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1. Introduction & Background

In RAN1#90bis, the group-common PDCCH and the SFI were futher discussed and agreements were achieved as shown below [1].

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 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:

· 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

During the email discussion after the meeting, the UE behavior regarding the collision of the DL/UL configurations were further discussed, and the following agreements were achieved:

Agreements:
· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, et
·  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 (e.g. 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
However, there are still some remaining issues on UE behavior when the DL/UL configuration is conflict with the broadcast channel, synchronization channel, PRACH, CSI-RS based RRM measurement, etc. Besides, the maximum 256 entries of the SFI table will require 8 bits to indicate the format of a single slot for a given cell. This will increase the DCI payload size when slot format of multiple slots or multiple cells are indicated. In this contribution, we discuss the SFI indication in GC-PDCCH and the remaining undetermined UE behaviors.
2. Scalable slot format indicator
In case of single slot format table, network may not use all the 256 formats for a certain deployment scenario or in a certain frequency band at a given time period. Furthermore, due to the limited payload size of DCI (e.g. 20 bits), the 8-bit per slot SFI will result in slot format indication for only a few slots or carriers or cells. Therefore, SFI indication with fewer bits is preferred. In this section, we discuss the scalable SFI which reduces the unnecessary overhead of DCI payload and improves the robustness of the DCI. 

The entries of the single slot format table can be classified into groups or subsets by some rules or according to the deployment scenario of the UE. The gNB can then explicitly configure a subset of entries from the specified 256 entries to the UE by higher layer signaling such as RRC or other signals. The SFI subset configuration can be per UE per serving cell, e.g., if the UE is served by a PCell and a SCell, the gNB can configure different SFI subsets to the PCell and SCell. The bits needed for SFI indication now depend on the number of entries within configured subset, the smaller the subset, the fewer the required SFI bits. 
When multiple slots SFI or multiple cells SFI is signaled in the DCI, it can be indicated by the concatenation of multiple single slot SFIs or single cell SFIs. Therefore, scalable SFI with reduced bits can further reduce the DCI size for multiple slots or multiple cells SFI.
Proposal 1: Network can configure a subset of entries from the specified [256] entries for SFI indication per UE per serving cell. The bit length for each SFI field per slot per serving cell is derived based on the configuration.
3. UE behavior for overwriting rules
In the email discussion after last meeting, the overwriting rules were agreed for the semi-static DL/UL assignment, dynamic SFI, UE specific data transmission and the semi-statically configured measurement. However, the UE behaviors when there is a conflict between the broadcast transmission, sync, PRACH, RAR, UL data transmission without grant, CSI-RS/SSB based RRM measurement and the above mentioned conditions are not clear yet. 
1.1. UE behavior regarding SSB, PRACH, RAR and GF
Generally, the overwriting rules should be aligned with the previous agreements. The DL/UL slots/symbols in the cell-specific semi-static DL/UL assignment cannot be overwritten. That is to say, the SSB symbols cannot be singled in the UL slots/symbols, the PRACH shall not be configured in the DL slots/symbols, the UE does not monitor RAR in the UL slots/symbols in connection mode, and the grant free transmission cannot be configured in the DL slots/symbols. For RAR, the UE behavior can be further categorized by the delivery of the cell-specific DL/UL assignment. For initial access, if the cell-specific DL/UL assignment is carried in the RMSI, then UE does not monitor RAR in the UL slots/symbols. If it is carried in the other signals, such as OSI, the UE does not know the DL/UL configuration of the cell, then UE monitors all the slots/symbols, no matter they are DL or UL.
For the unknown slots/symbols in the cell-specific semi-static DL/UL assignment, they can be overwritten by the SSB, PRACH, or the grant free transmission. That is to say, UE considers SSB symbols as DL symbols, PRACH symbols as UL symbols unless PRACH collides with SSB. Grant free can be configured in the unknown slots/symbols. For initial access, the UE does not monitor RAR in the unknown slots/symbols if the cell-specific semi-static DL/UL assignment is signaled in the RMSI. Otherwise, UE will monitor all the slots for RAR until OSI is decoded. For connection mode, UE does not monitor RAR in the unknown slots/symbols.
For the DL/UL slots/symbols in the UE-specific semi-static DL/UL assignment, they are generally obtained by overwriting the unknown slots/symbols in the cell-specific semi-static DL/UL assignment. Therefore, they cannot overwrite the SSB symbols and PRACH symbols which are transmitted or configured in the unknown slots/symbols in the cell-specific semi-static DL/UL assignment. In addition to these cases, the DL/UL slots/symbols cannot be overwritten, e.g., the UE does not monitor RAR in the UL slots/symbols, and the grant free transmission cannot be configured in the DL slots/symbols.
For the unknown slots/symbols in the UE-specific semi-static DL/UL assignment, they can be overwritten by the SSB, PRACH, or the grant free transmission. That is to say, UE considers SSB symbols as DL symbols, PRACH symbols as UL symbols unless PRACH collides with SSB. Grant free can be configured in the unknown slots/symbols. The UE does not monitor RAR in the unknown slots/symbols.

For the DL/UL slots/symbols in the dynamic SFI, they cannot overwrite the SSB symbols and PRACH symbols which are transmitted or configured in the unknown slots/symbols in the semi-static DL/UL assignment. In addition to these cases, the DL/UL slots/symbols cannot be overwritten, e.g., the UE does not monitor RAR in the UL slots/symbols, and the grant free transmission cannot be configured in the DL slots/symbols. 
For the unknown slots/symbols in the dynamic SFI, they can be overwritten by the SSB, PRACH, or the grant free transmission. That is to say, UE considers SSB symbols as DL symbols, PRACH symbols as UL symbols unless PRACH collides with SSB. Grant free can be configured in the unknown slots/symbols. The UE does not monitor RAR in the unknown slots/symbols.
Regarding the grant free configuration in the unknown slots/symbols, the transmission of the UL data in these configured resources may depend on different conditions: 

Alt 1: grant free data can be transmitted when the unknown slots/symbols are not overwritten to DL by other signaling (e.g., UE-specific higher layer signaling, or dynamic SFI)

Alt 2: grant free data can be transmitted when the unknown slots/symbols are overwritten to UL by other signaling (e.g., UE-specific higher layer signaling, or dynamic SFI)

For Alt 1, the grant free resources configured in the unknown slots/symbols can be fully used. However, the miss detection of the UE-specific higher layer signaling or dynamic SFI will lead to the conflict of the transmission. A gNB may overwrite the semi-static unknown slots/symbols to the DL slots/symbols and transmit DL data. If the UE misses the dynamic SFI and transmits grant free data, neither gNB nor UE can correctly transmit or receive their data. For Alt 2, the above mentioned issues do not exist, but the UE can only transmit when the unknown slots/symbols are overwritten to UL direction. Even if there is no other transmissions in the unknown slots/symbols, the UE still cannot transmit the grant free data, which is not as efficient as Alt 1.
Proposal 2: The following overwriting rules or UE behaviors are defined:

· Semi-static DL slots/symbols in cell-specific semi-static DL/UL assignment cannot be overwritten by PRACH configuration and grant free transmission.
· UE does not monitor SSB in the semi-static UL slots/symbols in cell-specific semi-static DL/UL assignment.
· PRACH configured in unknown resources given by cell-specific semi-static DL/UL assignment cannot be overwritten to DL slots/symbols by the UE-specific semi-static DL/UL assignment or dynamic SFI.

· SSB configured/detected in unknown resources given by cell-specific semi-static DL/UL assignment cannot be overwritten to UL slots/symbols by the UE-specific semi-static DL/UL assignment or dynamic SFI.

· DL slots/symbols in the UE-specific semi-static DL/UL assignment or dynamic SFI cannot be overwritten by grant free configuration.
· The unknown symbols can be overwritten by SSB, PRACH, and grant free transmission.
· FFS the rules when SSB collides with PRACH.

Proposal 3: Two alternatives can be considered for grant free data transmission in the unknown resources:
· Alt 1: grant free data can be transmitted when the unknown slots/symbols are not overwritten to DL by other signaling.
· 
Alt 2: grant free data can be transmitted when the unknown slots/symbols are overwritten to UL by other signaling.
1.2. PDCCH monitoring behaviour in unknown resources
Considering the UE power saving issue, in the semi-static unknown resources, UE does not monitor PDCCH (including RAR and regular scheduling grants) unless the unknown resources are overwritten to DL. If the unknown resources are overwritten by dynamic SFI to DL, UE should monitor PDCCH in the DL slots/symbols. But if UE misses the dynamic SFI, then the unknown resources are still considered as unknown.
Proposal 4: UE does not monitor PDCCH (including RAR and regular scheduling grants) in unknown resources unless the unknown resources are overwritten to DL
Proposal 5: If the UE does not detect the SFI in a configured SFI monitoring occasion, the UE assumes the unknown resources given by semi-static configuration are still unknown, and no PDCCH monitoring happens. 
1.3. UE behavior regarding RRM measurement
During the email discussion, the UE behavior for CSI-RS/SSB based RRM measurement in conflict scenarios is not decided yet. In this section, we discuss the UE behavior regarding the RRM meansurement  for serving cell and neighboring cells.
For serving cell, the RRM is allowed to be measured in the DL slots/symbols and unknown slots/symbols configured by semi-static DL/UL assignment or dynamic SFI.

In case the SS block or CSI-RS for RRM measurement are transmitted in different time instance between serving and neighbor cells, it would happen that, at a time instance for a UE to measure neighbor cell RRM, the transmission direction for its serving cell is UL or unknown and hence collision between serving cell UL transmission and neighbor cell RRM. How to handle such collision should be discussed.
One option is to cancel the neighboring cell RRM measurement which colide with the serving cell UL slots/symbols. However, if there is no UL transmission in the UL slots/symbols, the RRM measurement opportunity will be reduced. Therefore, UE should be allowed to perform neighboring cell RRM measurement in the serving cell UL slots/symbols depending on the UL data transmission. If there is no UL data transmission, the UE performs RRM measurement. If there is data transmission scheduled in the UL slots/symbols, the RRM measurement is then cancelled.  Similarly UE is allowed to perform neighboring cell RRM measurement if there is no UE-specific UL data scheduled in the unknown slots/symbols. 
Proposal 6: Neighboring cell RRM measurement is allowed to be performed in the serving cell UL/unknown slots/symbols when there is no UL data scheduled.

Proposal 7: UE cancels the neighboring cell RRM measurement in the serving cell UL/unknown slots/symbols when there is UL data scheduled.
4. Conclusion

In this contribution, we discussed the scalable SFI and the UE behavior when the DL/UL assignment is conflict with the SSB, PRACH, RAR, grant free transmission and RRM measurement. The following proposals are given:
Proposal 1: Network can configure a subset of entries from the specified [256] entries for SFI indication per UE per serving cell. The bit length for each SFI field per slot per serving cell is derived based on the configuration.
Proposal 2: The following overwriting rules or UE behaviors are defined:

· Semi-static DL slots/symbols in cell-specific semi-static DL/UL assignment cannot be overwritten by PRACH configuration and grant free transmission.

· UE does not monitor SSB in the semi-static UL slots/symbols in cell-specific semi-static DL/UL assignment.
· PRACH configured in unknown resources given by cell-specific semi-static DL/UL assignment cannot be overwritten to DL slots/symbols by the UE-specific semi-static DL/UL assignment or dynamic SFI.

· SSB configured/detected in unknown resources given by cell-specific semi-static DL/UL assignment cannot be overwritten to UL slots/symbols by the UE-specific semi-static DL/UL assignment or dynamic SFI.

· DL slots/symbols in the UE-specific semi-static DL/UL assignment or dynamic SFI cannot be overwritten by grant free configuration.
· The unknown symbols can be overwritten by SSB, PRACH, and grant free transmission.

· FFS the rules when SSB collides with PRACH.

Proposal 3: Two alternatives can be considered for grant free data transmission in the unknown resources:


Alt 1: grant free data can be transmitted when the unknown slots/symbols are not overwritten to DL by other signaling.


Alt 2: grant free data can be transmitted when the unknown slots/symbols are overwritten to UL by other signaling.

Proposal 4: UE does not monitor PDCCH (including RAR and regular scheduling grants) in unknown resources unless the unknown resources are overwritten to DL
Proposal 5: If the UE does not detect the SFI in a configured SFI monitoring occasion, the UE assumes the unknown resources given by semi-static configuration are still unknown, and no PDCCH monitoring happens. 
Proposal 6: Neighboring cell RRM measurement is allowed to be performed in the serving cell UL/unknown slots/symbols when there is no UL data scheduled.

Proposal 7: UE cancels the neighboring cell RRM measurement in the serving cell UL/unknown slots/symbols when there is UL data scheduled.
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