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1. Introduction
At the RAN1 #90bis meeting, the following agreements were achieved for group-common PDCCH [1]:
	Agreements at RAN1 #90bis meeting:
· For GC-PDCCH monitoring, confirm the working assumption
· [bookmark: _Hlk498691110]UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell 

· 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

· gNB configures a per serving cell GC-PDCCH (for dynamic SFI) monitoring periodicity of K slots (based on GC-PDCCH numerology), up to 8 choices
· K = 1, 2, 5, 10, 20
· FFS other values

· 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

· GC-PDCCH for SFI is associated with a SFI RNTI by configuration

· The single slot format table supports up to two D/U switching points per slot 
· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.
· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.
· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 
· Note: This single slot slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signalling is necessary (with only X entries specified in Rel-15 in RAN1)

· For the UE specific single-slot/multi-slot set SFI table configuration
· Each entry of the table indicates a sequence of configured single-slot slot formats 
· Note if the sequence length is 1, the entry is a single-slot slot format
· Note if the sequence length is more than one, the entry is a multi-slot slot format
· Note that it is possible all the slots in a multi-slot slot-format can have the same slot format
· Note The entries in the table can be of different length including a mix of single slot SFI and multi-slot SFI
· The length of each entry in the table is FFS, e.g., multiple of configured GC-PDCCH monitoring period, a fraction of the configuration GC-PDCCH monitoring period, etc.

· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15
· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL


The following agreements on group common PDCCH are approved by email:
	Agreements: 
· For the blind decoding of GC-PDCCH carrying SFI, the GC-PDCCH blind decoding is configured with up to two decoding candidates with a configured aggregation level in a CSS or group-CSS in a configured corset
· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc
·  Need to decide the overwriting rules between
· Semi-static DL/UL assignment (including states DL, UL, unknown)
· Dynamic SFI (indicated in GC-PDCCH with states DL, UL, and unknown)
· UE specific data transmission (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH)
· Also include DCI triggered aperiodic measurement related signals, such as aperiodic CSI-RS, aperiodic SRS, etc
· FFS: Broadcast transmission, sync, PRACH, RAR, UL data transmission without UL grant, …
· Measurement: 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
•     FFS: CSI-RS for RRM, TRS, etc
· FFS: Other signals, measurements, and monitoring (including configured coreset monitoring)
· Consider the following directions of potential overwriting in Rel. 15:
· States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data
· State from measurement overwritten by dynamic SFI or UE specific data
· Dynamic SFI overwritten by UE specific data
· FFS: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI
· The timing requirement for overwriting
· UE behavior will be the cancellation of the measurement/data reception or measurement/data related transmission
· 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
· DL/UL in semi-static DL/UL assignment cannot be overwritten to the other direction (DL to UL or UL to DL) by measurement, dynamic SFI and UE specific data
· DL/UL in semi-static DL/UL assignment cannot be overwritten by “unknown” by dynamic SFI
· 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
· 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
· For the states in dynamic SFI in symbols not under DL/UL from semi-static DL/UL assignment (Already agreed in other agreements and only include for completeness)
· UL/DL in dynamic SFI cannot be overwritten by UE specific data
· UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions
· Unknown in dynamic SFI can be overwritten by UE specific data (change to DL or UL)
· UE will follow the DCI for UE-specific data transmission and reception



In this contribution, we discuss remaining details related to group-common PDCCH. 
2. Discussion
2.1. Group common PDCCH monitoring
In the previous RAN1 meeting, some details on cross-cell or same cell group common PDCCH monitoring was agreed. However, when considering the multiple BWPs, the details on the SFI indication are still FFS, e.g., which SFI is used to indicate which BWP. In our view, in case of multiple BWPs, at least the slot format for multiple BWPs with same numerology can be the same. And the slot format for multiple BWPs with different numerologies can be different. To support this, the UE can be configured to monitor a dynamic SFI where the indication of dynamic SFI is for one BWP or multiple BWPs and which BWP(s) the dynamic SFI indicates can be configured by RRC signaling. For example, as shown in Fig.1, assuming multiple BWPs are configured and BWP0 and BWP1 are configured with same numerology, e.g., 15kHz SCS, and BWP2 is configured with different numerology, e.g., 30kHz SCS, from BWP0 and BWP1. To indicate the slot format for multiple BWPs, two SFI fields can be carried in one group common PDCCH which is monitored in BWP2. SFI1 is used to indicate the slot format for BWP0 and BWP1. SFI2 is used to indicate the slot format for BWP2.
[image: ]
Fig.1 Example of SFI for multiple BWPs
In addition, for group common PDCCH monitoring, monitoring periodicity needs to be defined. In the RAN1#90bis meeting, monitoring periodicity of K slots where K= 1, 2, 5, 10, and 20 were already agreed. However, exact values have not been fixed and some other values are still FFS. In our view, by the nature of 2n scaling for SCS, the monitoring periodicity of 4, 8, and 16 slots should also be supported for some particular SCSs, to make the monitoring periodicities aligned with 0.5ms, 1ms, 2ms, 5ms, 10ms, and 20ms across different numerologies. This is because for cross-cell or cross-BWP monitoring of group common PDCCH, different cells/BWPs may have different numerologies. In this case, configuring different monitoring periodicities for different numerologies is beneficial to align the monitoring occasion among different cells/BWPs with different numerologies. To support this, group-common PDCCH monitoring periodicities in the number of slots for different numerologies should be given by Table.1:
Table 1. Relationship between group-common PDCCH monitoring periodicity of K slots and corresponding numerologies
	G-C PDCCH monitoring periodicity (K slots)
	Numerology

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	20ms
	20
	-
	-
	-

	10ms
	10
	20
	-
	-

	5ms
	5
	10
	20
	-

	2ms
	2
	4
	8
	16

	1ms
	1
	2
	4
	8

	0.5ms
	-
	1
	2
	4


Proposal 1:
· For multiple BWPs of the same carrier, NR support RRC configuration for a UE the following:
· The same SFI can be applicable to more than one BWPs within the same carrier
· Different SFI fields in one group common PDCCH can be applied to different BWPs within the same carrier
· For group common PDCCH monitoring periodicities,
·   K = 4, 8 and 16, should be supported
· The relationship between group common PDCCH monitoring periodicity and different numerologies should be defined based on Table 1:
Table 1. Relationship between group-common PDCCH monitoring periodicity of K slots and corresponding numerologies
	G-C PDCCH monitoring periodicity (K slots)
	Numerology

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	20ms
	20
	-
	-
	-

	10ms
	10
	20
	-
	-

	5ms
	5
	10
	20
	-

	2ms
	2
	4
	8
	16

	1ms
	1
	2
	4
	8

	0.5ms
	-
	1
	2
	4



2.2. Group common PDCCH encoding
In the last RAN1 meeting, it was agreed that ‘When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length’, but the exact sets of payload size and coding scheme of group common PDCCH have not decided yet. From the perspective of UEs, the payload size of SFI to be monitored may be small, but from network perspective, group common PDCCH can contain multiple SFI fields, and UE can monitor one SFI filed. Besides, to ensure the forward compatibility of group common PDCCH, other field in a group common PDCCH can be reserved for Rel.15, but for Rel.16 or later, additional function can be introduced by using this reserved field. Therefore, payload size of group common PDCCH would not need to be very small. In this case, coding schemes same as regular PDCCH can be reused. Regarding to the exact sets of payload size, to reduce the number of blind decodings for group common PDCCH, same payload size as regular PDCCH for SI-RNTI or fallback DCI can be configured.
On the other hand, if the payload size of group common PDCCH can be configured to be small, RAN1 needs to design coding scheme and possibly shorter CRC length for that. In this case,  UE is required to implement the decoder for that which increases the UE complexity. Besides, RAN4 needs to define extra demodulation requirement/performance. Considering the limited time, such additional work would not be feasible for Rel.15. 
Based on the above discussion, we have the following proposal:
Proposal 2: 
· For group common PDCCH, same payload size as regular PDCCH for SI-RNTI and fallback should be supported.
· Group common PDCCH is designed with CRC attachment and polar coding:
· CRC attachment and polar coding is exactly the same as that for regular PDCCH.

2.3. Details on dynamic SFI content
Regarding to the dynamic SFI content definition, it was agreed that the SFI carries an index to a table that is UE-specifically configured via RRC and each entry of the table indicates a sequence of configured single-slot slot formats. However, the length of SFI table configuration is FFS. In our view, the time duration that SFI is effective can be derived by group common PDCCH monitoring periodicity, therefore, the length of each entries in the SFI table should be the same with configured group common PDCCH monitoring periods, i.e., the length of SFI table can be 1, 2, 4, 8, 10, 16 and 20 slots.

Proposal 3: 
· For the length of each entries in the SFI table, 1, 2, 4, 8, 10, 16 and 20 slots should be supported.
2.4. UE behavior
2.3.1 PDCCH monitoring
Regarding to UE behavior, one remaining issue is whether UE shall perform PDCCH monitoring on the ‘unknown’ resource if not otherwise indicated. In our view, there is no need to treat ‘unknown’ resource in semi-static UL/DL assignment as ‘reserved’ resource since ‘reserved’ resource can be configured by RRC signaling. In this case, ‘unknown’ resource in semi-static UL/DL assignment is only flexible and UE shall perform PDCCCH monitoring in ‘unknown’ resource in semi-static UL/DL assignment. For ‘unknown’ in dynamic SFI, to achieve dynamic resource reservation for forward compatibility, it is beneficial to treat ‘unknown’ in dynamic SFI as ‘reserved’ if not overridden. In this case, UE shall not perform PDCCH monitoring in the dynamic ‘unknown’ resource. Otherwise, ‘unknown’ is no longer ‘reserved’. 
Proposal 4: 
· If ‘unknown’ is not overridden, 
· For ‘unknown’ in semi-static UL/DL assignment, UE shall perform PDCCH monitoring.
· For ‘unknown’ in dynamic SFI, UE shall not perform PDCCH monitoring.
2.3.2 UE behavior when group-common PDCCH is not detected (erasure)
In the RAN1#90bis meeting, it was discussed that how to define the UE behavior when the group-common PDCCH is not detected. Firstly, when group common PDCCH is not detected, it is possible caused by gNB intentional operation, e.g., gNB doesn’t transmit the group common PDCCH or by UE detection failure. But from UE perspective, it is impossible to distinguish these two operations. Therefore, a single behavior should be defined for both the above cases. Based on the agreed overridden rules, UL/DL semi-static UL/DL 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 miss detection of group common PDCCH is caused by gNB intentional no transmission or UE detection failure, if UE receives UL/DL in semi-static UL/DL assignment or UL/DL in dynamic DCI, UE should follow the UL/DL configurations or indications. Otherwise, if UE receives ‘unknown’ in semi-static UL/DL assignment or doesn’t receive any indication, to allow the UE behaviour based on UE-specific DCI, UE should receive, i.e., perform PDCCH monitoring and DL measurement on these resources. However, to avoid performance degradation due to UL transmission in case group common PDCCH indicates DL but UE fails to detect it, UE shall not perform UL measurement.


Proposal 5:
· When group common PDCCH is not detected (regardless of gNB intentional no transmission or UE detection failure), 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)

2.3.3 Override behavior
In the email discussion after RAN1#90bis, some overridden behavior regarding to semi-static UL/DL assignment, dynamic SFI and UE-specific DCI are approved. However, some remaining overridden behavior needs further discussion. One remaining issue is whether the DL/UL indication in UE-specific DCI can be overridden by unknown in dynamic SFI. NR should support forward compatibility and since we cannot predict how the future channels/signals are dimensioned, therefore, dynamic resource reservation is necessary for forward compatibility. From this point of view, it is beneficial to override DL/UL in UE specific DCI by unknown in dynamic SFI.
Another FFS point is how to define the UE behavior on broadcast transmission, sync, PRACH, RAR, CSI-RS for RRM, TRS, SPS or UL data transmission without UL grant. In our view, semi-static UL/DL assignment should guarantee the DL or UL for cell essential channels/signals/operation. Therefore, for broadcast transmission, sync, CSI-RS for RRM and TRS, the semi-static UL/DL assignment shall indicate the transmission direction of these channels/signals as DL. And the semi-static UL/DL assignment shall indicate the transmission direction of PRACH and RAR as UL. In addition, for SPS transmission or UL data transmission without grant, same UE behavior as grant-based transmission can be defined, e.g., SPS transmission or UL data transmission without grant can be overridden by unknown in dynamic SFI.

Proposal 6:
· For the state in UE-specific DCI,
· UL/DL in UE-specific DCI can be overridden by ‘unknown’ in dynamic SFI.
· For the states implied by broadcast transmission, sync, PRACH, RAR, CSI-RS for RRM, TRS,
· DL direction implied by broadcast transmission, sync, CSI-RS for RRM, TRS cannot be overridden to other directions (DL to UL) by measurement, dynamic SFI and UE specific data.
· UL direction implied by PRACH, RAR cannot be overridden to other directions (UL to DL) by measurement, dynamic SFI and UE specific data.
· For SPS transmission or UL data transmission without grant, 
· SPS transmission or UL data transmission without grant can be overridden by unknown in dynamic SFI.
3. Conclusion
In this contribution, we discussed the remaining details on group common PDCCH. And our proposals are summarized below.
Proposal 1:
· For multiple BWPs of the same carrier, NR support RRC configuration for a UE the following:
· The same SFI can be applicable to more than one BWPs within the same carrier
· Different SFI fields in one group common PDCCH can be applied to different BWPs within the same carrier
· For group common PDCCH monitoring periodicities,
·   K = 4, 8 and 16, should be supported
· The relationship between group common PDCCH monitoring periodicity and different numerologies should be defined based on Table 1:
Table 1. Relationship between group-common PDCCH monitoring periodicity of K slots and corresponding numerologies
	G-C PDCCH monitoring periodicity (K slots)
	Numerology

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	20ms
	20
	-
	-
	-

	10ms
	10
	20
	-
	-

	5ms
	5
	10
	20
	-

	2ms
	2
	4
	8
	16

	1ms
	1
	2
	4
	8

	0.5ms
	-
	1
	2
	4



Proposal 2: 
· For group common PDCCH, same payload size as regular PDCCH for SI-RNTI and fallback should be supported.
· Group common PDCCH is designed with CRC attachment and polar coding:
· CRC attachment and polar coding is exactly the same as that for regular PDCCH.
[bookmark: _GoBack]Proposal 3: 
· For the length of each entries in the SFI table, 1, 2, 4, 8, 10, 16 and 20 slots should be supported.
Proposal 4: 
· If ‘unknown’ is not overridden, 
· For ‘unknown’ in semi-static UL/DL assignment, UE shall perform PDCCH monitoring.
· For ‘unknown’ in dynamic SFI, UE shall not perform PDCCH monitoring.
Proposal 5:
· When group common PDCCH is not detected (regardless of gNB intentional no transmission or UE detection failure), 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)
Proposal 6:
· For the state in UE-specific DCI,
· UL/DL in UE-specific DCI can be overridden by ‘unknown’ in dynamic SFI.
· For the states implied by broadcast transmission, sync, PRACH, RAR, CSI-RS for RRM, TRS,
· DL direction implied by broadcast transmission, sync, CSI-RS for RRM, TRS cannot be overridden to other directions (DL to UL) by measurement, dynamic SFI and UE specific data.
· UL direction implied by PRACH, RAR cannot be overridden to other directions (UL to DL) by measurement, dynamic SFI and UE specific data.
· For SPS transmission or UL data transmission without grant, 
· SPS transmission or UL data transmission without grant can be overridden by unknown in dynamic SFI.
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