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Introduction
This contribution shows our view on search space.
Discussion
The support of the search space related to interleaving
UE specific CORESET should support both interleaved and non-interleaved mapping. 
Group common CORESET supports only interleaved mapping could be possibility as CSI feedback is not available for group/cell common channels.

Search space design
In order to support interleaved mapping and non-interleaved mapping without additional complexity, logical mapping of PDCCH to CCE# should be common. The logical mapping design based on non-interleaved mapping can be applied to interleaved mapping as non-interleaved mapping has constraint of the mapping scheme. In physical mapping, interleaved mapping and non-interleaved mapping can be different CCE to REG mapping. In non-interleaved mapping, REGs for a CCE is located on localized and in interleaved mapping, REGs for a CCE is located on distributed manner.
In time first mapping without interleaving, the PDCCH candidate with aggregation level N can be formed as consecutive N CCEs. In non-interleaved mapping, CCE# order is aligned with physical PRB# order to have frequency scheduling gain based on CSI feedback as shown in Figure 1. 
In interleaved mapping, REGs form a CCE are interleaved in physical domain depending on symbol#. Then CCE# order is not aligned with physical PRB# order to have frequency diversity gain. 
Non-interleaved transmission is possible only when UE's feedback is available and it is expected to be rather better SINR condition. Interleaved transmission is required regardless of UE feedback. Therefore, depending on the whether CORESET design is interleaving or non-interleaving, the operating aggregation levels could be differentiated. In interleaved CORESET, the higher aggregation levels for lower SINR are supported and in non-interleaved CORESET, lower aggregation levels for higher SINR are supported. Such differentiation can utilize the limited number of blind decoding trials. Then it can reduce the complexity and power consumption of UE. 
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[bookmark: _Ref485373044]Figure 1 non interleaved mapping

Proposal 1: In order to support interleaved mapping and non-interleaved mapping without additional complexity, logical mapping of PDCCH to CCE# should be common.
Proposal 2: The supported aggregation levels should be differentiated between interleaved CORESET and non-interleaved CORESET by RRC configuration. In interleaved CORESET, the higher aggregation levels for lower SINR are operated and in non-interleaved CORESET, lower aggregation levels for higher SINR are operated.

Reduction of channel estimation complexity
The reduction of channel estimation complexity using tree like structure should be supported. This is shown in Figure 2. In Figure 2, time first mapping is explained. To reduce channel estimation efforts, search spaces of higher ALs (AL8 and AL4 in the figure) are located on same CCE#. However for lower ALs, to reduce blocking probability and to have enough frequency scheduling gain for localized allocation should be considered. In lower ALs, the number of PRBs of channel estimation is not so many. Therefore, some search space of lower ALs is located on different CCE# from maximum ALs would be suitable. The search spaces of lower ALs can be determined by RNTI. More overlapping of the channel estimation can reduce the complexity but more non-overlapping can reduce the blocking probability. Therefore, the amount of the overlap should be configurable by RRC.
Proposal 3: Search spaces of higher ALs are located on same CCE#. On the other hand, some search space of lower ALs should be located on different CCE# from maximum ALs. The amount of overlap (= usage of same CCE#) should be configurable by RRC.
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[bookmark: _Ref485373914]Figure 2  logical CCE#

Required aggregation level
We evaluated required SNR at BLER 1% with different aggregation levels shown in Table 1 for 4 GHz operation. Simulation assumptions and detailed simulation results are shown in Appendix. In the result, AL = 8 and AL = 16 with 60 or 70 bit DCI could not cover cell edge. We assume that SNR in cell edge is around -6 dB according to the system-level results for SINR distribution provided by Phase 1 NR MIMO SLS calibration shown in Figure 6[1]. Therefore, considering that AL 32 has 3 dB gain from AL 16, at least AL up to 32 should be supported. On the other hand, what aggregation size is used for each UE is RRC configuration. For 72 bit size or more DCI size, AL 32 might be not sufficient but cell edge does not use such large DCI may be one possibility.
Proposal 4: At least aggregation level up to 32 should be supported for sub 6 GHz operation. For above 6GHz, FFS but can start from the same number of aggregation levels. What aggregation level is supported for what DCI size should be configurable by RRC.

[bookmark: _Ref489978877]Table 1 Required SNR [dB] with different aggregation levels
	Delay Spread
	30ns
	300ns
	1000ns

	DCI size
	20 bit
	60 bit
	72 bit
	20 bit
	60 bit
	72 bit
	20 bit
	60 bit
	72 bit

	AL=4
	-1.1
	1.8
	2.4
	-2.5
	0.3
	0.9
	-2.3
	0.7
	1.2

	AL=8
	-3.2
	-0.6
	-0.2
	-4.9
	-2.2
	-1.7
	-4.5
	-2.1
	-1.4

	AL=16
	-5.1
	-2.7
	-2.2
	-6.8
	-4.4
	-4.0
	-6.6
	-4.3
	-3.7



Conclusion
We discussed configuration of CORESET and search space design. We propose follows
Proposal 1: In order to support interleaved mapping and non-interleaved mapping without additional complexity, logical mapping of PDCCH to CCE# should be common.
Proposal 2: The supported aggregation levels should be differentiated between interleaved CORESET and non-interleaved CORESET by RRC configuration. In interleaved CORESET, the higher aggregation levels for lower SINR are operated and in non-interleaved CORESET, lower aggregation levels for higher SINR are operated.
Proposal 3: Search spaces of higher ALs are located on same CCE#. On the other hand, some search space of lower ALs should be located on different CCE# from maximum ALs. The amount of overlap (= usage of same CCE#) should be configurable by RRC.
Proposal 4: At least aggregation level up to 32 should be supported for sub 6 GHz operation. For above 6GHz, FFS but can start from the same number of aggregation levels. What aggregation level is supported for what DCI size should be configurable by RRC.
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Appendix
[bookmark: _Ref489456484]Table 2 Simulation Assumptions
	Parameter
	Value

	carrier frequency
	4 GHz,

	Channel model
	TDL-C

	Delay spread
	(30,300,1000)ns

	UE speed
	UE speed 3 km/h

	Antenna configuration
	2Tx  and 2Rx

	System Bandwidth
	20MHz

	DMRS density
	1/3

	REG bundling size
	2

	Channel estimation
	MMSE based

	Number of OFDM symbols for PDCCH
	1

	Subcarrier spacing
	15 kHz

	DCI size
	20, 60 or 72 bits + 16 bit CRC

	CCE size
	6 REGs

	Channel coding
	TBCC

	Aggregation levels
	4, 8, 16

	Transmission scheme
	1-port Precoder cycling

	REG mapping
	interleaving
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Figure 3 LLS curve for 20 bit DCI
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Figure 4 LLS curve for 60 bit DCI
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Figure 5 LLS curve for 72 bit DCI
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[bookmark: _Ref489980111]Figure 6 system-level results for SINR distribution by Phase 1 NR MIMO SLS calibration [1]
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