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Introduction
In the last meeting [1], aspects of mapping NR-PDCCH over frequency were discussed. Below are the agreements. 
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
Discussion
We study the performance of localized vs distributed mapping of REGs to CCE.  We present results for the 1 CCE case. In our study, we considered a CCE size of 6 PRB. A CCE is divided into  N-PRB bundles, where . An N-PRB bundle consists of N PRBS mapped contiguously in frequency. Each of the N-PRB bundle is spread out uniformly over the control resource set (CORESET).  corresponds to localized mapping of CCE to REG, while the other cases correspond to distributed mapping of CCE to REGs. Channel estimation was performed assuming bundling over  PRBs. Table 1 captures the simulations assumptions for our study.

Table 1: Evaluation assumptions
	Parameter
	Value

	Channel profile
	TDL-C 30ns, 300ns and 1000 nsec

	Number of BTS antennas
	2

	Number of UE antennas
	2

	beamforming scheme
	no beamforming

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	1

	subcarrier spacing
	15KHz

	CORESET BW
	17.28MHz
1152 REs = 12*6*8*2 REs (can accommodate 2 AL8)

	DCI Size
	20, 30, 44, 60 (w CRC)

	RS overhead
	 1/3 

	Coding
	TBCC list=1

	Channel Estimation
	One shot MMSE Channel Estimation

	Channel estimation bundle-size == minimum resource allocation unit
	2,3,6 REGs (1REG = 1PRB in a single OFDM symbol)

	Search Space
	distributed search space (the minimum resource allocation units for each aggregation level are equally spread within the entire 17.28MHz CORESET)

	Amount of cyclic delay in case of SCDD
	800ns



Contiguous vs Non-Contiguous Frequency Allocation
Based on the simulation results for a single port transmit diversity scheme, we have the following observations
Observation 1: 2RB distributed mapping for CCE to REG, performs better than localized 6RB CCE to REG mapping across almost all of the payloads and channel models studied.
Observation 2: 2RB distributed mapping for CCE to REG, has non-trivial gain compared to localized 6RB CCE to REG mapping in the following cases at 1% PER point
· At Payload size 20:  gain at TDLC-300nsec and TDLC-1000 nsec
· At Payload size 30: 0.4dB gain for TDLC-300 and 0.67dB gain at TDL-C 1000nsec
· At Payload size 44: 0.6dB gain for TDLC-300 nsec

It should be noted, that 6RB bundled channel estimation has a higher complexity compared to 2RB bundled channel estimation. In spite of the increased complexity, there is a non-trivial performance loss in some channel models and payload sizes. As observed above, the main problem with option 2 is, for an aggregation level 1 decoding candidate, there is no frequency diversity possible. On the other hand, if time-first CCE to REG mapping is adopted, in frequency domain, each CCE may not have more than one REG bundles. Then it is inevitable to have a localized CCE to REG mapping in that case. We believe this is the only case that a localize CCE to REG mapping is used when we attempt to map NR-PDCCH non-contiguously in frequency domain. Based on the above observations we have the following proposal.
Proposal:  To support mapping NR-PDCCH non-contiguously in frequency domain
· When there are more than one REG bundles per CCE, distributed CCE to REG bundle mapping is used.
· When there is only one REG bundle available per CCE, localized CCE to REG bundle mapping is used and distributed NR-PDCCH to CCE mapping is used.
 
Conclusions
The following observations and conclusions have been made:
[bookmark: _GoBack]Observation 1: 2RB distributed mapping for CCE to REG, performs better than localized 6RB CCE to REG mapping across almost all of the payloads and channel models studied
Observation 2: 2RB distributed mapping for CCE to REG, has non-trivial gain compared to localized 6RB CCE to REG mapping in the following cases at 1% PER point
· At Payload size 20:  gain at TDLC-300nsec and TDLC-1000 nsec
· At Payload size 30: 0.4dB gain for TDLC-300 and 0.67dB gain at TDL-C 1000nsec
· At Payload size 44: 0.6dB gain for TDLC-300 nsec
Proposal:  To support mapping NR-PDCCH non-contiguously in frequency domain
· When there are more than one REG bundles per CCE, distributed CCE to REG bundle mapping is used.
· When there is only one REG bundle available per CCE, localized CCE to REG bundle mapping is used and distributed NR-PDCCH to CCE mapping is used.
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