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Introduction
RAN1 is currently specifying signaling of the slot format indication (SFI) of one or more slots on a DL control channel currently known as the group common PDCCH. Several open issues remain including the exact SFI contents, prioritization when the UE receives some combination of semi-static/dedicated L1/SFI signaling for a given slot, and the channel coding scheme. Some signaling details were agreed at the previous RAN1 meeting, namely
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)
· 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.
· 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

This contribution addresses several remaining issues including those summarized in [1].  

SFI payload and channel structure
SFI payload
Based on the agreements, a detected group common PDCCH conveys an index pointing to an entry in a table which is provided to the UE by dedicated RRC signaling. Each entry in the table may contain some combination of DL, UL and Unknown symbols. Rather than enumerate all possible 314 combinations covering a TDD slot, some simple design rules can be followed to select valid combinations. The tabular format is a flexible solution that easily supports multi-slot SFI and also supports more than one DL/UL switching point within a 14-symbol slot per the RAN1 #90 agreement removing support of 7-symbol slots. 
A set of rules for defining the table is given below

1. A set of slot format patterns is configured by RRC signaling.
a. Each slot format pattern indicates the SFI for N slots, where N ≥ 1 and is configured by RRC signaling.
b. N defines the monitoring periodicity of the group common PDCCH
2. For each slot indicated by the slot format pattern, the ordering of symbols types is as follows
a. If present, a DL region is mapped before an UL region.
b. For a slot containing DL and UL regions, at least one Unknown symbol is mapped after the DL region and before the UL region.
c. Multiple switching points within a slot can be indicated by sets of (DL-Unknown-UL) combinations
i. Example: Two DL switching points in a slot is indicated by “DL-Unknown-UL-DL-Unknown-UL”.
d. For a slot containing only UL and Unknown symbols, the Unknown symbols can be mapped before or after the UL region. 
e. To indicate the SFI for N slots, 
i. If an entry in the table contains a single pattern for a slot, the UE assumes that the same pattern repeats for all N slots
ii. For asymmetric SFI indication for N slots, N patterns are defined in a table entry
1. Example: 3 slots with DL-only, DL-Unknown-UL and UL-only can be described as: {DL, …, DL}/{DL, …, DL, Unknown, UL, …, UL}/{UL, …, UL}  
f. Note that the number of symbols for any symbol type may be zero.

The potential SFI payload size grows with the number of valid combinations over N slots. For instance given x possible combinations for a single slot, the SFI payload size is bits. Fortunately, not all valid combinations are required for a given deployment. Thus, a UE can be configured with a subset of the valid combinations, which reduces the SFI payload size. Some entries of the table can also be reserved for future releases.
Proposal 1: A UE may be configured with an SFI monitoring periodicity of N slots, N ≥ 1. Each entry of the semi-statically configured table describes an SFI pattern for N slots.
Proposal 2: A set of rules defining valid combinations for the SFI pattern follows the pattern DL-Unknown-UL, where
· One or more of these symbols types may be zero
· At least up to two DL/UL switching points are supported within a slot
· A table entry for N slots may contain
· A single slot pattern that the UE assumes is repeated across all N slots
· A set of N slot patterns when the SFI is asymmetric across all N slots
 
Note that for TDD it is necessary to indicate a gap for UL-DL switching per the RAN1 AH_#NR2 agreement. Since an Unknown symbol can be overwritten by UE-specific DCI, the Unknown region before an UL region should be provisioned for both the UL-DL switching and timing advance. 
Proposal 3: a UE shall assume that the UL-DL switching time and timing advance are part of the Unknown region before an UL region.

It was also agreed that a UE should have the possibility to reduce the number of blind decodes performed in a slot based on information carried in a group-common PDCCH. One possible mechanism for consideration is group-wide enabling/disabling of NR-PDCCH monitoring occasions within one or more slots. For instance, mini-slot based monitoring can be enabled or disabled when a group of UEs are configured for mini-slot monitoring. This allows the group common PDCCH to manage blind decoding across one or more slots without being tied to a specific CORESET. 

Proposal 4: consider group-wide enabling/disabling of monitoring occasions within a slot using the group-common PDCCH.

Support of multiple bandwidth parts and CA
A UE may be configured to receive and/or transmit data on multiple bandwidth parts (BWPs). It was confirmed at the previous RAN1 meeting that a single pair of DL/UL BWPs is active at any given time. In addition, a scheduling DCI may switch data reception/transmission from the currently active BWP to a different BWP, which is then activated by virtue of this scheduling assignment. To maintain SFI monitoring across BWP switching, a UE should be configured to monitor for the SFI on each configured BWP. This would include the CORESET configuration and the monitoring periodicity. 

As the numerology may be different on each BWP, the UE may be configured with a separate SFI table per configured numerology. An alternative solution is that a common SFI table can be configured based on a given reference numerology such that it is applicable across all BWPs. The primary benefit of this solution is to provide a unified solution for SFI signaling that is independent of BWP switching since in general, DL and UL symbols would not change across the carrier bandwidth. A secondary benefit is that if BWP switching occurs between SFI monitoring occasions it would not be affected by a change in numerology. An illustration is shown in Figure 1 of two BWPs at 15 and 30 KHz respectively. The UE is configured with an SFI table based on the 15 KHz SCS and the same table holds for the 30 KHz BWP. 
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[bookmark: _Ref489869244]Figure 1 Illustration of SFI indication that is applicable across BWPs configured with different numerologies.
It should also be noted in Figure 1 that the DL-UL switching gap may not necessarily be the same for both BWPs. For instance, if the actual DL-UL switching time and required timing advance fall within 1-symbol duration at 30 KHz, then an extra OFDM symbol can be indicated as DL in Figure 1. However, this is not an issue since a UE-specific scheduling assignment can overwrite the extra Unknown symbol.

Proposal 5: A UE is configured with an SFI table based on a given reference numerology. The SFI is valid across all configured BWPs in a given serving cell.

Regarding CA configuration, a UE can be configured to monitor SFI for each configured serving cell. Two options were discussed at the previous meeting, same-cell-indication or cross-cell-indication. In our view SFI transmission should be no different from data scheduling. If a UE can be configured to monitor for data transmission/reception in a given serving cell from a different cell (known as the scheduling cell), it should also be possible to configure the UE to monitor for SFI for a target cell from a different scheduling cell. This reduces the decoding/monitoring operations for group common PDCCH when a UE is configured for CA. 
Proposal 6: a UE may be configured to monitor a CORESET on a first serving cell for group common PDCCH carrying SFI for a second serving cell.

Group common PDCCH channel structure
The initial agreement on SFI transmission left open the possibility that the same or a different channel structure could be used. This informed the temporary name of a group common PDCCH to distinguish from other group-common DCI that are transmitted on the NR PDCCH. Subsequent agreements included mapping to physical resources including CORESET configuration that is similar to other DCI. One remaining issue is the coding scheme for the group-common PDCCH. Two options are to either use RM coding, if the payload size is at most 11 bits, or to use polar coding of a CRC-protected payload. An analysis of these two options including possible payload sizes supporting was presented in a previous contribution [2]. 

A different approach was mentioned at the previous RAN1 meeting, wherein the coding scheme is selected based on the payload size. This implies that the coding scheme depends on the operational scenario including support of cross-cell SFI, which can be expected to take the payload size above the maximum for RM coding. 

The main advantage of polar coding is the unified structure for the DL control channel. Specifically, the SFI is transmitted in a DCI format that can be identified by an SFI-RNTI. On the other hand switching between coding schemes is not new as same is done for UCI transmission. However, the critical issue is the detection reliability of the group-common PDCCH. For UCI without CRC protection, erroneous UCI feedback may lead to some throughput degradation for an erroneous CSI report or DTX/NACK  ACK error. In contrast, erroneous detection of SFI may lead to both inter-cell and intra-cell UL-DL interference. CRC provides a reliable mechanism for handling SFI detection error.  

Observation: RM coding of SFI requires similar error detection capabilities provided by CRC protected data. 

Weighing the pros and cons our preference is to specify a unified channel structure for all NR DL control signaling.

Proposal 7: SFI is CRC protected before polar coding. If payload size is less than 12 bits, padding is used reach a minimum payload size for polar coding.

Regarding physical resource mapping, it is preferable that the CORESET configured for transmitting the group-common PDCCH is mapped to the first symbol(s) of a slot. This facilitates prompt decoding so that the SFI may be used to reduce the number of blind decodes in the current slot or determine other UE behavior in the slot. Consequently, the group-common PDCCH could share physical resources with a front-loaded CORESET in which regular PDCCHs are mapped. 

Proposal 8: the CORESET configured for the group common PDCCH is mapped to the first symbol(s) of a slot.

UE Procedures for SFI reception
For TDD deployments, the transmission direction, or lack thereof (i.e. Unknown), of a symbol in a slot may be indicated by a semi-static UL-DL assignment, semi-statically configured measurement or reporting resources, dynamically signaled SFI and/or scheduling assignments. There may be a conflict between a received signaling type and a previously received signaling for the same subset of symbols in a given slot. To determine UE handling in such a situation we first list a few principles that should govern UE behavior:
· RRC configuration of an UL-DL assignment should not be changed by subsequent dynamic signaling as such configuration targets certain deployment scenarios such as LTE-NR coexistence. 
· Semi-statically configured DL measurement occasions and UL transmission occasions for PUCCH and SRS may be classified into two categories
· Category 1: transmission direction of resources in this category cannot be changed by dynamically signaled SFI.
· Category 2: transmission direction of resources in this category can be changed by dynamically signaled SFI. For example, a semi-statically configured UL symbol for periodic SRS transmission can be changed to a DL symbol by dynamically signaled SFI. In this case the UE does not transmit periodic SRS in that symbol.
· In our view group-common PDCCH and UE-specific L1 signaling should not indicate different transmission directions for a given symbol in a slot. This would be an erroneous configuration for which UE behavior need not be specified. Proper network operation would be to configure such symbols as Unknown in SFI so that DCI can overwrite them.  
· A default behavior should be specified when a UE is not configured to monitor for the group common PDCCH. This is at least true before the UE is configured to monitor for the group common PDCCH. In this case the UE may follow the transmission directions defined by the frame structure if known (e.g. FDD) or directions indicated by an RRC configuration. 
· Finally, UE behavior should also be specified for the case where a UE configured to monitor for the group common PDCCH, fails to decode the SFI, which is one reason to utilize CRC for error detection. Note that this scenario is highly unlikely if a UE receives other PDCCHs in the same slot. For an unscheduled UE on the other hand a simple solution would be for the UE to cancel all configured assignments and only monitor for DL control.


Using the example template describing UE behavior from [3] we have the following proposal. 
 
Proposal 9: if a UE is configured to monitor for dynamically signaled SFI for a given slot, the UE behavior is defined below
Table 1 Proposed UE behavior in case of conflict between dynamically signaled SFI and other signaling types
	Other signaling
	Dynamic SFI

	
	DL
	UL
	Unknown

	Semi-static UL-DL assignment
	DL
	DL
	Error
	Error

	
	UL
	Error
	UL
	Error

	
	Unknown
	DL
	UL
	Unknown

	Other RRC configuration not part of semi-static UL-DL assignment
	DL RS
	DL
	UL
	Unknown

	
	P-CSI, P-SRS
	DL
	UL
	Unknown

	DCI
	DL assignment
	DL
	Error
	DL

	
	UL grant
	Error
	UL
	UL






Conclusion
This contribution discussed several remaining issues for slot format indication. The proposals below summarize the discussion in this paper:
· Proposal 1: A UE may be configured with an SFI monitoring periodicity of N slots, N ≥ 1. Each entry of the semi-statically configured table describes an SFI pattern for N slots.
· Proposal 2: A set of rules defining valid combinations for the SFI pattern follows the pattern DL-Unknown-UL, where
· One or more of these symbols types may be zero
· At least up to two DL/UL switching points are supported within a slot
· A table entry for N slots may contain
· A single slot pattern that the UE assumes is repeated across all N slots
· A set of N slot patterns when the SFI is asymmetric across all N slots
· Proposal 3: a UE shall assume that the UL-DL switching time and timing advance are part of the Unknown region before an UL region.
· Proposal 4: consider group-wide enabling/disabling of monitoring occasions within a slot using the group-common PDCCH.
· Proposal 5: A UE is configured with an SFI table based on a given reference numerology. The SFI is valid across all configured BWPs in a given serving cell.
· Proposal 6: a UE may be configured to monitor a CORESET on a first serving cell for group common PDCCH carrying SFI for a second serving cell.
· Proposal 7: SFI is CRC protected before polar coding. If payload size is less than 12 bits, padding is used reach a minimum payload size for polar coding.
· Proposal 8: the CORESET configured for the group common PDCCH is mapped to the first symbol(s) of a slot.
· Proposal 9: if a UE is configured to monitor for dynamically signaled SFI for a given slot, the UE behavior is defined below
Table 1 Proposed UE behavior in case of conflict between dynamically signaled SFI and other signaling types
	Other signaling
	Dynamic SFI

	
	DL
	UL
	Unknown

	Semi-static UL-DL assignment
	DL
	DL
	Error
	Error

	
	UL
	Error
	UL
	Error

	
	Unknown
	DL
	UL
	Unknown

	Other RRC configuration not part of semi-static UL-DL assignment
	DL RS
	DL
	UL
	Unknown

	
	P-CSI, P-SRS
	DL
	UL
	Unknown

	DCI
	DL assignment
	DL
	Error
	DL

	
	UL grant
	Error
	UL
	UL
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