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1. Introduction
In last RAN1 meeting, physical structure and transmission diversity (TxD) scheme for NR-PDCCH were discussed and following agreements and working assumptions were achieved [1]:
	Agreements:
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;

· REG bundle is defined in time and frequency-domain

· At least support following:

· Time-first mapping where one of the following is configured

· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration

Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping

Working assumptions:
· 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

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


In this contribution, we will provide a further evaluation to investigate the impact of DMRS design.
2. Assisting DMRS in freq domain
2.1 Discussion
Based on above agreements and working assumptions, a CORESET can span either a single or multiple contiguous OFDM symbols. 
For 1-symbol case without losing generality, multiple REG bundles are interleaved or non-interleaved in the CORESET with DMRS always being assumed to be self-contained within the PRBs containing the actual transmission. This design has the advantage of flexible multiplexing among PDCCHs with different digital beamforming directions. However, this design would somewhat limit the channel estimation accuracy. An intuitive idea to improve channel estimation accuracy is to utilize the DMRS within the PRBs without actual PDCCH transmission to assist channel estimation. This requires uniform precoding matrix for actual PDCCH transmission and assisting DMRS. The frequency range containing assisting DMRS can be either entire BW or only partial BW of a CORESET. The larger the BW, the higher the DMRS overhead is and the less multiplexing flexibility remains. To strike the balance between channel estimation accuracy and DMRS overhead, and remain the flexibility of PDCCH multiplexing, a potential way is to add assisting DMRS only on adjacent PRB(s) that without PDCCH transmission. An illustrative example is shown in Figure 1.
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Figure 1 Illustration of different DMRS designs: Opt 1: Self-contained DMRS; Opt 2: With assisting DMRS
2.2 Simulation results
In this subsection, we present extensive evaluations to investigate the impact of assisting DMRS for 1-symbol CORESET. In this contribution, distributed mapping with a bundling size of 3 REGs is assumed. DMRS within adjacent 3 PRBs (i.e., an adjacent REG-bundle) is used to assist channel estimation. Detailed simulation parameters are summarized in Appendix A.

In Figure 2, the BLER performances of self-contained DMRS and assisting DMRS are compared under TDL-C model with 30ns and 300ns delay spread, respectively. It shows that, the performance of precoder cycling can be improved via additional DMRS to assist channel estimation.
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	Figure 2 BLER performance of self-contained DMRS and assisting DMRS


Observation 1: The performance of precoder cycling can be improved via additional RS for assisting channel estimation, especially for large aggregation level. 

Proposal 1: Assisting DMRS for channel estimation within a CORESET should be studied in NR-PDCCH design.
3. DMRS Design for 3-symbol CORESET
3.1 Discussion

For multi-symbol case, it has been agreed that at least time-first mapping of REG bundle is supported. A possible DMRS design is front-loaded DMRS that putting DMRS only on the first OFDM symbol of the CORESET in order to reduce DMRS overhead and provide a higher coding gain. Enabling fast processing is another benefit of front-loaded DMRS.

Proposal 2: Front-loaded DMRS design should be supported at least for CORESET with 2-symbol duration.

However, remove the DMRS on following symbols in the CORESET may degrade the channel estimation accuracy, especially for 3-symbol case and/or high-speed scenario. Under this case, adding additional DMRS on the third OFDM symbols in the CORESET to ensure the channel estimation accuracy is necessary. An illustrative example of the two DMRS designs is shown in Figure 3.
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Figure 3 Illustration of different DMRS designs
3.2 Simulation results
In this subsection, we evaluate the 3-symbol CORESET case to see the necessity of additional DMRS in time domain. REGs are bundled in time domain with the bundles size equals to the duration of the CORESET. In frequency domain, distributed mapping per PRB level is adopted.
Figure 4 shows the BLER performance of two DMRS designs in both low speed scenario (3km/h) and high speed scenario (500km/h) with different subcarrier spacings. In low speed scenario, option 1 shows clear performance gain in AL 1 for all three SCS values due to a lower coding rate. In the case of AL 2, option 1 achieves a similar performance as option 2. The possible reason is the coding gain compensates channel estimation loss. For large ALs, option 2 outperforms option 1. 
In high speed scenario, option 2 outperforms option 1 greatly in all ALs for subcarrier spacing as 30kHz, especially for AL 1 and 2. It is probably because that the channel condition varies so fast that the channel correlation loss for the 3rd OFDM symbol. The channel correlation coefficients under different UE speed and time gap are summarized in Appendix B. For larger subcarrier spacing (e.g., 60kHz), option 2 still outperforms in AL 2, 4 and 8, while option 1 can achieve a comparable performance in AL 1.
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	(a) 3km/h, SCS=15kHz
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	(b) 3km/h, SCS=30kHz
	(c) 500km/h, SCS=30kHz
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	(d) 3km/h, SCS=60kHz
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	Figure 4 BLER performance of two DMRS designs


Observation 2: For CORSET with 3 symbols, besides front-loaded DMRS, additional DMRS on 3rd symbol could improve the BLER performance greatly especially for high mobility scenario at least with 30 kHZ SCS. 
Based on the above observation, it is preferred to support DMRS on the 3rd symbol at least for 30 kHz SCS. Although it is possible to design different DMRS density for 30 kHz and 60 kHz, it is highly preferred to have unified DMRS pattern for all SCS values. Furthermore, the performances of 60 kHz SCS are similar, regardless if the DMRS is present on the 3rd Symbol. Therefore, it is proposed that:

Proposal 3: For CORSET with 3 symbols, the pattern with DMRS on both the 1st and 3rd symbol is supported.
4. Conclusions 
In this contribution, we discuss and evaluate possible DMRS designs for NR-PDDCH, with following observations and proposals:
Observation 1: The performance of precoder cycling can be improved via additional RS for assisting channel estimation. 

Observation 2: For CORSET with 3 symbols, besides front-loaded DMRS, additional DMRS on 3rd symbol could improve the BLER performance greatly especially for high mobility scenario. 

Proposal 1: Assisting DMRS for channel estimation within a CORESET should be studied in NR-PDCCH design.
Proposal 2: Front-loaded DMRS design should be supported at least for CORESET with 2-symbol duration.
Proposal 3: For CORSET with 3-symbol, the pattern with DMRS on both the 1st and 3rd symbol is supported.
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Appendix A
Table 1 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15/30/60kHz for 3km/h
30/60kHz for 500km/h

	DCI payload size
	60bit + 16bit CRC

	PRB number per CCE
	6

	Resource mapping
	Distributed with 3-REG bundling

	MCS
	QPSK

	Channel Coding
	Polar

	Channel model
	TDL-C [30/300ns]

	Antenna configuration
	2T 2R

	UE speed
	[3/500]km/h

	Channel estimation
	MMSE


Appendix B
· Channel correlation coefficients for different UE speed and time gap are summarized in Table 2.

 Table 2 Channel correlation coefficients under different UE speed and time gap
	
	UE speed: 3km/h
	
	UE speed: 500km/h

	Time gap: 50us
	1.0000
	Time gap: 35us
	0.9587

	Time gap: 100us
	1.0000
	Time gap: 65us
	0.8587

	Time gap: 1ms
	0.9988
	Time gap: 100us
	0.6709

	Time gap: 5ms
	0.9696
	Time gap: 135us
	0.4127

	Time gap: 10ms
	0.8794
	Time gap: 250us
	-

	Time gap: 20ms
	0.5315
	Time gap: 1ms
	-


Note 1: 35/65/135us corresponds to nearly 2 OFDM symbols with 60/30/15kHz subcarrier spacing, respectively.
Note 2: - (or no value) in the table denotes out of correlation.
_1555417701.vsd
Option (1)


Option (2)


CCE #1


CCE #2


empty


DMRS



_1558602445.vsd
Option (1)


Option (2)


DMRS


Mute



