM symbol
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