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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the NR-PDCCH CCE-to-REG mapping and NR-PDCCH-to-CCE mapping, there are some agreements as a starting point for further evaluations and discussions as follow:
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
This contribution further evaluates various alternatives and provides the proposals.
2. Discussions
2.1. Mapping rules
The following assumptions are made for evaluation.
· It is assumed one REG mapping to a whole PRB, which is consists of 12 subcarriers and 1 symbol.
· DMRS are reserved within each REG, e.g., 4REs(1/3 overhead ) for 2 antenna ports. 
The different alternatives for CCE-to-REG mapping and NR-PDCCH-to-CCE mapping are given as in Figure.1.
It is noted that the channel estimation assumptions are these alternatives are different in Table 1.
Table 1. Assumptions for various CCE-to-REG mapping and NR-PDCCH-to-CCE mapping 
	
	NR-PDCCH-to-CCE mapping
	CCE-to-REG mapping
	PRB bundling
	Diversity gain

	Alt 1: LPdcch-cceDcce-reg
	localized
	distributed
	2 or 4 bundling
	medium or high

	Alt 2: DPdcch-cceDcce-reg
	distributed
	distributed
	no
	high

	Alt 3: LPdcch-cceLcce-reg
	localized
	localized
	2or4 PRB bundling
	no

	Alt 4: DPdcch-cceLcce-reg
	distributed
	localized
	2or4 PRB bundling
	medium
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Figure 1. CCE-to-REG mapping and NR-PDCCH-to-CCE mapping rules
2.2. Simulation Results
The simulation results are given as follows. And the simulation assumptions are provided in RAN1#88 meeting. Details are provided in the Annex A.
1. 8PRB, 16PRB, 32PRB, SFBC
[image: ]
2. 8PRB, 16PRB, 32PRB Precoding Cycling
[image: ]
2.3. Observations and proposal
· For low/medium AL (8PRB, 16PRB), 
· LD (PDCCH-CCE : Localized, CCE-REG : Distributed) outperforms others or has similar performances@1% BLER.
· For high AL (32PRB), 
· LL (PDCCH-CCE : Localized, CCE-REG : Localized) outperforms other schemes@1% BLER, 
· LD (PDCCH-CCE : Localized, CCE-REG : Localized) and DL(PDCCH-CCE : Distributed, CCE-REG : Localized) have similar performance , and they are worse than LL about less than 0.5dB.
And considering the performance degradation of LL at low AL is large (1-1.5dB worse than LD), LL and LD have similar performance at high AL, it is proposed to adopt LD for all cases.
Proposal: For either precoding cycling or SFBC, 
· Localized mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Distributed mapping of REGs to a CCE
3. Conclusion
In this contribution, we evaluate performance of various NR CCE/REG design with the following observations and proposal:
Observations:
· For low/medium AL (8PRB, 16PRB), 
· LD (PDCCH-CCE : localized, CCE-REG : distributed) outperforms others or has similar performances@1% BLER.
· For high AL (32PRB), 
· LL (PDCCH-CCE : localized, CCE-REG : localized) outperforms other schemes@1% BLER, 
· LD (PDCCH-CCE : localized, CCE-REG : localized) and DL(PDCCH-CCE : distributed, CCE-REG : localized) has similar performance , and they are worse than LL about 0.5dB.
Proposal: for either precoding cycling or SFBC, 
· Localized mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Distributed mapping of REGs to a CCE
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Annex A. Simulation assumptions
Table A.1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Channel model
	3 Km/h, TDL-C, 300ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	Only first-OFDM symbol are reserved for CCE mapping

	
	One PRB for one REG

	 Control Channel Payload
	60-bit payload, 16-bit CRC

	Coding scheme
	Polar Code [2]
Punctured and ordering scheme according to [2]

	Modulation Scheme
	QPSK, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	2 Tx, 2 Rx

	Reference signals
	See below

	Transmission scheme
	Precoder cycling per PRB, 2 Tx SFBC

	CCE size
	4 RBs, 48 subcarriers, 1/3 overhead for RS



Figure A.1 RS (1/3 overhead)
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