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1. Introduction
In last RAN1 meeting, it has been agreed to down select TxD scheme of DL control channel [1]. In this contribution, the performance of two candidate transmission schemes, i.e., SFBC and precoder cycling, are evaluated under given simulation assumptions.
2. Simulation assumptions
Table 1 summaries the assumptions used in this contribution.
Table 1 Simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	DCI payload size
	[20/60]bit + 16bit CRC

	Aggregation Level
	1/2/4/8

	PRB number per CCE
	4

	Resource mapping
	Localized and distributed

	MCS
	QPSK

	Channel Coding
	Polar

	Channel model
	TDL-A [30ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h

	Channel estimation
	MMSE


Some notes are added as follows.
· CCE size is only used for evaluations of transmit diversity schemes.
· DMRS overhead: Two DMRS ports (port #0 and #1) are assumed for SFBC and single DMRS port (port #0) for precoder cycling. The DMRS pattern for SFBC is shown in Figure 1.
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Figure 1 Illustration of DMRS pattern
· For precoder cycling transmission scheme, different precoding matrices are applied on each PRB alternatively, i.e., PRB-level precoder cycling. For example, PRB #0 uses W0, and PRB #1 uses W1. The precoding matrix is defined in [2]. one precoder is defined for each PRB, The precoder is transparent to UEs.
· CCE-to-REG mapping: Both localized and distributed mapping are evaluated. The channel estimation is per-PRB based for distributed mapping.
3. Simulation results

In Figure 2 and 3, the BLER performance of SFBC and precoder cycling under localized mapping and distributed mapping is shown, respectively. For large DCI payload (60bit), single CCE resource (AL=1) is insufficient for correct DCI transmission within the simulation SNR range, so we omit this case. 
In general, SFBC outperforms precoder cycling at 1% BLER. For localized mapping with better channel estimation (i.e., channel estimation based on PRB bundling), we can see obvious gain of SFBC. While for distributed mapping with worse channel estimation (i.e., channel estimation per-PRB), SFBC shows nearly same performance as precoder cycling. By compare the performance for different resource mapping methods, we observe that channel estimation accuracy has great impacts on the BLER performance. Schemes to improve channel estimation accuracy, especially for distributed resource mapping, need to be studied.
	[image: image2.emf]-10 -5 0 5 10 15

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

DCI 20bit, Localized, UE speed=3km/h, TDL-A[30ns]

 

 

SFBC-AL1

Precoder Cycling-AL1

SFBC-AL2

Precoder Cycling-AL2

SFBC-AL4

Precoder Cycling-AL4

SFBC-AL8

Precoder Cycling-AL8


	[image: image3.emf]-10 -5 0 5 10 15

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

DCI 60bit, Localized, UE speed=3km/h, TDL-A[30ns]

 

 

SFBC-AL2

Precoder Cycling-AL2

SFBC-AL4

Precoder Cycling-AL4

SFBC-AL8

Precoder Cycling-AL8



	(a) 20bit
	(b) 60bit

	Figure 2 SFBC vs. Precoder Cycling (Localized, UE speed=3km/h, TDL-A[30ns])
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	Figure 3 SFBC vs. Precoder Cycling (Distributed, UE speed=3km/h, TDL-A[30ns])


4. Conclusions 
We evaluate SFBC and precoder cycling for NR PDCCH. Following observations and proposals are presented:
Observation 1: SFBC outperforms precoder cycling, especially for good channel estimation performance with PRB bundling.
Observation 2: Channel estimation accuracy has great impacts on the BLER performance. 
Proposal 1: SFBC is selected as transmit diversity scheme for NR PDCCH.
Proposal 2: Schemes on improving channel estimation accuracy, especially for distributed resource mapping, need to be studied.
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