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1. Introduction

In RAN1 #91 held in Jan 2017, the following agreements have been made on the aggregation levels for RMSI CORESET [1], 
Agreements:

· NR supports RMSI PDCCH aggregation levels of 4 CCEs, 8 CCEs, 16 CCEs.
There are also some agreements about the numerology combinations of SS/PBSH and RMSI CORESET [1], 
Agreements:

· For RMSI CORESET configuration, support the following combinations of different numerologies for SS/PBCH blocks and the RMSI CORESETs in different time instances:

· {SSB SCS, RMSI SCS} = {{15, 30}, {30, 15}, {120, 60}, {240, 60}, {240, 120}} kHz

And there are also some working assumptions about the definition for the multiplexing pattern tables SS/PBCH SCS and RMSI CORESET SCS.

In the current spec TS 38.213, section 10.1, the candidates number of different aggregation level for Type0-PDCCH common search space are defined as following in table 10.1-1 [2],
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X


In this contribution, we will discuss the design of candidates number for different aggregation levels for Type0-PDCCH common search space considering the RMSI CORESET resource.
2. Design of search space for RMSI CORESET
In LTE, there is only one control region within the starting several symbols and the whole system bandwidth. The common search space used to convey SIB1, RAR, paging and other group signaling occupies the fixed 16 CCE in PDCCH. And the candidates number is four for aggregation level 4 and two for aggregation level 8 in common search space. 
In NR, 4 bits in PBCH can indicate the RMSI CORESET resource for different numerology combinations of SS/PBSH and RMSI CORESET, which contains the CORESET PRB, the number of symbols of CORESET and the frequency offset in PRB of RMSI CORESET numerology. The size of RMSI CORESET ranges from a minimum 24 RBs*2 symbols CORESET, to a maximum 96 RBs*3 symbols CORESET. In the current spec TS 38.213, the number of candidates per CCE aggregation level for Type0-PDCCH common search space are fixed values which is four for aggregation level 4, two for aggregation level 8 and X for aggregation level 16. 

Considering the flexible resource of RMSI CORESET and the blind decoding overhead of UE, the fixed candidates number of different aggregation levels like LTE is not appropriate in NR, for example, a 24RBs*2symbols CORESET is not available for two aggregation level 8 candidates. The aggregation levels and the candidates number should also be flexible as well to adapt to the RMSI CORESET resource. 
The principles of aggregation levels and candidates number design according to RMSI CORESET resource can be as the following:

1) The total CCE of a aggregation level cannot exceed the maximum resource of RMSI CORESET. For example, if the RMSI CORESET size is small which only contains 48 or 72 PRB, the aggregation level 16 can not be used, and the candidates number of aggregation level 4 will only be two or three. 

2) The number of candidates of different aggregation levels should consider the blind decoding complexity of UE. For example, when the RMSI CORESET size is large such as 96*2 or 96*3 PRB, the candidate number of aggregation level 16 can be two. Because the Type0A-PDCCH common search space and Type2-PDCCH common space share the same CORESET with Type0-PDCCH common search space, the two candidates of aggregation level 16 can convey two different common search space information simultaneously. In addition, considering to reduce the blind decoding overhead of UE, if the candidates number of aggregation level 16 is two, number of candidates for other ALs, such as AL=4, need be reduced as well. It is propose to reduce the candidates of AL =4 to allow for candidates of AL=16, which is because the AL=16 is used to improve PDCCH coverage and the aggregation level 4 will be rarely used in this coverage scenario.

Considering the design principle, we propose the following table of candidates number of different aggregation levels in RMSI CORESET according to the PRB resources, to realize the trade-off between flexible resource and blind decoding overhead. The corresponding text proposal is provided in the Appendix. 
Proposal: For blind decoding of Type0-PDCCH common search space, design different number of candidates for AL=4,8,16 for different CORESET resources as shown in Table 1. 
Table 1 Number of candidates of different aggregation levels in RMSI CORESET
	CORESET BW in PRB
	Number of Symbols for CORESET
	Number of Candidates for aggregation level 4
	Number of Candidates for aggregation level 8
	Number of Candidates for aggregation level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2


3. Conclusion 
In this contribution, we discuss the blind decoding of PDCCH for RMSI, and propose: 
Proposal: For blind decoding of Type0-PDCCH common search space, design different number of candidates for AL=4,8,16 for different CORESET resources as shown in Table 1. 
Table 1 Number of candidates of different aggregation levels in RMSI CORESET
	CORESET BW in PRB
	Number of Symbols for CORESET
	Number of Candidates for aggregation level 4
	Number of Candidates for aggregation level 8
	Number of Candidates for aggregation level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2


Appendix
<Start of text proposal>
TS38.213
10.1
UE procedure for determining physical downlink control channel assignment 

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;

-
a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;

-
a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and

-
a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).

A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 14. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of candidates per CCE aggregation level given in Table 10.1-1. Table 13-13.
….
<unrelated part omitted>
….
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space

	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X


….
<unrelated part omitted>
….
13
UE procedure for monitoring Type0-PDCCH common search space 
A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where 
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 are the SFN and slot of the control resource set and 
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 are the SFN and slot of the SS/PBCH block, respectively. The CCE aggregation levels and the number of candidates per CCE aggregation level for Type0-PDCCH common search space is given in Table 13-13 according to the four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8.
The offset in Tables 13-1 through 13-8 is defined with respect to the subcarrier spacing of the control resource set and is the difference between the smallest RB index of the SS/PBCH block and the smallest RB index of the control resource set for Type0-PDCCH common search space. Condition A or condition B in Tables 13-1 through 13-8 corresponds to the case of PRG [6, TS 38.214] alignment or non-alignment, respectively, between SS/PBCH block RBs and RBs of the control resource set for Type0-PDCCH common search space. 

For a first SS/PBCH block and control resource set (CORESET) multiplexing pattern, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots 
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<unrelated part omitted>
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Table 13-13: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space
	Number of RBs 
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	Number of Candidates for CCE Aggregation Level 4
	Number of Candidates for CCE Aggregation Level 8
	Number of Candidates for CCE Aggregation Level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2


<End of text proposal>
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