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1 Introduction

In RAN1 #90b meeting, discussions on group common PDCCH were held, and the following is agreed. 

Agreements:

· For GC-PDCCH monitoring, confirm the working assumption

· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell 

Agreements:

· 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

Agreements:

· 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

Agreements:

· 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)

Agreements:

· 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

Agreements:

· For the UE specific single-slot/multi-slotset 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.

Agreements:

· 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

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

Agreements:
· 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 imples 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

From the RAN1 #90b, many issues for GC PDCCH are addressed such as relationship among semi-static SFI, dynamic SFI and UE-specific DCI, and how to deliver SFI. As a result a few agreements are derived. For further discussion, we made some proposals about physical structure, how to indicate SFI in various condition, UE operations for fallback, and relationship with semi-static resources.
2 Discussions 
2.1 Structure of GC PDCCH
The payload size and whether SFI is carried with other group common DCI contents are important issues. So far, configurable option that GC PDCCH can have the configurable structure (e.g. CRC and coding) depends on the payload size has been discussed. If payload size is small, RM coding with zero CRC bit is used, and if payload size becomes larger, polar code with CRC bit (the size of CRC may also depend on the size of payload) can be used. However, the SFI carried by GC PDCCH becomes much important feature that it can cancel the measurement related signals or blind decoding and, it would be opened to dispute, but it may change the slot format in the middle of the scheduled resources. Thus UE need to receive GC PDCCH accurately and the high reception rate of GC PDCCH should be guaranteed. Furthermore, it is necessary to check whether received SFI carried by GC PDCCH is received correctly. From these point, accuracy of receiving GC PDCCH is critical issue and the necessity of CRC can be found. With the CRC and polar code, UE can receive the GC PDCCH with higher performance and can confirm whether receive GC PDCCH is correct or not. And also, it was agreed that UE operates blind decoding for GC PDCCH candidates configured in a CSS or group-CSS in a configured CORESET. It would be better that GC PDCCH is based on PDCCH structure to allocate the candidates in a CSS or group-CSS because GC PDCCH is formed in a CCE base.
Proposal 1: A group common PDCCH is based on NR-PDCCH structure.
From the agreements, up to two decoding candidates of GC PDCCH are configured with a configured aggregation level in a CSS or group-CSS in a configured CORESET. Also, the CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling. From this sense, it is necessary to discuss how CORESET for GC PDCCH can be defined.
Whether it can share CSS or needs a separate CORESET is heavily dependent on the size of DCI used for group common PDCCH. As agreed, the payload size of group common PDCCH is configurable, and the remaining question is to align the DCI size to one of DCI format. Given that a limited number of candidates configured for group common PDCCH, it could make more sense that different DCI size can be used for group common PDCCH from other group common DCI or cell-specific DCI. It’s not necessary to configure another CORESET just for group common PDCCH in our view. The CORESET for CSS can be shared where a limited candidates are used for group common PDCCH.
Proposal 2: CORESET configured for CSS can be used for group common PDCCH. The DCI size for group common PDCCH can be different from DCI size for other group common DCI or scheduling DCI for broadcast data. 
2.2 SFI indication
2.2.1 When SFI information becomes effective 
Assuming group common PDCCH is transmitted in every P slots, it needs to clarify how SFIs carried in one group common PDCCH is applied. In general, we can consider that SFIs are applied between slot n to slot n+X-1 where a group common PDCCH is transmitted in slot n and X is the number of slots indicated in the group common PDCCH. Alternatively, we can consider that SFIs are applied between slot n+1 to slot n+X. 

The first approach can have ‘undefined’ OFDM symbols depending on processing time of group common PDCCH by a UE (e.g., during processing time, a UE cannot determine the direction). If a UE needs to perform measurements in such resources, a UE needs to apply the case that a UE has not acquired group common PDCCH (i.e., measurement is not valid). This can be very inefficient. Considering various UE capability and implementation, our general preference is to apply SFIs between slot n+1 to slot n+X when group common PDCCH is transmitted in slot n. 
Proposal 3: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
2.2.2 With the mmWave

So far, group common PDCCH has been focused on single or very limited beam cases. If we consider the cases with large number of beams, the transmission mechanism of group common needs to be further clarified. 

In multi-beam environments, we see potentially two use cases where group common PDCCH can be beneficial. First is to indicate slot formats of a few msec range via SS block or via beam sweeping. For example, aligning with SS block where beam sweeping occurs, slot format can be broadcasted where the interval can be aligned with SS block periodicity. Another use case is to validate or invalidate semi-statically configured measurement resources. 

As there are multiple beams of measurement resources, if validation is achieved by SFI, at least the number of beams which will be used for the measurement (i.e., validated resources) need to be transmitted. Depending on the measurement configurations, there can be many beams in a certain period/slot. Also, as group common PDCCH is transmitted periodically, different beams on each slot within the periodicity/interval are possible. In general, the number of beams needed to be indicated can be considerable for a given GC PDCCH. Thus, when multi-beam scenario is considered, in addition to periodicity, window where group common PDCCH is monitored needs to be also considered as one slot may not transmit GC PDCCHs for the all intended beam directions. 
Proposal 4: Considering multi-beam scenarios, in addition to periodicity of group common PDCCH monitoring, a window where group common PDCCHs are monitored in each interval can be configured. 
2.3 UE operations
2.3.1 UE operation when UE loses the SFI
When a UE has not acquired GC PDCCH, we can consider the UE’s fall back operations as follows,

· UE cannot assume slot format based on GC PDCCH. Information from other configurations such as DCI and semi-static configuration depending on the priority rule of agreements can provide additional information. 

When the UE has not acquired group common PDCCH even if it’s configured, the UE cannot assume any information on flexible resources. Thus, a UE cannot change resource’s state. 
For example, for semi-statically configured measurement resources, since the resources are not validated by SFI, a UE cannot assume that resources are valid unless the resources are configured in semi-static DL or UL. For monitoring CORESET, as the UE does not acquire ‘reserved resource’ where the UE can skip monitoring on CORESET, the UE keep monitoring CORESET.  Similarly for others, the UE cannot assume any change by SFI if group common PDCCH has not been detected. 
Proposal 5: When a UE misses group common PDCCH, the UE behaviour when group common PDCCH is received would not be applied. Specifically, a UE cannot assume that semi-statically configured measurement resources are validated in flexible resource. Also, it cannot skip CORESET monitoring in flexible resource as the resource has not been identified as reserved/UL. 
2.3.2 Relationship between semi-static configuration and GC PDCCH
To allow flexible adaptation of resources, it is desirable to have possibility that GC PDCCH can override at least some of semi-statically configured resources and it is agreed that ‘measurement’ configuration can be adapted by SFI of GC PDCCH. However, there are some aspects to be considered for static resources. For example, actual transmitted SS blocks are shared with IDLE UEs for the synchronization. As IDLE UEs would behave as if they are not configured with group common PDCCH, according to the case a UE is not configured group common PDCCH, it is natural to assume that semi-statically configured resources are guaranteed. Thus, resources at least indicated cell-specifically via PBCH/RMSI/OSI in our view should not be altered by group common PDCCH. However, for RACH resource, the relationship with GC PDCCH can be differently defined. The RACH resource can be used for scheduling request and UE randomly transmits this SR. Network cannot expect to receive SR in every RACH resources, thus it would be wasted to reserve all RACH resources. From this perspective, it is reasonable that at least RACH resource should be able to be (in)validated by SFI indication.
For the RMSI CORESET, UE should monitor RMSI CORESET in the IDLE mode thus it is not necessary to define the relationship between RMSI CORESET and control channels carrying slot format for IDLE state. After connection, UE also need to monitor RMSI also but information RMSI can be transmitted in other DCI or can be shared for other RNTI. In this case, network can change the direction of resource for RMSI CORESET to opposite direction to reuse these resources or to make UE skip to monitor. For these cases, the resource direction can be changed by GC PDCCH.
For the behavior for each semi-static configuration, we have the following proposals. 

· SS block: A UE assumes that actually transmitted SS block resources are not indicated as either UL or Unknown by group common PDCCH. 

· CORESET: If group common PDCCH defines the resources are reserved or UL, a UE can skip monitoring CORESET even for RMSI CORESET.
· RACH: RACH resource in flexible of semi-static D/U assignment can be overridden by GC PDCCH.
Additionally, it also needs to consider the UE’s behavior who is in IDLE/DRX state. In the case that UE is in IDLE/DRX state, it is assumed that UE can be configured or will be configured by semi-static D/U assignment and semi-static resource configuration, but UE does not received the GC PDCCH or UE-specific DCI yet. Then network can expect this UE in IDLE/DRX has the similar state of who does not configured with GC PDCCH, because this UE is available semi-static configurations. Thus for IDLE/DRX UEs, it may be assumed that resource states are considered as if the UE is not configured with GC PDCCH.
Proposal 6: For the static resource configuration, following relationships are proposed
· SS block: A UE assumes that actually transmitted SS block resources are not indicated as either UL or Unknown by group common PDCCH. 

· CORESET: If group common PDCCH defines the resources are reserved or UL, a UE can skip monitoring CORESET even for RMSI CORESET.

· RACH: RACH resource in flexible of semi-static D/U assignment can be overridden by GC PDCCH.

Proposal 7: For IDLE/DRX UEs, UEs may assume resource states as if the UE is not configured with GC PDCCH.
2.3.3 Relationship between dynamic DCI and GC PDCCH
It has been agreed that unknown of GC PDCCH can be overridden by dynamic DCI. Yet, a few things should be further clarified as follows. 

· Earlier DCI overrides later GC PDCCH unknown: In this case, as GC PDCCH says unknown, it is natural to follow DCI information. In this sense, earlier DCI can also override later GC PDCCH’s indicated unknown resource.

· Earlier DCI indicates DL which is indicated as UL by GC PDCCH (or DCI indicates UL for DL by GC PDCCH): for example, for multi-slot scheduling or cross-slot scheduling, DCI can be transmitted before GC PDCCH. In such cases, it can be considered to follow ‘recent’ information if the reliability of GC PDCCH is assured. If DCI cannot be overridden, the network cannot change resources once it has any cross or multi-slot scheduled data, which will restrict the flexibility. In this sense, it can be considered to allow recent GC PDCCH can override earlier DCI. To minimize the impact on the UE performance in case of GC PDCCH missing, it can be considered to ‘puncture’ the data mapping on the resources changed by GC PDCCH. This case can be useful for quick resource changes to support low latency applications. 

Proposal 8: Group common PDCCH can override DL to UL or UL to DL indicated by a DCI if it is transmitted later than the DCI.
3 Conclusion 
In this contribution, we discuss on the structure of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: A group common PDCCH is based on NR-PDCCH structure.
Proposal 2: CORESET configured for CSS can be used for group common PDCCH. The DCI size for group common PDCCH can be different from DCI size for other group common DCI or scheduling DCI for broadcast data. 
Proposal 3: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
Proposal 4: Considering multi-beam scenarios, in addition to periodicity of group common PDCCH monitoring, a window where group common PDCCHs are monitored in each interval can be configured. .
Proposal 5: When a UE misses group common PDCCH, the UE behaviour when group common PDCCH is received would not be applied. Specifically, a UE cannot assume that semi-statically configured measurement resources are validated in flexible resource. Also, it cannot skip CORESET monitoring in flexible resource as the resource has not been identified as reserved/UL. 

Proposal 6: For the static resource configuration, following relationships are proposed

· SS block: A UE assumes that actually transmitted SS block resources are not indicated as either UL or Unknown by group common PDCCH. 

· CORESET: If group common PDCCH defines the resources are reserved or UL, a UE can skip monitoring CORESET even for RMSI CORESET.

· RACH: RACH resource in flexible of semi-static D/U assignment can be overridden by GC PDCCH.

Proposal 7: For IDLE/DRX UEs, UEs may assume resource states as if the UE is not configured with GC PDCCH.
Proposal 8: Group common PDCCH can override DL to UL or UL to DL indicated by a DCI if it is transmitted later than the DCI.
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