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1	Introduction
The following agreements have been made for NR control resource set (CORESET) and control search space.
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.
Agreements:
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme
Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols
·  The c00onfiguration can indicate the starting OFDM symbol and time duration
· A CORESET is configured with only one CCE-to-REG mapping
Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.
· Monitoring periodicity
· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates
· FFS: relation with DRX
· FFS: default/fallback value
In this paper, we discuss remaining open issues for CORESET and search space (SS).
2	Time Duration for CORESET 
A CORESET is defined as a set of REGs under a given numerology. At least one CORESET is indicated by the MIB, so that when UE acquires the NR channel, it knows where to monitor for the control channels. A UE can be redirected to other CORESETs. To distinguish these CORESETs, we will denote the CORESET indicated by the MIB as common CORESET, and the other CORESETs as UE specific CORESETs.
[bookmark: p0]For each CORESET, a maximum time domain length in the unit of number of OFDM symbols under nominal numerology needs to be specified. The length is a trade-off between control overhead and control channel capacity. The maximum time duration of the CORESET also affects the DMRS design for PDSCH. The 1st symbol location for the DMRS will be after the maximum time duration of the CORESET. It is beneficial to have the 1st symbol of the DMRS earlier in the slot since 1) it allows earlier processing of channel estimation and following PDSCH demodulation and 2) it will provide less distance between the beginning of the slot and the DMRS, resulting in better PDSCH performance in HST condition with a proper DMRS design. On the other hand, control channel capacity would be limited when the carrier BW is not wide enough. Therefore, the working assumption was made to allow up to 3 OFDM symbol CORESET duration for the NR carrier with less than or equal to X PRBs and to allow up to 2 OFDM symbol CORESET duration for the NR carrier wider than X PRBs. The main question is what should be the value for X.
During LTE, VoIP support is used as one way to determine control channel capacity but eventually SPS is supported because of control overhead. Therefore, it is questionable whether VoIP can still be a driving factor for control channel capacity. Assuming FDD, the support of 3 simultaneous AL8 (1 DL grant, 1 UL grant and 1 common PDCCH) would be a reasonable target for the control. For TDD, this can be relaxed to the support of 2 simultaneous AL8 (1 DL or UL grant and 1 common PDCCH). 3 AL8 means we need 24 CCE and 2 AL8 means 16 CCE.
Assuming 10% guard band (pessimistic for NR), the total number of available CCEs with respect to the NR carrier bandwidth is shown in Table 1. X can be set as 72 RBs (= 12 CCEs) for FDD, resulting that 10 MHz NR carrier BW can achieve 24 CCEs with 3 symbol CORESET and 15 MHz NR carrier BW can achieve 24 CCEs with 2 symbol CORESET. Similarly X can be set as 48 RBs (= 8 CCEs) for TDD, resulting that 5 MHz NR carrier BW can be allowed up to 3 symbol CORESET and 10 MHz NR carrier BW can be allowed up to 2 symbol CORESET.
It should be noted that the NR with a higher SCS will even have larger control channel capacity due to a shorter TTI (slot) length. We may consider lowering CCE requirements for a slot for higher SCS.
Proposal 1: X = 72 RBs for FDD and X = 48 RBs for TDD with confirmation of the working assumption.
Table 1: Available number of CCEs
	NR Carrier BW
	No Subcarrier
	No RB
	CCE/sym
	Total CCE with 2 symbol CORESET
	Total CCE with 3 symbol CORESET

	5
	300
	25
	4
	8
	12

	10
	600
	50
	8
	16
	24

	15
	900
	75
	12
	24
	36

	20
	1200
	100
	16
	32
	48

	80
	4800
	400
	66
	132
	198

	160
	9600
	800
	133
	266
	399



Current working assumption is on the time duration of the CORESET. Therefore, it itself does not restrict the maximum duration of the DL control region in the slot. Given the maximum duration of the DL control region affects the location of the 1st DMRS symbol for PDSCH, it was agreed that, for downlink, the first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot (for a.k.a., slot-based scheduling). This agreement assumes that the CORESET(s) are confined within the first 2 or 3 symbols of the slot for slot-based scheduling. Therefore, for slot-based scheduling, it is proposed that the CORESET with the maximum allowed time duration start only from the beginning of the slot. In addition, it is proposed that any CORESET shall exist in time domain within the CORESET with the maximum allowed time duration.
Proposal 2: CORESET with the maximum allowed time duration starts only from the beginning of the slot for slot-based scheduling.
Proposal 3: Any CORESET for slot-based scheduling shall exist within the first 2 or 3 symbols corresponding to the CORESET with the maximum allowed time duration.
3	CORESET and Search Space
Within a CORESET, the control resource is defined in REG, CCE level, and search space can be further defined as a set of decoding candidates of different aggregation levels of CCEs. For common CORESET, it would be beneficial to allow both common search space (CSS) and UE specific search space (USS). For example, if the system bandwidth for a NR carrier is not very wide, we may not want to define multiple CORESETs and can use one single CORESET, which will be the common CORESET. Then at least in this case, we will need to support both CSS and USS in the same common CORESET.
On the other hand, when UE specific CORESET and multiple UEs are configured to monitor the same UE specific CORESET, it makes sense to support a common search space in the resource set to allow sending broadcast grants to this set of UEs. 
A UE can be configured to monitor one or more search spaces in one or more CORESETs. For USS, similar to LTE CA, it should be possible to configure the UE to monitor USS from multiple CORESET in one or more NR CC. However, for CSS, to save blind decoding complexity, there may not be need to monitor CSS from multiple CORESETs.
[bookmark: p1]Proposal 4: From gNB perspective, a CORESET configured by MIB supports common search space and UE specific search space.
Proposal 5: From gNB perspective, a CORESET configured by RRC can also support common search space and UE-specific search space.
Proposal 6: UE can be configured with one common search space and one or more UE specific search space in multiple CORESETs over one or more NR component carriers.
It was also agreed that multiple CORESETs can be overlapped in frequency and time for a UE. In order to avoid unnecessary complexity at UE, it is beneficial to set a certain limit for overlapping. Therefore, it is proposed to have maximum 2 overlapping CORESETs for a given UE.
Proposal 7: Maximum 2 overlapping CORESETs are allowed for a given UE.
3	Monitoring Periodicity
At least for a CORESET which is configured by UE-specific higher-layer signaling, the monitoring periodicity was agreed to be configured with details FFS.
For slot-based scheduling, slot level monitoring periodicity can be configured. For mini-slot based scheduling, the slot level monitoring periodicity can also be configured but multiple symbol level occasions within a slot should be configurable together.
Proposal 8: The monitoring periodicity of the CORESET configured by UE-specific higher-layer signalling, slot level periodicity is configurable. For mini-slot based scheduling, multiple symbol level occasions within a slot should be configurable together with monitoring periodicity.
4	Conclusions 
For CORESET and search space design, we have made the following proposals:
Proposal 1: X = 72 RBs for FDD and X = 48 RBs for TDD with confirmation of the working assumption.
Proposal 2: CORESET with the maximum allowed time duration starts only from the beginning of the slot for slot-based scheduling.
Proposal 3: Any CORESET for slot-based scheduling shall exist within the first 2 or 3 symbols corresponding to the CORESET with the maximum allowed time duration.
Proposal 4: From gNB perspective, a CORESET configured by MIB supports common search space and UE specific search space.
Proposal 5: From gNB perspective, a CORESET configured by RRC can also support common search space and UE-specific search space.
Proposal 6: UE can be configured with one common search space and one or more UE specific search space in multiple CORESETs over one or more NR component carriers.
Proposal 7: Maximum 2 overlapping CORESETs are allowed for a given UE.
Proposal 8: The monitoring periodicity of the CORESET configured by UE-specific higher-layer signalling, slot level periodicity is configurable. For mini-slot based scheduling, multiple symbol level occasions within a slot should be configurable together with monitoring periodicity.
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