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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In RAN1 meeting #94, the following conclusion are achieved [1]:
Conclusion:
· No new RRC signaling for TCI-state configuration for the CORESET#0 is introduced.
· No new MAC-CE for TCI-state indication for the CORESET#0 is introduced.
· FFS: Whether the existing RRC configuration and/or existing MAC-CE field can be used to configure/indicate dedicated TCI-state or SSB index for the CORESET#0
· FFS: Whether/how to support BFR for the CORESET#0
In this contribution the remaining issues on DL control channel are discussed, including DCI size ambiguity, configuration of TCI states for CORESET#0 and BFR for CORESET#0. 
Remaining aspects on DCI
Issues for DCI format ambiguity within overlapped search spaces
[bookmark: _GoBack]According to the latest version of TS38.212, there are two types of DCI format for UL/DL grant, i.e. Fallback DCI, and non-Fallback DCI. The sizes of Fallback DCI (i.e. DCI format 1_0/0_0) are determined by the size of CORESET 0 when the fallback DCI is transmitted in CSS or the fallback DCI is transmitted in USS but the total number of DCI sizes per slot exceeds the DCI size budget. On the other hand, the size of non-Fallback DCI are determined by the specific configuration for the active BWP carrying the non-Fallback DCI. 
Based on the current mechanism of DCI size determination, the sizes of fallback DCI could be the same as that of non-fallback DCI, e.g. some fields are absent according to the RRC configuration or the size of some field are configured to be 0. For example, if some features like CA, CBG, 2CW, ZP CSI-RS are not configured, there is some chance that the size of fallback DCI and non-fallback DCI are the same. Table 1 shows an example of the same size for Fallback DCI and non-Fallback DCI, when the bandwidth size used to determine the Frequency domain resource allocation (FDRA) field in both Fallback DCI and non-Fallback DCI are the same and some fields are absent according to the RRC configuration. In addition, even non-fallback DCI maintains those fields as given by the above example, this issue still occurs when the size of initial BWP bigger than the size of active BWP.
Table 1: DCI format ambiguity for different DCIs
	SS                                           BW
	24 RBs
	48 RBs
	96 RBs

	Fallback DCI
	0_0/1_0 (61)
	0_0/1_0 (63)
	0_0/1_0 (65)

	non-Fallback DCI (DL)
(w/o CIF, PRB bundling size indicator, rate matching indicator, ZP CSI-RS, DAI, TCI, 2 CW, CBG, DMRS sequence initialization)
	1_1 (61)
	1_1 (63)
	1_1 (65)

	non-Fallback DCI (UL)
(w/o CIF, Precoding information and number of layers, CSI request, 2nd DAI, CBG, DMRS sequence initialization)
	0_1 (61)
	0_1 (63)
	0_1 (65)


UE may monitor the Fallback DCI formats 0_0/1_0 with CRC scrambled with C-RNTI/CS-RNTI in USS and/or CSS, and monitor the non-Fallback DCI formats 0_1 and 1_1 in USS. According to the current specification, two cases below are considered:
Case 1: Search space overlapping between CSS (Fallback DCI) and USS (non-Fallback DCI) within a CORESET. 
The percentage of overlapped candidates are given by Table 2 with different CORESET and search space set configurations. The configurations for AL and the corresponding number of PDCCH candidates is given in Table 3. It is observed that the probability of PDCCH candidates overlapping is high in Case 1.
Table 2: The percentage of overlapped candidates in Case1 with AL 4/8/16
	Configuration
	CORESET
(BW, Duration)
	NCCE
	Different ALs

	
	
	
	4
	8
	16

	1
	24 RBs, 3os
	12
	100%
	100%
	—

	2
	48 RBs, 3os
	24
	80%
	67%
	100%

	3
	96 RBs, 3os
	48
	40%
	33%
	33%


Table 3: Configuration of search space set on AL and number of PDCCH candidates in Case1
	Configuration
	Number of PDCCH candidates in CSS
	Number of PDCCH candidates in USS

	
	
	

	1
	3/1 at AL 4/8
	6/3/1 at AL 2/4/8

	2
	4/2/1 at AL 4/8/16
	6/6/2/1 at AL 2/4/8/16

	3
	4/2/1 at AL 4/8/16
	6/6/2/2 at AL 2/4/8/16


In above case, the UE is configured to monitor DCI format 1_0 with C-RNTI/CS-RNTI in CSS and DCI format 1_1 with C-RNTI/CS-RNTI in USS. The size of DCI format 1_0 equals to that of DCI format 1_1. If two PDCCHs are transmitted in overlapped PDCCH candidates, UE will fail to identify the detected DCI format among Fallback DCI and non-Fallback DCI. 
Case2: Search space overlapping between USS (Fallback DCI) and USS (non-Fallback DCI) within a CORESET.
If all USSs (e.g. USS#0, USS#1) are associated with the same CORESET, the starting CCEs of the first PDCCH candidates in those USSs will be overlapped due to no randomization for different USSs. It can be expected that the first PDCCH candidate will be overlapped between different search space sets for USS under a certain aggregation level. The other PDCCH candidates may overlap in high probability due to the configured number of PDCCH candidates. Similar, The percentage of overlapped candidates are given by Table 4 with different CORESET and search space set configurations. The configurations for AL and the corresponding number of PDCCH candidates is given in Table 5. It is also observed that the probability of PDCCH candidates overlapping is high in Case 2.
Table 4: The percentage of overlapped candidates in Case2 with AL 2/4/8/16
	Configuration
	CORESET
(BW, Duration)
	NCCE
	Different ALs

	
	
	
	2
	4
	8
	16

	1
	48 RBs, 3os
	24
	67%
	67%
	67%
	100%

	2
	96 RBs, 3os
	48
	67%
	67%
	67%
	67%

	3
	96 RBs, 3os
	48
	28%
	40%
	100%
	67%


Table 5: Configuration of search space set on AL and number of PDCCH candidates in Case2
	Configuration
	Number of PDCCH candidates in USS#0
	Number of PDCCH candidates in USS#1

	
	
	

	1
	6/6/2/1 at AL 2/4/8/16
	3/3/1/1 at AL 2/4/8/16

	2
	6/6/2/2 at AL 2/4/8/16
	3/3/1/1 at AL 2/4/8/16

	3
	6/6/2/2 at AL 2/4/8/16
	8/4/2/1 at AL 2/4/8/16


As mentioned in Table 1, both Fallback DCI and non-Fallback DCI may have the same size of DCI payload and with CRC scrambled by the same C-RNTI/CS-RNTI. UE will fail to identify the detected DCI Format between Fallback DCI and non-Fallback DCI.
In order to identify the detected DCI format between fallback DCI and non-fallback DCI with the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI among the overlapped PDCCH candidates, UE should be restricted to decode only one type of DCI Formats. For example, for Case1, only Fallback DCI formats are expected to be transmitted; for Case2, only non-Fallback DCI formats are expected to be transmitted. 
Proposal 1:  If Fallback DCI and non-Fallback DCI have the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI, UE expects that only one type of DCI format is transmitted among the overlapped PDCCH candidates:
· When CSS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for Fallback DCI is transmitted.
· When USS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for non-Fallback DCI is transmitted.
Issues for on TCI configuration and BFR for CORESET#0
According to the conclusion of the last meeting, no new RRC signaling and MAC-CE will be introduced for TCI state configuration. 
The existing RRC signaling for TCI-state configuration is ControlResourceSet IE. However, reusing the current RRC signaling will further complicate the RAN2 signaling. For example, the ControlResourceSet IE is given as follows:
ControlResourceSet ::= 					SEQUENCE {
	controlResourceSetId					ControlResourceSetId,

	frequencyDomainResources				BIT STRING (SIZE (45)),
	duration								INTEGER (1..maxCoReSetDuration),
	cce-REG-MappingType						CHOICE { 
		interleaved								SEQUENCE {
			reg-BundleSize							ENUMERATED {n2, n3, n6},
			interleaverSize							ENUMERATED {n2, n3, n6}, 
[bookmark: _Hlk514758623]			shiftIndex								INTEGER(0..maxNrofPhysicalResourceBlocks-1) 						 OPTIONAL 	-- Need S
		}, 
		nonInterleaved 							NULL
	},
	precoderGranularity						ENUMERATED {sameAsREG-bundle, allContiguousRBs},
	tci-StatesPDCCH-ToAddList					SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId				OPTIONAL,	-- Need N
		tci-StatesPDCCH-ToReleaseList			SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId				OPTIONAL,	-- Need N
tci-PresentInDCI						ENUMERATED {enabled}													OPTIONAL, 	-- Need S
	pdcch-DMRS-ScramblingID					INTEGER (0..65535)													OPTIONAL, 	-- Need S
	...
}
If ControlResourceSet IE is used to configure TCI for CORESET#0, some limitation on the configuration of some fields except TCI configuration in this IE needs to be set to align the configuration of CORESET#0, which will complicate the specification and implementation. 
On the other hand, the existing UE-specific PDCCH MAC-CE field will be a possible way to configure the TCI-state for CORESET#0. For example, according to TS38.321v15.3.0, the current UE-specific PDCCH MAC-CE field include both CORESET ID field with length 4 bits and TCI State ID field with length 7 bits. The range of the value in CORESET ID field covers all CORESETs within a serving cell, and the range of the value in TCI State ID field covers total 128 TCI-stateID. The current signaling is adequate for TCI configuration for CORESET#0. If the MAC-CE field is used for TCI-state configuration for CORESET#0, the TCI State ID field should include the SSB index or CSI-RSs associated with SSB indexes. 
Proposal 2: MAC-CE can be used to configure TCI-state for CORESET#0, and the fields TCI-stateID should include SSB index or the CSI-RSs QCLed with SSB indexes. 
According to the conclusion on RAN1 meeting#94, beam failure recovery mechanism should also be applicable for CORESET#0/SS#0. The SSB index should be included in the beam failure detection RS set [image: ]. When beam failure occurs, UE can identified a new SSB block over the threshold configured for beam failure recovery and send beam failure recovery request to gNB. In current version of TS38.213, the beam failure detection RS set [image: ] can only be periodic CSI-RS resources if higher layer parameter failureDetectionResources is provided for a UE, it will prohibit the beam failure detection on SSB/CORESET#0/SS#0. It is preferred to include SSB index indicated by TCI state of CORESET#0 into the beam failure detection RS set [image: ], if higher layer parameter failureDetectionResources is provided for a UE. That leads to the following proposal and corresponding TP is in appendix. 
Proposal 3:  The TCI state of CORESET#0 (i.e. the corresponding SSB index) should be included in the beam failure detection RS set, if higher layer parameter failureDetectionResources is provided for a UE.
Conclusions
The contribution provides our views on remaining issues on DCI size ambiguity, configuration of TCI states for CORESET#0 and BFR for CORESET#0. Based on the above discussion, we have the following proposals:
Proposal 1:  If Fallback DCI and non-Fallback DCI have the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI, UE expects that only one type of DCI format is transmitted among the overlapped PDCCH candidates:
· When CSS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for Fallback DCI is transmitted.
· When USS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for non-Fallback DCI is transmitted.
Proposal 2: MAC-CE can be used to configure TCI-state for CORESET#0, and the fields TCI-stateID should include SSB index or the CSI-RSs QCLed with SSB indexes. 
Proposal 3:  The TCI state of CORESET#0 (i.e. the corresponding SSB index) should be included in the beam failure detection RS set, if higher layer parameter failureDetectionResources is provided for a UE.
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Appendix
Text proposal for proposal 3 in TS 38.213 v15.3.0 Section 6
< Unchanged parts are omitted >



A UE can be provided, for a serving cell, with a set [image: ] of periodic CSI-RS resource configuration indexes and the SS/PBCH block index QCLed with CORESET#0 by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by higher layer parameter TCI-states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects the set [image: ] to include up to two RS indexes and, if there are two RS indexes in a TCI state, the set [image: ] includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set . 
< Unchanged parts are omitted >
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