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1. Discussion
In this contribution, we discuss remaining issues related to group-common PDCCH. 
1.1. Group common PDCCH monitoring
In the RAN1#91 meeting, the following agreements on group-common PDCCH monitoring periodicity were made [1]. However, this is not captured in current specification. 
	Agreements at RAN1 #91 meeting:
· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent
· For 15KHz SCS (slots based on 15kHz): 1,2,5,10,20
· For 30KHz SCS (slots based on 30kHz): 1, 2, 4, 5, 10, 20
· For 60KHz SCS (slots based on 60kHz): 1, 2, 4, 5, 8, 10, 20
· For 120KHz SCS (slots based on 120kHz): 1, 2, 4, 5, 10, 20


In our view, the values of group-common PDCCH monitoring periodicity should be capture in TS38.331 as it is in current TS38.331 below [2]. Besides, 4 for SCS 30kHz, 60kHz, and 120kHz and 8 for SCS 60kHz, should be captured based on the above agreement.

SFI-PDCCH ::= 								SEQUENCE {

	-- Monitoring periodicity of SFI PDCCH in slots. Should be 8 values in total. RAN1 will decided the remainnig values, i.e. X1, X2, X3
	-- Corresponds to L1 parameter 'SFI-monitoring-periodicity' (see 38.213, section FFS_Section)
	monitoringPeriodicity						ENUMERATED {sl1, sl2, sl5, sl10, sl20, spare3, spare2, spare1}				OPTIONAL,

The relationship between the subcarrier spacing and the monitoring periodicity should be captured in either TS38.331 or TS38.213 [3]. We propose to define the following table in TS38.213 to determine the group common PDCCH monitoring periodicity for different numerologies:

Table 1: Group common PDCCH monitoring periodicity of K slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	20
	NA
	NA
	NA

	10ms
	10
	20
	NA
	NA

	5ms
	5
	10
	20
	NA

	2.5ms
	NA
	5
	10
	20

	2ms
	2
	4
	8
	NA

	1.25ms
	NA
	NA
	5
	10

	1ms
	1
	2
	4
	NA

	0.625ms
	NA
	NA
	NA
	5

	0.5ms
	NA
	1
	2
	4

	0.25ms
	NA
	NA
	1
	2

	0.125ms
	NA
	NA
	NA
	1



In addition, same as the PDCCH, a monitoring offset is needed to determine the monitoring occasion. For example, as shown in fig.1, assuming the group-common PDCCH monitoring periodicity is 5 slots, it is possible that the monitoring occasion occurs in slot 0-4, therefore a monitoring offset is required to decide the specific monitoring occasion, in this example, the monitoring offset is set to 2 slots, therefore, group common PDCCH monitoring occasion occurs in the third slot within the periodicity.
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Fig.1 Group common PDCCH monitoring offset

Since the group common PDCCH monitoring periodicity is numerology-specific, therefore, the monitoring offset should also be numerology-specific. Following the same approach as the monitoring periodicity, the monitoring offset values should be captured in TS38.331 and the relationship between the subcarrier spacing and monitoring offset should be captured in TS38.213. Therefore, we propose to define the following table to determine the group common PDCCH monitoring offset within a given periodicity:

Table 2: Group common PDCCH monitoring offset of k slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA
	NA

	10ms
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA

	5ms
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA

	2.5ms
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19

	2ms
	0,1
	0,1,2,3
	0,1,2,3,4,5,6,7
	NA

	1.25ms
	NA
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9

	1ms
	0
	0,1
	0,1,2,3
	NA

	0.625ms
	NA
	NA
	NA
	0,1,2,3,4

	0.5ms
	NA
	0
	0,1
	0,1,2,3

	0.25ms
	NA
	NA
	0
	0,1

	0.125ms
	NA
	NA
	NA
	0



Proposal 1: 
· For monitoring periodicity of group common PDCCH, the values of 4 for SCS 30kHz, 60kHz, 120kHz and 8 for 60kHz should be captured in TS38.331.
· The following tables should be defined in TS38.213 to determine the group common PDCCH monitoring periodicity and offset for different numerologies.

Table 1: Group common PDCCH monitoring periodicity of K slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	20
	NA
	NA
	NA

	10ms
	10
	20
	NA
	NA

	5ms
	5
	10
	20
	NA

	2.5ms
	NA
	5
	10
	20

	2ms
	2
	4
	8
	NA

	1.25ms
	NA
	NA
	5
	10

	1ms
	1
	2
	4
	NA

	0.625ms
	NA
	NA
	NA
	5

	0.5ms
	NA
	1
	2
	4

	0.25ms
	NA
	NA
	1
	2

	0.125ms
	NA
	NA
	NA
	1



Table 2: Group common PDCCH monitoring offset of k slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA
	NA

	10ms
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA

	5ms
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA

	2.5ms
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19

	2ms
	0,1
	0,1,2,3
	0,1,2,3,4,5,6,7
	NA

	1.25ms
	NA
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9

	1ms
	0
	0,1
	0,1,2,3
	NA

	0.625ms
	NA
	NA
	NA
	0,1,2,3,4

	0.5ms
	NA
	0
	0,1
	0,1,2,3

	0.25ms
	NA
	NA
	0
	0,1

	0.125ms
	NA
	NA
	NA
	0



1.2. Dynamic SFI for multiple BWP configuration
In the RAN1#90bis meeting, the following agreements were achieved regarding to dynamic SFI for one or more serving cells [4]. However, the interaction with multiple BWP configuration per cell is still unclear.
	Agreements at RAN1 #90bis meeting:
· For cross cell GC-PDCCH monitoring, support by RRC configuration for a UE the following:
· The same SFI can be applicable to more than one cell
· Different SFI fields in one GC-PDCCH can be applied to different cells
· FFS interaction with multiple BWP configuration per cell

· GC-PDCCH for dynamic SFI monitoring
· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell
· The coreset(s) is located in the first 1/2/3 symbols in a slot
· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration
· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 
· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 
· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload



There are two different options regarding to the relationship between SFI and multiple BWP configuration:
· Option 1: The SFI field in DCI format 2_0 is per cell. 
· Option 2: The SFI filed in DCI format 2_0 is per BWP. 

Option 1 is simple, but has some restrictions on the SFI flexibility especially when different BWPs have different numerologies since different BWPs per cell should have the same slot formats. Option 2 can provide more flexibility since different BWPs per cell can have different slot formats by using different SFI fields. For illustration, fig.2 gives an example of DCI format 2_0 for SFI indication. In Fig.2a, different SFI fields are applied to different cells and one SFI field corresponds to one cell. In Fig.2b, different SFI fields are applied to different BWPs per cell and one SFI field correspond to one BWP. Option 1 is one special case of option 2 with all BWPs is indicated with the same SFI values. Therefore, we prefer option 2.
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Fig.2a SFI field in DCI format 2_0 is per cell.
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Fig.2b SFI field in DCI format 2_0 is per BWP.

Proposal 2:
· For multiple BWPs configuration, different SFI fields in DCI format 2_0 can be applied for different BWPs per cell.

1.3. UE behavior
In current specification 38.213 [3], the UE behavior when semi-static DL/UL assignment is configured and when both semi-static DL/UL assignment and dynamic is configured are defined. But the UE behavior when either semi-static DL/UL assignment is not configured or neither semi-static DL/UL assignment nor dynamic SFI is configured is not clear. In this section, we discuss the UE behavior for the above mentioned two cases. 
1.3.1 UE behavior when semi-static DL/UL assignment is not configured
Firstly, we discuss the UE behavior when semi-static DL/UL assignment is not configured but dynamic SFI is configured. In the RAN1#91 meeting, the following agreements were made regarding to the UE behavior related to dynamic SFI [1]. It’s noted that the following agreement is applicable for the states that either configured as unknown by semi-static DL/UL assignment or not configured by semi-static DL/UL assignment.
	Agreements at RAN1#91:
· The reception of DL one-slot UE-specific data not semi-statically configured by RRC and measurement related signals not semi-statically configured by RRC cannot be overridden by “unknown” in dynamic SFI
· FFS the case of DL multi-slot UE-specific data not semi-statically configured by RRC
Agreements from RAN1#91:
· [bookmark: OLE_LINK5]For DCI granted multi-slot transmission (PDSCH/PUSCH/PUCCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown
· Follow scheduled multi-slot transmission 
Agreement from RAN1#91:
· In a UE PDCCH monitoring occasion, if dynamic SFI “unknown” is received (not overwritten) for at least one symbol configured for UE PDCCH, the UE is not expected to monitor the PDCCH
Agreements from RAN1#91:
· Transmission direction implied by cell-specific RRC configuration cannot be overwritten by dynamic SFI to the other direction
· Transmission direction implied by cell-specific RRC configuration for SCell/PSCell delivered in UE-specific manner cannot be overwritten by dynamic SFI to the other direction
· Transmission direction implied by UE-specific RRC configuration is treated together as “measurement”
· Currently already include: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed
· This includes UE-specific RRC PRACH configuration per each BWP, type 1 grant free UL transmission, type 2 grant free UL transmission 
· For type 2 UL transmission without grant, only the transmission at the first activated resource is treated as “UE-specific data”
Agreement from RAN1#90b:
· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment: 
· DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI 
· UE behavior will be the cancellation of the measurement or measurement related transmission
· DL/UL direction implied by measurement can be overwritten by UL/DL from dynamic SFI 
· UE behavior will be the cancellation of the measurement or measurement related transmission



Therefore, when semi-static DL/UL assignment is not configured, the UE behavior is the same as that when semi-static DL/UL assignment is configured as ‘unknown’. Therefore, following corrections marked in red are necessary for the spec. 38.213 section 11.1.1.
	For a set of symbols of a slot that are indicated as flexible by higher layer parameter UL-DL-configuration-common and, when provided, by higher layer parameter UL-DL-configuration-dedicated or for a set of symbols of a slot that are not indicated by higher layer parameter UL-DL-configuration-common and UL-DL-configuration-dedicated
· A UE assumes that flexible symbols in a control resource set configured to the UE for PDCCH monitoring are downlink symbols.
· If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the UE detects a DCI format 1_0 or DCI format 1_1 indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE follows the indication of the DCI format 1_0 or DCI format 1_1. 
· If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the UE detects a DCI format with CRC scrambled by C-RNTI indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE follows the indication of the DCI format with CRC scrambled by C-RNTI. 
· If a UE detects a DCI format 2_0 and indicating the set of symbols of the slot as flexible and the set of symbols of the slot are also indicated as flexible by higher layer parameter UL-DL-configuration-common or, when provided, by higher layer parameter UL-DL-configuration-dedicated, the UE considers the set of symbols as reserved., the UE shall not receive PDCCH if the symbol(s) configured to the UE for PDCCH monitoring are indicated as flexible.
· If a UE is configured by higher layers reception of PDCCH or periodic/semi-persistent CSI-RS or SPS PDSCH in the set of symbols of the slot, the UE shall receive PDCCH or periodic/semi-persistent CSI-RS or SPS PDSCH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates the set of symbols of the slot as downlink. 
· If a UE is configured by higher layers transmission of trigger type 0 SRS, or PUCCH, or PUSCH without UL grant, or PRACH in the set of symbols of the slot, the UE shall transmit trigger type 0 SRS, or PUCCH, or PUSCH without UL grant, or PRACH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates the set of symbols of the slot as uplink.



1.3.2 UE behavior when neither semi-static DL/UL assignment nor dynamic SFI is configured
In this section, we discuss the UE behavior when neither semi-static DL/UL assignment nor dynamic SFI is configured. In our understanding, this is equivalent to the case when dynamic SFI is not configured while semi-static DL/UL assignment indicates all symbols/slots as ‘unknown’. Therefore, in this case, same UE behavior as semi-static ‘unknown’ can be defined. In the previous RAN1 meetings [1][4], the UE behavior related to semi-static ‘unknown’ are made as follows:

	Agreement from RAN1#91:
· On SSB transmission
· SSB transmission can happen in semi-static DL
· SSB transmission can happen in semi-static unknown
· Symbols configured to transmit SSB cannot be overwritten to UL
Agreement from RAN1#91:
· Configured PDCCH monitoring under semi-static “unknown” (if not overwritten) is performed
Agreement from RAN1#90b:
· For the states from semi-static DL/UL assignment 
· “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data
· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:
· DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data implies the other direction 
· UE behavior will be the cancellation of the measurement or measurement related transmission
· UE will follow the DCI for UE-specific data transmission and reception



Therefore, following corrections marked in red are necessary for the spec. 38.213 section 11.1.
	For a set of symbols of a slot that are indicated as flexible by higher layer parameter UL-DL-configuration-common and, when provided, by higher layer parameter UL-DL-configuration-dedicated or for a set of symbols of a slot that are not indicated by higher layer parameter UL-DL-configuration-common and UL-DL-configuration-dedicated
· A UE shall receive SS/PBCH, PDCCH, PDSCH, or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format with CRC scrambled by C-RNTI or a configuration by higher layers.  
· A UE shall transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format with CRC scrambled by C-RNTI or a configuration by higher layers.  
· A UE configured for reception of PDCCH or periodic/semi-persistent CSI-RS in the set of symbols of the slot shall receive the PDCCH or the periodic/semi-persistent CSI-RS if the UE does not detect a DCI format with CRC scrambled by C-RNTI or TPC-SRS-RNTI that indicates to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot; otherwise, the UE shall not receive the PDCCH or the periodic/semi-persistent CSI-RS in the set of symbols of the slot and shall transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
· A UE configured for transmission of trigger type 0 SRS or of PUCCH configured by higher layers in the set of symbols in the slot, shall transmit trigger type 0 SRS or PUCCH configured by higher layers in the set of symbols of the slot if the UE does not detect a DCI format with CRC scrambled by C-RNTI that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot; otherwise, the UE shall not transmit the trigger type 0 SRS or PUCCH in the set of symbols of the slot.



1.3.3 UE behavior when group-common PDCCH is not detected (erasure)
In the previous RAN1 meeting, it was discussed that how to define the UE behavior when the group-common PDCCH is not detected. But so far, no consensus has been achieved. In our view, when group common PDCCH is not detected, it is caused by either gNB’s intentional operation, e.g., gNB doesn’t transmit the group common PDCCH or by UE detection failure. But from UE perspective, it cannot distinguish these two cases. Therefore, a single behavior should be defined for above both cases. Based on the agreed overridden rules, DL/UL semi-static DL/UL assignment cannot be overridden to other directions by measurement, dynamic SFI, and UE specific data, and a UE is not expected to receive conflict DL/UL indication in dynamic SFI and UE-specific DCI. Therefore, regardless of the reason why group common PDCCH is not received, UE should behave like following: if a UE receives DL/UL in semi-static DL/UL assignment or DL/UL in a UE-specific DCI, the UE should follow the transmission direction in semi-static DL/UL configurations or the UE specific DCI. Otherwise, the UE should follow the UE-specific DCI, i.e., perform PDCCH monitoring and DL measurement on these resources. However, to avoid performance degradation due to UL transmission for measurement in case group common PDCCH indicates DL but UE fails to detect it, UE shall not perform UL measurement (=UL transmission for measurement). Therefore, we propose:
Proposal 3:
· When a group common PDCCH is configured but not detected (regardless of gNB intentional no transmission or UE detection failure), the following UE behaviour should be defined:
· DL symbols in semi-static UL/DL assignment or UE-specific DCI: DL behaviour
· UL symbols in semi-static UL/DL assignment or UE-specific DCI: UL behaviour
· Semi-static unknown or symbols not known: PDCCH monitoring, DL measurement but no UL measurement (= no UL transmission for measurement)

2. Conclusion
In this contribution, we discussed the remaining issues on group common PDCCH. And our proposals are summarized below.
Proposal 1: 
· For monitoring periodicity of group common PDCCH, the values of 4 for SCS 30kHz, 60kHz, 120kHz and 8 for 60kHz should be captured in TS38.331.
· The following tables should be defined in TS38.213 to determine the group common PDCCH monitoring periodicity and offset for different numerologies.

Table 1: Group common PDCCH monitoring periodicity of K slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	20
	NA
	NA
	NA

	10ms
	10
	20
	NA
	NA

	5ms
	5
	10
	20
	NA

	2.5ms
	NA
	5
	10
	20

	2ms
	2
	4
	8
	NA

	1.25ms
	NA
	NA
	5
	10

	1ms
	1
	2
	4
	NA

	0.625ms
	NA
	NA
	NA
	5

	0.5ms
	NA
	1
	2
	4

	0.25ms
	NA
	NA
	1
	2

	0.125ms
	NA
	NA
	NA
	1



Table 2: Group common PDCCH monitoring offset of k slots for different numerologies
	G-C PDCCH monitoring periodicity 
	Numerology

	
	15kHz
	30kHz
	60kHz
	120kHz

	20ms
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA
	NA

	10ms
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA
	NA

	5ms
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19
	NA

	2.5ms
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18,19

	2ms
	0,1
	0,1,2,3
	0,1,2,3,4,5,6,7
	NA

	1.25ms
	NA
	NA
	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9

	1ms
	0
	0,1
	0,1,2,3
	NA

	0.625ms
	NA
	NA
	NA
	0,1,2,3,4

	0.5ms
	NA
	0
	0,1
	0,1,2,3

	0.25ms
	NA
	NA
	0
	0,1

	0.125ms
	NA
	NA
	NA
	0



Proposal 2:
· For multiple BWPs configuration, different SFI fields in DCI format 2_0 can be applied for different BWPs per cell.

Proposal 3:
· When a group common PDCCH is configured but not detected (regardless of gNB intentional no transmission or UE detection failure), the following UE behaviour should be defined:
· DL symbols in semi-static UL/DL assignment or UE-specific DCI: DL behaviour
· UL symbols in semi-static UL/DL assignment or UE-specific DCI: UL behaviour
· Semi-static unknown or symbols not known: PDCCH monitoring, DL measurement but no UL measurement (= no UL transmission for measurement)
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