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1. Introduction

Group common PDCCH have been discussed for several meetings. Until now, the following agreements have been achieved.
In RAN1 #89 meeting [1]: 

Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots

· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots

· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts

· FFS: details for UE behaviour

· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot

In RAN1 NR AH#2 meeting [2]:

Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.

Agreements:
· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· 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.

Agreement: Prioritize discussion of SFI functionality of a group-common PDCCH.

· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.

In RAN1 #90 meeting [3]: 
Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

In RAN1 NR AH#3 meeting [4]:

Agreements:
· Regarding dynamic SFI content definition

· The SFI carries an index to a table that is UE-specifically configured via RRC 

· FFS how to manage the table for future proof

· FFS how to define entries in the table

· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)

Agreements:
· Confirm the following WA 

· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration

In this contribution, we will further discuss remaining issues of group common PDCCH, including the following topics:

· Contents of dynamic SFI

· UE behavior if configured group common PDCCH is not detected.

· Override rules
2. Contents of dynamic SFI
It was agreed that ‘Reserved’ is signaled at least by RRC and ‘Unknown’ can be informed as part of the semi-static configuration. Considering DL and UL states of symbol which can be configured by RRC, there are possible four states per OFDM symbol, ‘DL’, ‘UL’, ‘Reserved’ and ‘Unknown’ that can be configured by RRC. 
Proposal 1: There are four possible states per OFDM symbol configured by RRC: ‘DL’, ‘UL’, ‘Reserved’ and ‘Unknown’.

Dynamic SFI is used to indicate the slot format information which is carried in group common PDCCH. The ‘Unknown’ symbol configured by RRC can be override as either ‘DL’ or ‘UL’ by dynamic SFI. ‘Reserved’ symbol cannot be overridden by dynamic SFI. In our view, that means ‘Reserved’ cannot be overridden to ‘DL’ or ‘UL’ symbol for data transmission or measurement, while it can be indicated as ‘Unknown’ by dynamic SFI. UE does know which symbols are ‘Reserved’ through RRC configuration even though they are indicated as ‘Unknown’ in dynamic SFI, so that UE will not monitor PDCCH on these symbols. In this case, only three possible states need to be indicated in dynamic SFI: ‘DL’, ‘UL’ and ‘Unknown’. That can simplify the indication of SFI and reduce payload of SFI. 
Proposal 2: There are three possible states per OFDM symbol indicated in dynamic SFI: ‘DL’, ‘UL’ and ‘Unknown’.

UE is configured to monitor group common PDCCH which includes SFI. Dynamic SFI can be used to indicate the slot format for multiple slots or single slot. An illustration of dynamic SFI indication is shown in figure 1. In the case of multi-slot indication, a dynamic SFI is transmitted in the first slot and it is used to indicate the slot format of the following 4 slots. In the case of single slot indication, a dynamic SFI is only used to indicate the slot format of the slot in which the SFI is transmitted. 
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Figure 1 An illustration of dynamic SFI indication

For per slot, it supports slot-based scheduling and non-slot-based scheduling. For non-slot-based scheduling, each DCI schedules 2, 4 or 7 OFDM symbols and the scheduled symbols can be either ‘DL’ or ‘UL’. An illustration of slot-based and non-slot-based scheduling is shown in figure 2. For slot-based scheduling, the ‘DL’ and ‘UL’ symbols are consecutive within the symbol. While for non-slot-based scheduling, the ‘DL’ symbol can be preempted by ‘UL’ symbol, such as in case of URLLC scenario. Then either ‘DL’ or ‘UL’ symbols are not consecutive. That will cause the indication of slot format very complex. For each symbol, it needs 2 bits to indicate three possible states ‘DL’, ‘UL’, or ‘Unknown’. Up to 28 bits are needed to accurately indicate the slot format of non-slot-based scheduling case. That is a heavy burden for dynamic SFI. A possible simplification is to indicate all of symbols from the first ‘DL’ symbol to the last ‘DL’ symbol before ‘Unknown’ symbol or ‘UL’ symbol as ‘DL’ symbol. Similarly, indicate all of the symbols from the first ‘UL’ symbol that is after ‘DL’ symbol or ‘Unknown’ symbol to the end symbol of the slot as ‘UL’ symbol. Then dynamic SFI can only indicate the number of ‘DL’ and ‘UL’ symbols. The relative position among ‘DL’, ‘UL’ and ‘Unknown’ symbols can be pre-configured or pre-defined in specification, such as ‘DL’ followed by ‘Unknown’ symbols and ‘UL’ symbols. For the case of non-slot-based scheduling in figure 2, dynamic SFI can indicate that there are 12 ‘DL’ symbols and 1 ‘UL’ symbols. UE will monitor PDCCH on the ‘DL’ symbols if CORESET is configured on it. Alternatively, dynamic can include an index which is selected from a pre-configured table and each index corresponds to a specific slot format. 
Proposal 3: Dynamic SFI indicates the number of ‘DL’ symbols and number of ‘UL’ symbols within a slot.

· All of the symbols from the first ‘DL’ symbol to the last ‘DL’ symbol before ‘Unknown’ symbol or ‘UL’ symbol are indicated as ‘DL’ symbol.
· All of the symbols from the first ‘UL’ symbol that is after ‘DL’ symbol or ‘Unknown’ symbol to the last symbol of the slot are indicated as ‘UL’ symbol.
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Figure 2 Illustration of slot-based and non-slot based scheduling

Furthermore, to differentiate multi-slot indication and single slot indication, a field can be included in dynamic to indicate the number of slots that the indicated slot format is applied.

Proposal 4: A field in dynamic SFI to indicate the number of slots that the slot format is applied.

3. UE behavior if configured group common PDCCH is not detected

UE is configured with a CORESET to monitor group-common PDCCH. If UE does not detect group common PDCCH in the monitored CORESET, there are two possibilities: 
· gNB does not transmit group common PDCCH in the slot

· gNB transmits group common PDCCH while UE does not correctly decoded it.
From UE’s point, it cannot justify whether gNB has transmitted group common PDCCH or not. It needs to define a common behavior for UE if it cannot detect group common PDCCH. 

gNB can semi-static configures UL/DL assignment, and based on which UE knows the symbols for ‘DL’, ‘UL’, ‘Reserved’ and ‘Unknown’. Only the symbols of ‘Unknown’ can be overridden by dynamic SFI which is carried in group common PDCCH. 
An illustration is shown in figure 3. It shows that gNB semi-statically configures the slot including 3 ‘DL’ symbosl, 6 ‘Unknown’ symbols, 3 ‘Reserved’ symbols and 2 ‘UL’ symbols. gNB configures UE to monitor the CORESET which includes group common PDCCH. The semi-statically configured slot format can be overridden by group common PDCCH, for example, the first 3 ‘Unknown’ symbols are changed to ‘DL’ symbols as shown in figure 3.
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Figure 3 Illustration of dynamic SFI overrides semi-static DL/UL configuration
If for a slot that UE is configured to monitor CORESET which is used to transmit group common PDCCH and UE does not detect group common PDCCH correctly, it should follow the slot format indicated by semi-static UL/DL configuration, treat all the ‘DL’ and ‘Unknown’ symbols as candidate ‘DL’ symbols and monitor PDCCH on these symbols. That can avoid missing detection of some possible ‘DL’ symbols.
For example, gNB semi-statically configures slot format and there are some ‘Unknown’ symbols within the slot. These ‘Unknown’ symbols can be overridden and changed to either ‘DL’ or ‘UL’ symbols by dynamic SFI. If UE does not detect group common PDCCH within the CORESET which is configured to carry group common PDCCH, that maybe because of missing detection and some ‘Unknown’ symbols have been changed to ‘DL’ symbols by the missing group common PDCCH. The only way that UE can avoid missing possible ‘DL’ symbol is to treat all of the ‘Unknown’ symbols which are configured by semi-static configuration as ‘DL’ symbols and monitor possible PDCCH on them.

Proposal 5: If UE does not detect group common PDCCH within the CORESET which is used to carry group common PDCCH, it should treat all of the ‘Unknown’ symbols that is configured by semi-static UL/DL configuration as ‘DL’ symbols and monitor possible PDCCH on them.
4. Override rules

There are several ways to change the state per symbol, which can be divided into two kinds of signaling: semi-static configuration and dynamic signaling.
· Semi-static UL/DL configuration
· Cell-specific RRC configuration (SIB)
· UE-specific RRC configuration
· Dynamic signaling
· Group common PDCCH
· UL/DL scheduling
Cell-specific RRC configuration is used to configure basic slot format which including some DL symbols target to be used for RMSI, SIB, and some UL symbols target to be used for RACH. UE-specific RRC configuration can only override ‘Unknown’ symbols of cell-specific RRC configuration.

For the override rules, we think that anyone of above listed ways can be overridden by others. For example:

· Cell-specific RRC configuration can be overridden by UE-specific RRC configuration
· UE-specific RRC configuration can be overridden by group common PDCCH
· UE-specific RRC configuration can be overridden by UL/DL scheduling
· Group common PDCCH can be overridden by UL/DL scheduling
· UL/DL scheduling can be overridden by group common PDCCH
· UL/DL scheduling and group common PDCCH can be overridden by UE-specific RRC configuration
· UL/DL scheduling, group common PDCCH and UE-specific RRC configuration can be overridden by Cell-specific RRC configuration
The override depends on the time relationship. The latest configuration/signaling can override the former configuration/signaling. That is because gNB can control the transmission resource and has all of the necessary information for scheduling and/or interference coordination.  The latest configuration/signaling including the latest information and should be have higher priority than the previous ones. 
Generally, we think that the slot format which is configured by cell-specific RRC configuration can be seen as baseline, in which the ‘DL’, ‘UL’ and ‘Reserved’ states cannot be overridden by other configuration or signaling and only ‘Unknown’ state can be override. The ‘Unknown’ state can be override and changed to either ‘DL’ or ‘UL’. The ‘DL’ symbol which corresponds to ‘Unknown’ symbol that is indicated by cell-specific configuration can be changed to ‘UL’ or ‘Unknown’ state. Similarly, the ‘UL’ symbol which corresponds to ‘Unknown’ symbol that is indicated by cell-specific configuration can be changed to ‘DL’ or ‘Unknown’ state.

Proposal 6: 

· The following ways can be used to configure/change the state per symbol. And one way can be overridden by another. 

· Semi-static UL/DL configuration
· Cell-specific RRC configuration (SIB)
· UE-specific RRC configuration
· Dynamic signaling

· Group common PDCCH

· UL/DL scheduling

· The latest configuration/signaling can override the former configuration/signaling
· The slot format which is configured by cell-specific RRC configuration can be seen as baseline. Only ‘Unknown’ state in cell-specific RRC configuration can be overridden. 
5. Conclusions
In this contribution, some remaining issues of group common PDCCH are discussed. The following proposals summarize the discussion and our views. 

Proposal 1: There are four possible states per OFDM symbol configured by RRC: ‘DL’, ‘UL’, ‘Reserved’ and ‘Unknown’.

Proposal 2: There are three possible states per OFDM symbol indicated in dynamic SFI: ‘DL’, ‘UL’ and ‘Unknown’.

Proposal 3: Dynamic SFI indicates the number of ‘DL’ symbols and number of ‘UL’ symbols within a slot.

· All of the symbols from the first ‘DL’ symbol to the last ‘DL’ symbol before ‘Unknown’ symbol or ‘UL’ symbol are indicated as ‘DL’ symbol.
· All of the symbols from the first ‘UL’ symbol that is after ‘DL’ symbol or ‘Unknown’ symbol to the last symbol of the slot are indicated as ‘UL’ symbol.

Proposal 4: A field in dynamic SFI to indicate the number of slots that the slot format is applied.
Proposal 5: If UE does not detect group common PDCCH within the CORESET which is used to carry group common PDCCH, it should treat all of the ‘Unknown’ symbols that is configured by semi-static UL/DL configuration as ‘DL’ symbols and monitor possible PDCCH on them.

Proposal 6: 

· The following ways can be used to configure/change the state per symbol. And one way can be overridden by another. 

· Semi-static UL/DL configuration
· Cell-specific RRC configuration (SIB)
· UE-specific RRC configuration
· Dynamic signaling

· Group common PDCCH

· UL/DL scheduling

· The latest configuration/signaling can override the former configuration/signaling
· The slot format which is configured by cell-specific RRC configuration can be seen as baseline. Only ‘Unknown’ state in cell-specific RRC configuration can be overridden. 
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