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Introduction
In RAN#83 meeting, enhancement for NR eURLLC as Rel-16 work item (Rel-16 URLLC) [1] approved that includes following detailed objectives for specification of PDCCH enhancements [RAN1]: 
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any)
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
In this contribution, we discuss some remaining issues on PDCCH enhancements.
[bookmark: OLE_LINK1]Discussions
Issue 1: CBG configuration for DCI format 0_1 for PUSCH
Description about CBG transmission configuration for DCI format 0_1 in TS 38.212 [2] has been captured as below.
	TS 38.212 V16.1.0 (2020-03) Current specification
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]



The text in bracket above implies that there is a necessarily to align with the bit width of the CBGTI for  DCI format 0_1 when two HARQ-ACK codebooks are simultaneously constructed. According to L1 parameters URLLC spreadsheet after RAN1#100-e (R1-2001478 [3]), new higher layer parameter PDSCH-CodeblockGroupTransmission-List (see Row#41 in R1-2001478 [3]) includes (1 or 2) of PDSCH-CodeblockGroupTransmission, each of which corresponds to respective HARQ-ACK codebook when two HARQ-ACK codebooks are simultaneously constructed. However, the bit width of the CBG transmission information in DCI format 0_1 is determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock in PUSCH-CodeblockGroupTransmission for PUSCH. Note that there are no new Release 16 RRC parameters for CBG transmission configuration for PUSCH in the L1 parameters URLLC spreadsheet (R1-2001478 [3]). Therefore, the above text in the bracket above for CBGTI of DCI format seems to be not necessary and should be removed. 
Proposal 1: Adopt the following TP1 for section 7.3.1.1.2 in TS 38.212, given CBGTI configuration of DCI format 0_1 for PUSCH is irrelevant to simultaneous construction of two HARQ-ACK codebooks.
	TP1
TS 38.212 V16.1.0 (2020-03)
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
< Unchanged parts are omitted >



Issue 2: Search space sharing 
Due to the introduction of new DCI format for eURLLC, description for search space sharing in TS 38.213[4] has been modified as below.
	TS 38.213 V16.1.0 (2020-03) Current specification
10.1	UE procedure for determining physical downlink control channel assignment
A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 
-	has a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format scheduling PUSCH transmission, other than DCI format 0_0, or for a second DCI format scheduling PDSCH reception or SPS PDSCH release, other than DCI format 1_0, having a first size and associated with serving cell [image: ], 
can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format or for a second DCI format, respectively, having a second size and associated with serving cell [image: ] if the first size and the second size are same. 



In Rel-15, DCI format 0_1 is used for search space sharing. Note that although DCI format 0_1 cannot be used for release of type 2 PUSCH but can be used for release of semi-persistent CSI transmission on PUSCH.
In Rel-16, the DCI format 0_1 and 0_2 are further agreed to support release of type 2 PUSCH transmission. However, the above description of search space sharing captures the DCI format scheduling PDSCH reception, SPS PDSCH release, DCI format scheduling PUSCH transmission but miss capturing the PUSCH release. Therefore, PUSCH release should be captured to make the description of search space sharing correct and precise.  
Proposal 2: Adopt the following TP2 for section 10.1 in TS 38.213 to compensate for a missing case of PUSCH release for search space sharing.
	TP2
TS 38.213 V16.1.0 (2020-03)
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 
-	has a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format scheduling PUSCH transmission or releasing PUSCH transmission, other than DCI format 0_0, or for a second DCI format scheduling PDSCH reception or SPS PDSCH release, other than DCI format 1_0, having a first size and associated with serving cell [image: ], 
can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format or for a second DCI format, respectively, having a second size and associated with serving cell [image: ] if the first size and the second size are same.
< Unchanged parts are omitted >



Issue 3: PDCCH candidates allocation for primary cell in a slot or a span 
Given the PDCCH overbooking would happen in a primary cell, the eURLLC UEs need to allocate PDCCH candidates for monitoring to USS sets for the primary cell in a slot level or a span level according to the PDCCH monitoring capability configuration. The relevant description in TS 38.213[4] has been captured as below.
	TS 38.213 V16.1.0 (2020-03) Current specification
10.1	UE procedure for determining physical downlink control channel assignment

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.




The above cases that the UE allocates PDCCH candidates for monitoring to USS sets for the primary cell in a slot, correspond to the Rel-15 UE and the eURLLC UE being configured all serving cells with  Rel-15 monitoring capability. However, for an eURLLC UE, who is configured a number of serving cells with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells, there is a case that the primary cell is configured with Rel-15 monitoring capability. The current description on the TS38.213 seems to miss capturing the case.
Proposal 3: Adopt the following TP3 for section 10.1 in TS 38.213 to compensate for a missing case of a UE being configured with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving sells and the primary cell is configured with Rel-15 monitoring capability.
	TP3
TS 38.213 V16.1.0 (2020-03)
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells the primary cell, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
< Unchanged parts are omitted >



Conclusion
In this contribution, we have discussed the remaining issue on the PDCCH enhancement and have the following proposals:
Proposal 1: Adopt the following TP1 for section 7.3.1.1.2 in TS 38.212, given CBGTI configuration of DCI format 0_1 for PUSCH is irrelevant to simultaneous construction of two HARQ-ACK codebooks.
	TP1
TS 38.212 V16.1.0 (2020-03)
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
< Unchanged parts are omitted >


Proposal 2: Adopt the following TP2 for section 10.1 in TS 38.213 to compensate for a missing case of PUSCH release for search space sharing.
	TP2
TS 38.213 V16.1.0 (2020-03)
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 
-	has a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format scheduling PUSCH transmission or releasing PUSCH transmission, other than DCI format 0_0, or for a second DCI format scheduling PDSCH reception or SPS PDSCH release, other than DCI format 1_0, having a first size and associated with serving cell [image: ], 
can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level [image: ] in CORESET [image: ] for a first DCI format or for a second DCI format, respectively, having a second size and associated with serving cell [image: ] if the first size and the second size are same.
< Unchanged parts are omitted >


Proposal 3: Adopt the following TP3 for section 10.1 in TS 38.213 to compensate for a missing case of a UE being configured with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving sells and the primary cell is configured with Rel-15 monitoring capability.
	TP3
TS 38.213 V16.1.0 (2020-03)
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells the primary cell, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
< Unchanged parts are omitted >
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