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1. Introduction
The misalignment issue of CORESET and CSS configurations between PBCH and RRC signaling was raised in [1] and discussed in a joint section of previous meeting [2]. After a fruitful discussion, the following agreements for PDCCH have been achieved: 
	Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

Agreements:
· The size of DCI 1_1 is the same (by zero-padding when necessary) across CORESETs of a BWP of a serving cell 

Agreements:
· For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following possibilities:
· Up to 4 clusters, each cluster consisting of contiguous RBs.
· It is clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and WB RS CORESET, which implies following:
· The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of the sets of CCEs for PDCCH candidates to be monitored and hence BW of the WB RS CORESET is not restricted by CCE limit for channel estimation.
· Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the maximum number of contiguous RBs within the WB RS CORESET



In this contribution, we discuss some remaining issues of PDCCH CORESET, including the remaining FFS part of the abovementioned agreements.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
2.1 Clarification of CORESET and CSS provision
According to the current specification, if a UE is configured with one or more downlink bandwidth parts (BWPs), the UE can be configured with PDCCH-ConfigCommon and PDCCH-Config for each configured DL BWP on the primary cell, other than the initial active DL BWP [3]. In each BWP, the CSS with the associated CORESET should be provided to the UE. During email discussion, it seems that companies have different understanding on how the provision could be done:
· Alt.1: the Type-0/0A/1/2 CSS is configured by PDCCH-ConfigCommon for each BWP.
· Alt.2: the Type-0/0A/1/2 CSS is configured by PDCCH-Config for each BWP other than initial DL BWP. 
Given that PDCCH-ConfigCommon can be configured for each DL BWP other than the initial active DL BWP, as specified in 38.213, it seems natural to use the PDCCH-ConfigCommon for CSS and CORESET provision, i.e. Alt.1. However, it is no aligned with the current RRC signaling description [4] from the following two aspects:
1. The current RRC signaling only allow the CORESET #0 and #1 to be configured by PDCCH-ConfigCommon.
2. The current RRC signaling only allow such provision during handover and (P)SCell addition (i.e. not for PCell).
Thus, at least the RRC signaling description should be updated if Alt.1 is accepted.

-- ASN1START
-- TAG-PDCCH-CONFIGCOMMON-START

[bookmark: _Hlk506396559]PDCCH-ConfigCommon ::=				SEQUENCE {
	commonControlResourcesSets			SEQUENCE (SIZE(1..2)) OF ControlResourceSet				OPTIONAL, 	-- Need R
	commonSearchSpaces					SEQUENCE (SIZE(1..4)) OF SearchSpace					OPTIONAL,	-- Need R
	searchSpaceSIB1						SearchSpaceId											OPTIONAL,	-- Need R
	searchSpaceOtherSystemInformation	SearchSpaceId											OPTIONAL,	-- Need R
	pagingSearchSpace					SearchSpaceId											OPTIONAL, 	-- Need R
	ra-SearchSpace						SearchSpaceId											OPTIONAL, 	-- Need R
	...
}

-- TAG-PDCCH-CONFIGCOMMON-STOP
-- ASN1STOP
	PDCCH-ConfigCommon field descriptions

	commonControlResourcesSets
A list of common control resource sets. Only CORESETs with ControlResourceSetId = 0 or 1 are allowed. The CORESET#0 corresponds to the CORESET configured in MIB (see pdcch-ConfigSIB1) and is used to provide that information to the UE by dedicated signalling during handover and (P)SCell addition. The CORESET#1 may be configured and used for RAR (see ra-SearchSpace).



On the other hand, if we go with the Alt.2 understanding, we should apply PDCCH-Config for Type-0/0A/1/2 CSS and CORESET provision. However, there are some other problems on Alt.2.
Firstly, this is not aligned with the specification of 38.213 [3], where Type-0/0A/1/2 CSS is configured by PDCCH-ConfigCommon, while Type-3 is configured in PDCCH-Config (by setting searchSpaceType = common). Enabling Type-3 CSS for SI-RNTI, P-RNTI, and RA-RNTI monitoring contradicts the design intention of Type-3 CSS, which is a group common search space available only for connected mode UE.

	A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpace-SIB1 in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type0A-PDCCH common search space set configured by searchSpace-OSI in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type1-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon 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 set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-	a Type3-PDCCH common search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats 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), or SP-CSI-RNTI; and



Secondly, at least according to the current RRC signaling, the searchSpaceType can only indicate the monitored DCI format (1-0) without specific RNTI. It implies that once a CSS is configured by PDCCH-Config with DCI 1-0 enabled, the UE should monitor all the CSS RNTIs (e.g. for Type-0/0A/1/2) in that particular CSS. This is not aligned with the design intention of initial access section where different search space monitoring configurations can be provided for monitoring different broadcast RNTIs. In order to resolve this issue, the RRC signaling (i.e. the searchspace IE or the PDCCH-Config IE) should be changed to specify the target type of CSS or RNTI.

	searchSpaceType							CHOICE {
		common									SEQUENCE {
			dci-Format0-0-AndFormat1-0				SEQUENCE {
				...
			}																		OPTIONAL,	-- Need R
			dci-Format2-0							SEQUENCE {
				nrofCandidates-SFI						SEQUENCE {
					aggregationLevel1						ENUMERATED {n1, n2}		OPTIONAL,	-- Need R
					aggregationLevel2						ENUMERATED {n1, n2}		OPTIONAL,	-- Need R
					aggregationLevel4						ENUMERATED {n1, n2}		OPTIONAL,	-- Need R
					aggregationLevel8						ENUMERATED {n1, n2}		OPTIONAL,	-- Need R
					aggregationLevel16						ENUMERATED {n1, n2}		OPTIONAL	-- Need R
				},
				...
			}																		OPTIONAL,	-- Need R
			dci-Format2-1							SEQUENCE {
				...
			}																		OPTIONAL,	-- Need R
			dci-Format2-2							SEQUENCE {
				...
			}																		OPTIONAL,	-- Need R
			dci-Format2-3							SEQUENCE {
				monitoringPeriodicity					ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }					OPTIONAL, 	-- Cond Setup
				nrofPDCCH-Candidates					ENUMERATED {n1, n2},
				...
			}																		OPTIONAL	-- Need R
		},
		ue-Specific								SEQUENCE {
			dci-Formats								ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
			... 
		}
	}																					OPTIONAL	-- Cond Setup

Therefore, it seems that this is a misalignment issue between RAN1 and RAN2 specifications, which should be resolved. RRC signaling needs to be updated no matter Alt.1 or Alt.2 is accepted as the RAN1 common understanding. It seems that Alt.1 has less impact to both RAN1 and RAN2 specification compared with Alt.2; therefore, we have a slight preference on Alt.1.
[bookmark: _Ref513739145]Proposal 1: It should be clarified that the Type-0/0A/1/2 CSS is configured by PDCCH-ConfigCommon for each BWP.
[bookmark: _Ref513739147]Proposal 2: Send LS to RAN2 to inform RAN1’s decision on this issue and update the RRC signaling accordingly.

2.2 SSB and TCI selection for CORESET
The CORESET #0 is a beam-sweeping CORESET. It differs from other dedicated CORESETs in the way that it has multiple monitoring occasions and CORESET TCI states that associated to different SSB. The actual applied monitoring occasion and CORESET TCI state are determined by the UE during SSB selection. 
For UEs before RRC connection, UE always assumes the CORESET #0 to be QCLed with the detected SSB, and during idle mode mobility, the UE switches the CORESET #0 and search space #0 with the associated “best SSB”.
For connected mode UE, the network should be aware of the SSB and TCI selected by the UE for PDCCH monitoring. The UE behavior in the following scenarios should be specified in order to maintain the same understanding on SSB and TCI selection
Scenario 1: CORESET #0 configured by pdcch-ConfigSIB1
In this case, the CORESET #0 does not have any TCI states configured. The network is not aware of which SSB the UE selected. In this case, the UE should initial random access procedure to establish beam association with network. After the RRC connection establishment, the UE is not allowed to autonomously switch the SSB for unicast reception. The QCL assumption of USS PDCCH in CORESET #0 should also follow that SSB. The same behavior can be applied for both initial access and handover scenarios.
However, it is worth noting that the UE still is allowed to switch to the beam SSB to monitor the broadcast PDCCH in CORESET #0. Maintaining multiple QCL assumptions in the same CORESET complicates the UE implementation. Instead, it would be better if the network can reconfigure and activate the TCI states for CORESET #0 after RRC connection establishment, the same QCL assumption can be achieved for data reception in CORESET #0. Moreover, the behavior between different CORESETs including CORESET #0 can also be consistent. 

[bookmark: _Ref513747744]Proposal 3: After RRC connection establishment or handover completion, autonomous switching of SSB by UE is not allowed, and the TCI of CORESET #0 can be explicitly reconfigured via dedicated RRC signaling by the network.

Scenario 2: CORESET (other than CORESET #0) configured with one or more TCI states 
If only one TCI state is configured, UE needs to follow the configured TCI state. If more than one TCI states are configured, the TCI state acquired during the random access procedure on CORESET #0 should still be used, until the UE receives a MAC CE activation from the network. 
In the case of CORESET #0 is not used for random access procedure (e.g. CORESET #1 is used for RAR, or CORESET #0 is on BWP other than the active BWP), the UE can follow QCL assumption associated with the cell defining SSB (even if not in the active BWP) or CSI-RS configured for PRACH.

[bookmark: _Ref510444651][bookmark: _Ref510444732]Proposal 4: For CORESET other than CORESET #0, the UE can follow QCL assumption associated with the cell defining SSB (even if not in the active BWP) or CSI-RS configured for PRACH.
3. Conclusion
In the contribution, we discuss some remaining issues of PDCCH CORESET. Based on these discussions, we propose that,
Proposal 1: It should be clarified that the Type-0/0A/1/2 CSS is configured by PDCCH-ConfigCommon for each BWP.
Proposal 2: Send LS to RAN2 to inform RAN1’s decision on this issue and update the RRC signaling accordingly.
Proposal 3: After RRC connection establishment or handover completion, autonomous switching of SSB by UE is not allowed, and the TCI of CORESET #0 can be explicitly reconfigured via dedicated RRC signaling by the network.
Proposal 4: For CORESET other than CORESET #0, the UE can follow QCL assumption associated with the cell defining SSB (even if not in the active BWP) or CSI-RS configured for PRACH.
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