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Introduction
In the 3GPP RAN1#90bis meeting, the following agreements were made on group common PDCCH for slot format indication [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 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:
· GC-PDCCH for SFI is associated with a SFI RNTI by configuration
Further during the email discussion, the following agreements were made on GC-PDCCH decoding and overwriting rule 
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

Agreements:
· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 
· For DL resources indication, the signaling include:
· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}
· For UL resource indication, the signaling include:
· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 
· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 
· The resource(s) in a period between DL and UL segments are unknown resources.
· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:
· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 
· The signaling includes the indication as per slot basis, the signalling includes:
· Number of DL symbol(s) (y3) in the beginning of slot No.x3
· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4
· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).
· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.
· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 

In this contribution, we present the discussion on the remaining issues of the group common PDCCH.

Discussion
Structure
The payload size of the SFI have large impact on the structure of the GC-PDCCH. It has been agreed that the payload length can be configurable when UE is configured to perform SFI monitoring. It is argued that when the payload of the SFI is equal or less than 11 bits, LTE RM encoding scheme should be adopted, while when the payload of the SFI is larger than 11 bits, regular PDCCH structure with CRC should be adopted. In our understanding, although the maximum entries in the slot format table of the single slot is 256 which means up to 8 bits is required to indicate the slot format for single slot, it is beneficial to possibly adding the padding bits to align the DCI size to reduce the blind decoding effort. Meanwhile, CRC is important to guarantee the reception performance of the GC-PDCCH. Thus, it is preferred to adopt the regular NR-PDCCH structure with CRC attachment for the GC-PDCCH of SFI.
Proposal 1: The group common PDCCH is transmitted using a NR-PDCCH structure.

Regarding the monitoring of the GC-PDCCH, it is suggested that the payload size of the GC-PDCCH is aligned with the PDCCH serves for other common control purpose, thus no additional search space needs to be defined for the monitoring of GC-PDCCH. Meanwhile, the number of blind decoding of the GC-PDCCH should be counted towards the budget e.g, 44 blind decodes for the 15kHz SCS.
Proposal 2: The number of blind decoding for the GC-PDCCH should be counted towards the budget e.g, 44 blind decodes for the 15kHz SCS.

Overwriting rule
During the email discussion, the framework of the overwriting rule has been stabled. One of the remaining issues is whether the DL/UL direction indicated by UE-specific DCI can be overwritten by the   “Unknown” state indicated in the dynamic SFI. In our understanding, DL/UL direction indicated by UE-specific DCI should be allowed to be changed to the “Unknown” state indicated by a later coming dynamic SFI. This can bring the benefits to reduce the latency for the UEs supporting the latency critical service such as URLLC especially considering the support of multi-slots or cross-slot scheduling as illustrated in Fig.1. Suppose a UE1 is scheduled for a DL transmission for K slots, while it is configured to monitor the dynamic SFI within the UE1’s scheduling occasions. gNB should be able  to change the slot format due to the arrival of UE2’s URLLC service, then the dynamic SFI can inform UE1 that the slot format will be changed to “Unknown” so UE1 can hold its reception.
[image: ]
Figure 1: illustration of the overwriting

Proposal 3: UE-specific data can be overwritten by “unknown” in later arriving dynamic SFI
· UE behavior will be the cancellation of the data reception or data related transmission

Another issue is how the timing can influence the overwriting rule. The overwriting rule for different types of signaling has been agreed basically. For the same type of signaling, the overwriting rule should be defined as well. In our understanding, it is natural that latest gNB command always take the priority on determine the slot format as gNB should be able to decide the slot structure based on the latest information.
For the UE-specific higher layer signalling on semi-static DL/UL assignment, the latest semi-static assignment works after the RRC signaling re-configuration.
For the slot format implied by the UE-specific DCI, the latest DCI determines the slot format to reduce the possible latency.
For the slot format indicated in the dynamic SFI, it is FFS that whether the length of each entry in the UE-specific configured table can be a multiple of configured GC-PDCCH monitoring period. It is possible that the slot format of a slot is indicated by more than one dynamic SFI. As illustrated in Fig.2, UE is configured to monitor GC-PDCCH for SFI every second slot. The dynamic SFI in slot 1 indicates consecutive 4 DL only slots, while the dynamic SFI in slot 3 changes the slot formats for the following 2 slots. Although it is not clear to us the benefit of introducing this kind of design, it seems reasonable the latest dynamic SFI decides the slot format.
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Figure 2: Dynamic SFI overwritten by later dynamic SFI

Proposal 4: UE follows the slot formats indicated in the latest signaling in case of the conflicting between the same types of signaling.

UE behavior when group common PDCCH is not detected (erasure)
During the email discussion, there was extensive discussion on the UE behavior when UE misses the detection of the group common PDCCH on the configured monitoring occasions. Basically, two UE behaviors are considered:
· Option 1: Treat the erasure as dynamic SFI “unknown”, so PDCCH monitoring will be skipped
· Option 2: Treat the erasure as if the SFI is not transmitted, and UE behavior follows other mechanisms, for example, UE follows the slot format indicated by the semi-static signaling
As discussed in previous section, it is preferred to use regular NR-PDCCH structure for GC-PDCCH, the detection performance can be guaranteed. If the UE miss the detection of the GC-PDCCH, UE should treat this as SFI is not transmitted, and then UE follows the slot format indicated by semi-static signaling or other mechanisms. However, the UE behavior on the “Unknown” state indicated in the semi-static signaling should be clarified. In our understanding, there is no need to have PDCCH monitoring in the symbols indicated as “Unknown” unless otherwise overwritten by other mechanisms.
Proposal 5: If the UE miss the detection of the GC-PDCCH, UE should treat this as SFI is not transmitted.



Conclusions
In this contribution, we present the discussion on remaining issues of the group common PDCCH. Based on our analysis, we have the following proposals:
Proposal 1: The group common PDCCH is transmitted using a NR-PDCCH structure.

Proposal 2: The number of blind decoding for the GC-PDCCH should be counted towards the budget e.g, 44 blind decodes for the 15kHz SCS.

Proposal 3: UE-specific data can be overwritten by “unknown” in later arriving dynamic SFI
· UE behavior will be the cancellation of the data reception or data related transmission

Proposal 4: UE follows the slot formats indicated in the latest signaling in case of the conflicting between the same types of signaling.

Proposal 5: If the UE miss the detection of the GC-PDCCH, UE should treat this as SFI is not transmitted.
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