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1. Introduction
In RAN1#88, the following were agreed for NR-PDCCH resource mapping. This contribution provides evaluation results for the CCE-to-REG mapping options.  
	Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency

· The following may be considered to achieve the above (in the physical domain)

· Option 1: Localized or distributed mapping of REGs to a CCE. 

· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH

· Down-selection between Opt 1 and Opt 2 should be further discussed

· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case


2. Discussions
A localized NR-PDCCH transmission is typically used when a favourable precoder for a respective UE is available and reliable such as for UE with relatively high SINR and with ‘recent’ CSI report (considering UE speed, channel characteristics, and carrier frequency). A same precoder can apply for DMRS REs and data REs in a transparent manner. Similar to localized EPDCCH, it is desirable that a CCE is composed of localized (contiguous) REGs to maximize beamforming gain or FDS gain. Also, localized REGs can give better channel estimation accuracy if several REGs are bundled using a same precoder. Therefore, a fully localized REG to CCE mapping should also be enabled in NR for localized NR-PDCCH and this is supported by both Option 1 and Option 2.
A distributed NR-PDCCH is associated with diversity, such as frequency diversity or transmission diversity schemes (e.g. precoder cycling), to provide robust transmission that has less dependence on accurate CSI feedback for link adaptation and to also be used for transmission of UE-common DL control channels. To maximize the frequency diversity and interference diversity gains, distributed CCE-to-REG mapping is beneficial for distributed NR-PDCCH. However, due to reduced time duration relative to EPDCCH for NR-PDCCH, a same number of DMRS REs represents higher overhead. To enable accurate channel estimation without excessive DMRS overhead, localized mapping for a number of REGs, at least for aggregation levels with multiple CCEs, can be further considered even for distributed NR-PDCCH as Option 2. For aggregation level of 1 CCE, whether localized mapping of some REGs can apply can depend on the number of REGs per CCE as, depending on the channel, frequency diversity provides gains over improved channel estimation for large SINRs where an aggregation level of 1 CCE is applicable. Localized REGs can enhance channel estimation accuracy when the frequency selectivity is low enough and the localized REGs are either non-precoded or are bundled using a same precoder. As long as transmitter diversity is used, a frequency diversity order of 4 can typically capture all respective gains even for somewhat correlated antennas. Since this trade-off is affected by many parameters such as system bandwidth, channel delay spread, aggregation level, CCE size, a set of evaluation results are provided to compare the following CCE-to-REG mapping options:

· Localized CCE-to-REG mapping with K bundled REGs. Distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Same precoder for K bundled REGs, channel estimation is based on DMRS interpolation of K bundled REGs (K = 6, 3, 2, 1)
· Distributed CCE-to-REG mapping with K bundled REGs. Distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Same precoder for K bundled REGs, channel estimation is based on DMRS interpolation of K bundled REGs (K = 3, 2, 1)
The simulation assumptions are listed in the appendix and the BLER performance of localized mapping and distributed mapping is shown in Figure 1 and Figure 2, respectively. The following table summarizes the required SNR at 1% BLER.
	Required SNR @1% BLER (DCI Size=76 bits including CRC, NR-CCE = 6 REGs)

	Mapping Options
	TDL-C, DS 30ns
	TDL-C, DS 300ns

	
	Bundled REGs
	AL=1
	AL=2
	AL=4
	AL=8
	AL=1
	AL=2
	AL=4
	AL=8

	Localized
	6-REG
	12.5
	5
	0.2
	-3
	12
	4.2
	-0.5
	-3.7

	Localized
	3-REG
	12.3
	4
	0.2
	-2.8
	12
	3.5
	-0.6
	-3.8

	Localized
	2-REG
	11.6
	3.9
	0.4
	-2.5
	11.5
	3.2
	-0.6
	-3.6

	Localized
	1-REG
	12
	4.5
	1.3
	-1.5
	11.3
	3.5
	0
	-2.8

	Distributed
	3-REG
	12.3
	3.5
	-0.2
	-3
	12
	3
	-0.7
	-3.8

	Distributed
	2-REG
	11.5
	3.4
	0
	-2.5
	11.5
	3
	-0.7
	-3.6

	Distributed
	1-REG
	11
	3.8
	0.8
	-1.6
	10.6
	2.8
	-0.3
	-2.8


With the same size of bundled REGs, the performance of distributed mapping is always better than that of localized mapping because the channel estimation accuracy is fairly equal but the frequency diversity improves the performance in distributed mapping. In addition, combination of REG bundling (K>1) and distributed transmission provides a good tradeoff of improved channel estimation accuracy and frequency diversity. Three bundled REGs offer the best performance for most aggregation levels. Therefore, a combination of the localized and distributed mappings in Option 1 should be considered, e.g. 

· Localized mapping of a CCE to K REGs. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH. FFS for the exact value of K.
· Distributed mapping of CCE to REGs. Localized mapping of CCEs when multiple CCEs are needed for an NR-PDCCH.
Proposal: Consider a combination of distributed and localized CCE-to-REG mapping for Option 1.
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Figure 1: Localized Mapping Cases
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Figure 2: Distributed Mapping Cases

3. Conclusions
This contribution considered performance evaluation for NR-PDCCH resource mapping options and proposes the following
Proposal: Consider a combination of distributed and localized CCE-to-REG mapping for Option 1.
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5. Appendix

Table 1 lists the assumptions used in the simulations.

Table 1: Simulation Assumptions
	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 (RMS DS 30ns/300ns)

	BS antenna configuration 
	2Tx

	UE antenna configuration
	2Rx

	Transmission scheme
	Precoder Cycling

	DMRS Density
	33% 

	Channel estimation 
	Frequency-domain interpolation (MMSE)
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