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1 Introduction
The following were agreed in previous RAN1 meetings with respect to search space and CORESET configurations [1].
Agreements:

· CORESET ID of the CORESET configured by PBCH is 0.

· Search space ID of the search space configured by PBCH is 0.

Agreements:

· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:

· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)

· The search space can be associated with any CORESET configuration

· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH

· Search space ID (range: 0-39)

· When the search space ID is UE-specifically configured to be 0, it is mapped to the one  configured by PBCH

Agreements:

· DCI format 0_1 and 1_1 are monitored only in USS.

· DCI format 0_0 and 1_0 are monitored in CSS.

· DCI format 0_0 and 1_0 can be monitored in USS.

· They have the same DCI payload size.

· One of the following is configured by RRC signaling for the USS:

· Monitoring DCI format 0_1 and 1_1 only

· Monitoring DCI format 0_0 and 1_0 only

Working assumption:

· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell

· FFS: cross-carrier scheduling

· FFS: wideband RS

· FFS: overbooking and/or nested structure

· FFS: exceptional case of CCE counting

· FFS: for case 2

Agreements:

· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:

· Which DCI format(s) to monitor

· For a CSS,

· DCI format 0_0 and DCI format 1_0

· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI

· DCI format 2_0

· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration

· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value

· DCI format 2_1

· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration

· DCI format 2_2

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI

· DCI format 2_3

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI

· Monitoring of multiple DCI formats can be configured for one CSS

· For USS,

· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 

· Monitoring of multiple DCI formats can be configured for one USS
This contribution continues discussions on CORESET configuration and search space design aspects. 

2 On CORESET configuration and search space design
2.1 Discussions on channel estimation capability
At least for slot-based scheduling, the maximum number of channel estimations is restricted under 48 CCEs per slot. Depending on the search space configuration, the number of channel estimations to be performed at UE side can exceed this maximum channel estimation capability. This issue, a.k.a. overbooking, can be resolved by the gNB implementation. The gNB can configure PDCCH-related parameters to the UE not to exceed the maximum channel estimation capability in various ways by adjusting CORESET size, the number of PDCCH candidates, and monitoring periodicity for a DCI format. As NR provides substantial enhancements in allocating the PDCCH decoding operations to a UE compared to LTE and as a CCE size is larger than in LTE, 48 CCEs per slot are sufficient even for fully non-overlapping PDCCH candidates. Examples for gNB implementation include:

a) Configuring more/less PDCCH candidates with small/large CCE aggregation levels to a UE experiencing large SINR and configuring more/less PDCCH with large/small CCE aggregation levels to a UE experiencing low SINR.

b)  Configuring a larger monitoring periodicity and more PDCCH candidates with larger CCE aggregation levels for fallback DCI formats than for non-fallback DCI formats. 

c) Controlling the CORESET size to achieve natural ‘nesting’. For example, for a CORESET size of 48 RBs (about 10 MHz) over 2 symbols, natural ‘nesting’ is achieved for 2 PDCCH candidates with aggregation level of 8 CCEs. The number of channel estimations is the one corresponding to 16 CCEs and the maximum number of 3 CORESETs can be seamlessly supported. 
Proposal 1: Overbooking issue is handled by gNB implementation.
The following TP summarizes the proposal:
======================== Begin of Text Proposal for Section 10.1 in TS38.213 ========================

A UE is not expected to be configured search spaces sets where candidate PDCCH receptions are over a number of CCEs that is larger than the value of UE-ChannelEstimation-Capability.
======================== End of Text Proposal for Section 10.1 in TS38.213 =========================
2.2 Corrections on RRC parameters

Table 1 was approved by RAN1 for the LS to RAN2 [2] and provides the RRC parameters configured per UE, per cell, or per BWP. CORESET and search space configurations are per cell. 
Table 1. RRC parameters
	PDCCH-Config

	RAN2 parameter name
	RAN1 parameter name
	Guidance

	controlResourceSetToAddModList
	CORESET
	Per Cell (but association with each configured BWP is needed)

	searchSpacesToAddModList
	search-space-config
	Per Cell (but association with each configured BWP is needed)


However, CORESET/search space configurations are UE-specific parameters.

	RAN1#91 Agreements:

· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration

· CORESET is removed from the search space configuration

· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]

· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]


Therefore, for the RRC parameters, CORESET/search space configurations should be corrected to per UE.

Proposal 2: The following RRC parameters are per UE and not per cell.

- controlResourceSetToAddModList
- searchSpacesToAddModList
- downlinkPreemption
2.3 Corrections on search space parameters
The number of candidates for AL=16 is not specified. One candidate for AL=16 can be supported (when the configured RMSI CORESET contains more than 96 RBs).
Proposal 3: For Type0/Type0A/Type2-PDCCH CSS, the number of PDCCH candidates for AL= 16 is 1.
The following TP summarizes the proposal:
======================== Begin of Text Proposal for Section 10.1 in TS38.213 ========================
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space

	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1


======================== End of Text Proposal for Section 10.1 in TS38.213 =========================

The search space hashing function of is given by 
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Based on the agreement, monitoring of multiple DCI formats can be configured for one USS. In the current version of TS 38.213 [3], 
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 is defined as a PDCCH monitoring periodicity for search space set s in the CORESET p, however, definition of 
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. If fallback DCI ( DCI format 0_0/1_0) and non-fallback DCI (DCI format 0_1/1_1) are monitored in the USS in the same CORESET with different periodicities, randomization of the USS in the time-domain is needed. A first alternative is for the USS to be randomized based on the minimum monitoring periodicity among the search space sets. For example, if fallback DCI is monitored in every 4 slots and non-fallback DCI is monitored in every slot, the USS can be randomized in every slot. A second alternative is to use a reference time index for the randomization such as the slot number or the subframe number where the CORESET is monitored. To achieve more robust randomization property among different UEs, the first alternative is preferred.
Proposal 4: USS is randomized based on the minimum monitoring periodicity among all configured search space sets.
The following TP summarizes our proposal:
======================== Begin of Text Proposal for Section 10.1 in TS38.213 ========================

for a UE-specific search space, 
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for all corresponding DCI formats over all configured search space sets s.
======================== End of Text Proposal for Section 10.1 in TS38.213 =========================
Based on the agreement, monitoring of multiple DCI formats can be configured for one CSS. TS 38.213 describes that 
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 for any common search space. This can be applicable for CORESET 0 since the number of PDCCH candidates is pre-defined before initial access. After RRC connection, the UE will be configured DL BWPs and each configured DL BWP may include CSS [4]. For each DCI format to be monitored in the CSS, search space sets are also configured by RRC. The number of PDCCH candidates can be different among the search space sets for different DCI formats. For example, DCI format 2_0 (SFI-RNTI) can have either 1 or 2 PDCCH candidates and DCI format 2_1 (INT-RNTI) can have 4 PDCCH candidates and both DCI formats can be monitored in the same CORESET. In this case, 
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 should be 4 which is the maximum PDCCH candidates among DCI format 2_0 and DCI format 2_1.
Proposal 5: For CSS in CORESET p(≠0), 
[image: image11.wmf])

(

max

,

L

p

M

 is defined as the maximum number of PDCCH candidates for all corresponding DCI formats for a CCE aggregation level L.
The following TP summarizes our proposal:
======================== Begin of Text Proposal for Section 10.1 in TS38.213 ========================

for any common search space,
· if p = 0, 
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· otherwise, 
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 is the maximum number of PDCCH candidates for all corresponding DCI formats for a CCE aggregation level L in control resource set p
======================== End of Text Proposal for Section 10.1 in TS38.213 =========================
3 Conclusion

This contribution discussed remaining issues on CORESET configuration and search space design. Following proposals were made as below:
Proposal 1: Overbooking issue is handled by gNB implementation.
Proposal 2: The following RRC parameters are per UE and not per cell.

- controlResourceSetToAddModList
- searchSpacesToAddModList
- downlinkPreemption
Proposal 3: For Type0/Type0A/Type2-PDCCH CSS, the number of PDCCH candidates for AL= 16 is 1.
Proposal 4: USS is randomized based on the minimum monitoring periodicity among all configured search space sets.
Proposal 5: For CSS in CORESET p(≠0), 
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 is defined as the maximum number of PDCCH candidates for all corresponding DCI formats for a CCE aggregation level L.
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