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Introduction
In NR, it is assumed that UE can be configured both of common CORESET and UE specific CORESET and there are still some open issues on common/UE-specific CORESET configuration and blind decoding designs.
 In this contribution, we provide our considerations on the following aspects.
· CORESET configurations
· Association between CORESET and search space
· Monitoring periodicity
· Number of blind decoding 
CORESET configurations
Association between CORESET and search space
In NR, a given search space is defined as a set of PDCCH candidates at each aggregation level. It was agreed that a single CORESET should be capable of supporting multiple search spaces. 
System information configures CORESET for common search space, which is used to schedule the PDSCH carrying e.g.  RMSI or ‘broadcast OSI/paging’. It is still under discussion, whether the same or different CORESET is used for ‘broadcast OSI/paging’ and RMSI.  When CORESET for ‘broadcast OSI/paging’ is the same with the subset of CORESET for RMSI only little additional signalling is needed. However, this configuration increases the load in CORESET and thus also bigger CORESETs in terms of CCEs are needed. If CORESET for ‘broadcast OSI/Paging’ is different than the one configured for CORESET for RMSI, they can have more flexible frequency resource and time durations, but additional CORESET configuration should be signalled for RMSI.
There is not UE-specific CORESETs during random access procedure, but configuration is done in later phase by RRC-signalling. Thus the PDCCHs for scheduling of Msg-2, Msg-3 retransmissions and Msg-4 should be transmitted also using CORESET for common search space. So CORESET(s) at least contains common search spaces for RMSI/ broadcast OSI/Paging/Msg-2/Msg-3 and retransmissions/Msg-4.
Observation 1. CORESET(s) for common search spaces of scheduling RMSI/ broadcast OSI/Paging and Msg-2/Msg-3 retransmissions/Msg-4 in RACH procedure is (are) configured by system information.
UE-specific RRC-signalling configures CORESET(s) having UE-specific search spaces and used to schedule the PDSCH/PUSCH carrying the UE-specific data, including frequency resource information, time resource information (i.e. starting OFDM symbol and time duration), monitoring periodicity and offset.
Observation 2. CORESET(s) for UE-specific search spaces of scheduling UE-specific data is (are) configured by UE-specific signalling.
gNB can configure UE to monitor slot format indication through group-common PDCCH, whose CORESET may also be configured by UE-specific RRC, but could be shared by a group of UEs. A similar case is pre-emption indication carried by group common DCI, whose CORESET may be configured by UE-specific search space and shared by other UEs as well. These are called group search space.
[bookmark: _GoBack]It was agreed that group common PDCCH for SFI and the group common DCI for DL preemption indication can be within the same or different CORESET. But in our views, independent CORESETs can be configured for group common DCI carries the PI and group common PDCCH for SFI, respectively, as group common DCI size and monitoring occasions may be different from group common SFI from UE’s perspective. For example, the group common DCI can be transmitted at mini-slot level to promptly provide pre-emption information, while group common PDCCH for SFI can be transmitted every X slots, where X could be larger than 1.
Observation 3. CORESET(s) for group search spaces of group-common PDCCH/DCI is (are) configured by UE-specific signalling.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Monitoring periodicity for CORESET
In NR Adhoc #3, there was a discussion whether the PDCCH monitoring periodicity is defined per DCI or per search space, given that CORESET can have multiple search spaces and multiple DCI mapping [1]. 
Agreements:
· In a given CORESET
· Alt 1: different DCI formats
· Alt 2: different search spaces
      can have different monitoring periodicities.
· FFS which one
Following table shows these scheduling information need to be monitored periodically, and dependency for its monitoring periodicity.
Table 1 Monitoring periodicity 
	
	Need or not to be monitored periodically
	Typical values for monitoring periodically
	Configuration 

	RMSI
	Yes
	multiple times of 5ms
	Indicated by NR-MIB

	broadcast OSI
	Yes
	multiple times of 5ms, may be larger than RMSI
	Configured by RMSI

	Paging
	Yes
	depended on PF and PO
	depended on PF and PO

	Msg-2, Msg-3 
retransmission and Msg-4
	No
	-
	Depended on the timing of former Msg

	CORESET for scheduling 
information of UE-specific data
	Yes
	Multiple times of  1 slot for slot-based schedule 
Multiple times of 1 symbol for non-slot-based schedule
	Configured by UE-specific RRC

	group-common PDCCH with SFI
	Yes
	One or multiple times of 1 slot
	Configured by UE-specific RRC

	group common DCI with PI
	Yes
	1 slot or mini-slot
	Configured by UE-specific RRC



Considering the number of blind decoding attempts for PDCCH monitoring, we prefer to minimize the sizes of DCI formats supported by RMSI, broadcast OSI, and paging. In this sense, the same payload size of DCI carrying RMSI, broadcast OSI, and paging is desired, but their monitoring periodicities may be different. Thus, DCI cannot used as baseline for monitoring periodicity, and it is proposed that at a given common CORESET, different search spaces can have different monitoring periodicities.
Proposal 1. A given common CORESET, support different search spaces with different monitoring periodicities.
Number of blind decoding
As in LTE, blind decoding number is defined separately for common search space and UE-specific search space, especially common search space blind decoding number is fixed and does not change with the number of CCs, but UE-specific search space will be times of the number of aggregated carriers. It is also reasonable to adopt this assignment method for blind decoding number for common search space and UE-specific search space in NR.
The maximum blind decoding number for common and UE-specific search space
In previous meeting, the maximum number of PDCCH blind decodes per slot per carrier is proposed when only CORESET(s) for slot-based scheduling is configured for UE.
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X
 
In case when only CORESET(s) for slot-based scheduling is configured for UE, if the maximum number of PDCCH blind decodes per slot per carrier is X, the maximum blind decodes number for common search space would be X1 and UE-specific would be X2. It should be satisfied that X=X1+X2, and X1 and X2 should be fixed and specified in the specification.
Proposal 2. Maximum blind decodes number for common search space would be X1 and UE-specific would be X2. It should be satisfied that X=X1+X2. X1 and X2 should be fixed and specified in the specification.
More than one CORESETs configured
It was agreed that the max number of blind decoding is defined independently of the number of CORESETs.
Agreements‎:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.
If more than one CORESET for slot-based scheduling are configured for UE-specific search space or common search space, or group search space, it is desired to discuss the candidate splitting between/among different CORESETs. There are two options to establish candidate splitting.
Option 1: Similar with EPDCCH in LTE, the splitting is defined in the specification, based on the number of frequency resource and REG-CCE-mapping pattern etc.
Option 2: Set a candidate splitting rules, such as related to the CCE numbers in every CORESET
Option 3: Higher layer signalling indicates candidate splitting [2].
However, Option 1 may not be suitable for NR PDCCH due to the flexibility of CORESET configuration including time duration, REG bundle size, transmission type etc. Option 3 would need a lot of configuration information for every aggregation level and every CORESET. Option 2 can be a general methods for every configurations.
Proposal 3. [bookmark: OLE_LINK21]When more than one CORESETs configured for UE-specific search space, common search space or group search space, the following options should be considered.
· Option 1: Similar with EPDCCH in LTE, the splitting is defined in the specification, based on the number of frequency resource and REG-CCE-mapping pattern etc.
· Option 2: Set a candidate splitting rules, such as related to the CCE numbers in every CORESET
· Option 3: Higher layer signalling indicates candidate splitting.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Observation 1. CORESET(s) for common search spaces of scheduling RMSI/ broadcast OSI/Paging and Msg-2/Msg-3 retransmissions/Msg-4 in RACH procedure is (are) configured by system information.
Observation 2. CORESET(s) for UE-specific search spaces of scheduling UE-specific data is (are) configured by UE-specific signalling.
Observation 3. CORESET(s) for group search spaces of group-common PDCCH/DCI is (are) configured by UE-specific signalling.
Proposal 1. A given common CORESET, different search spaces can have different monitoring periodicities.
Proposal 2. Maximum blind decodes number for common search space would be X1 and UE-specific would be X2. It should be satisfied X=X1+X2. X1 and X2 should be fixed and specified in the specification.
Proposal 3. When more than one CORESETs configured for UE-specific search space, common search space or group search space, the following options should be considered.
· Option 1: Similar with EPDCCH in LTE, the splitting is defined in the specification, based on the number of frequency resource and REG-CCE-mapping pattern etc.
· Option 2: Set a candidate splitting rules, such as related to the CCE numbers in every CORESET
· Option 3: Higher layer signalling indicates candidate splitting.
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