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Introduction
Related to the contents of group common PDCCH, the following agreements were made for ‘slot format related information’ (SFI). In this contribution, we further discuss remaining open issues for the SFI contents in addition to what was already agreed. 
RAN1 NR AdHoc#1
Agreements:
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
RAN1#89
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
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission
SFI Contents
Slot formats
In addition to the already agreed ‘DL’ and ‘UL’, ‘other’ field in slot format indicator is extended to ‘Unknown’. Given FDD has fixed directions for each spectrum, we can first focus on TDD use case. Based on the agreement in RAN1 NR Ad-Hoc#1, UE should be able to derive which symbols in a slot that are ‘DL’, ‘UL’, ‘Unknown’ and potentially ‘other’. It is natural to see what kinds of slot format is allowed in NR TDD operation first. First, DL centric slot and UL centric slot for the middle data region in TDD slot format as shown in Figure 1.


Figure 1: An example of TDD slot format (DL or UL centric)
In addition to DL centric slot and UL centric slot, there can be a slot format with DL only having delayed ACK/NACK response as shown in Figure 2.


Figure 2:An example of TDD slot format with DL only
Similarly UL only slot is also allowed as shown in Figure 3.


Figure 3:An example of TDD slot format with UL only
If there is no DL/UL data scheduled in the data region, it can be ‘empty’ in the data region as shown in Figure 4.


Figure 4: An example of TDD slot format with empty data region
Similarly DL control region and/or UL control region can also be empty.
It is important to have GC PDCCH design against future compatibility including NR operation (e.g., unlicensed spectrum). In order to be future-proof, we should have the way to reserve the slot for other applications to share the spectrum, i.e., to have forced blanking of the slot (independent of DL or UL). ‘Unknown’ field is expected to fulfil this purpose. Blanking resolution can be data region only or including DL control region (except the GC PDCCH if present in the same slot) and UL control region. Blanking means pre-configured periodic DL/UL signaling should be DTXed. Periodic signaling can include CSI-RS, SS block, SPS, SRS, CSI, TRS and etc.


Figure 5: An example of reserved slot format (TDD)
In summary, the slot formats discussed above should be indicated by the SFI. It is quite clear that there are symbols without any transmission (including the gap symbol between DL and UL transition) and these symbols are different from the symbols indicated by ‘unknown’ since it is known to be ‘empty’ from this cell perspective. Therefore, it is proposed to add ‘empty’ as one of ‘other’.
Proposal 1:.In addition to already agreed ‘unknown’, introduce ‘empty’ as one of ‘other’ for ‘slot format related information’.
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission
If we support the full flexibility for all the possible combination of the slot formats, we need to indicate 4 (‘DL’,’UL’,’unknown’,’empty’)^14 (symbols) = 268435456 combinations, which requires 28 bits. On the other hand, not all the combinations may be valid or needed.
Proposal 2: ‘slot format related information’ should at least support indicating the following slot formats[footnoteRef:2] (additional slot formats may be added). [2:  2 or 3 DL control region, 1 or 2 UL control region and 1 symbol gap from DL to UL transition are assumed.] 

· DL centric slot
· 12 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 11 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL symbols
· UL centric slot
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 11 ‘UL’ symbols
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 10 ‘UL symbols
· DL only slot
· 14 ‘DL’ symbols
· UL only slot
· 14 ‘UL’ symbols
· Slots including ‘empty’ in addition to the gap (‘empty’ in any of DL control, DL data, UL data, UL control)
· 2 ‘empty’ symbols + 10 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 3 ‘empty’ symbols + 9 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 2 ‘empty’ symbols + 9 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL’ symbols
· 3 ‘empty’ symbols + 8 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 11 ‘empty’ symbols + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 10 ‘empty’ symbols + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 10 ‘empty’ symbol + 2 ‘UL symbols
· 3 ‘DL’ symbols + 9 ‘empty’ symbol + 2 ‘UL symbols
· 12 ‘DL’ symbols + 2 ‘empty’ symbols
· 11 ‘DL’ symbols + 3 ‘empty’ symbols
· 13 ‘empty’ symbols + 1 ‘UL’ symbol
· 12 ‘empty’ symbols + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 12 ‘empty’ symbols
· 3 ‘DL’ symbols + 11 ‘empty’ symbols
· 2 ‘empty’ symbols + 10 ‘DL’ symbols + 2 ‘empty’ symbols
· 3 ‘empty’ symbols + 9 ‘DL’ symbols + 2 ‘empty’ symbols
· 2 ‘empty’ symbols + 9 ‘DL’ symbols + 3 ‘empty’ symbols
· 3 ‘empty’ symbols + 8 ‘DL’ symbols + 3 ‘empty’ symbols
· 3 ‘empty’ symbols + 11 ‘UL’ symbols
· 4 ‘empty’ symbols + 10 ‘UL’ symbols
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 10 ‘UL’ symbols + 1 ‘empty’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 9 ‘UL’ symbols + 1 ‘empty’ symbol
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 9 ‘UL’ symbols + 2 ‘empty’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 8 ‘UL’ symbols + 2 ‘empty’ symbol
· 3 ‘empty’ symbols + 10 ‘UL’ symbols + 1 ‘empty’ symbol
· 4 ‘empty’ symbols + 9 ‘UL’ symbols + 1 ‘empty’ symbol 
· 3 ‘empty’ symbols + 9 ‘UL’ symbols + 2 ‘empty’ symbol
· 4 ‘empty’ symbols + 8 ‘UL’ symbols + 2 ‘empty’ symbol 
· 2 ‘empty’ symbols + 12 ‘DL’ symbols
· 3 ‘empty’ symbols + 11 ‘DL’ symbols
· 13 ‘UL’ symbols + 1 ‘empty’ symbol
· 12 ‘UL’ symbols + 2 ‘empty’ symbols
· 14 ‘empty’ symbols
· Unknown
· Data region only
· 2 ‘DL’ symbols + 10 ‘unknown + 1 ‘empty’ + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 9 ‘unknown + 1 ‘empty’ + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 9 ‘unknown + 1 ‘empty’ + 2 ‘UL’ symbols
· 3 ‘DL’ symbols + 8 ‘unknown + 1 ‘empty’ + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 1 ‘empty’ + 10 ‘unknown + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ + 9 ‘unknown + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 1 ‘empty’ + 9 ‘unknown + 2 ‘UL’ symbols
· 3 ‘DL’ symbols + 1 ‘empty’ + 8 ‘unknown + 2 ‘UL’ symbols
· Data and control regions
· 1 ‘DL’ symbol + 13 ‘unknown’ symbols (assuming GC PDCCH is on the 1st symbol only)
· 2 ‘DL’ symbols + 12 ‘unknown’ symbols (assuming GC PDCCH is on the 1st and 2nd symbols)
· 14 ‘unknown’ symbols
Therefore, total 50 combinations of slot formats were identified for a single slot. If all the slot formats are used, 6 bits are necessary to indicate the slot format for a single slot. Since not all the formats may be utilized by the NW for a given deployment, a subset of slot formats may be selected by the NW.
Multi-slot indication
During RAN1#89, it was agreed that the SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots.
If NW needs to indicate independent slot formats for K slots, we need K times X bits assuming the use of X bits for each slot. On the other hand, we can also save the number of bits if we restrict that the indicated slots have the same slot formats. In this case, the number of slots can be indicated together with the slot formats. The former approach is more flexible but it will require larger number of payload for GC PDCCH. The latter approach is more restrictive but it can save the number of payload. It is proposed to allow both options so that NW can configure a preferred way to indicate the slots formats for multi-slots within the allowed number of payload for GC PDCCH. 
Proposal 3: NW can configure
· A subset of slot formats among the allowed slot formats
· Multi-slot indicator mode (1: independent slots, 2: repeated slots)
· Max number of slots for indication
within the max allowed number of payload for GC PDCCH.
Conclusions
We have discussed remaining open issues for the SFI contents in addition to what was already agreed. 
The following proposals have been made:
Proposal 1:.In addition to already agreed ‘unknown’, introduce ‘empty’ as one of ‘other’ for ‘slot format related information’.
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission
Proposal 2: ‘slot format related information’ should at least support indicating the following slot formats (additional slot formats may be added).
· DL centric slot
· 12 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 11 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL symbols
· UL centric slot
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 11 ‘UL’ symbols
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 10 ‘UL symbols
· DL only slot
· 14 ‘DL’ symbols
· UL only slot
· 14 ‘UL’ symbols
· Slots including ‘empty’ in addition to the gap
· 2 ‘empty’ symbols + 10 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 3 ‘empty’ symbols + 9 ‘DL’ symbols + 1 ‘empty’ symbol + 1 ‘UL’ symbol
· 2 ‘empty’ symbols + 9 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL’ symbols
· 3 ‘empty’ symbols + 8 ‘DL’ symbols + 1 ‘empty’ symbol + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 11 ‘empty’ symbols + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 10 ‘empty’ symbols + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 10 ‘empty’ symbol + 2 ‘UL symbols
· 3 ‘DL’ symbols + 9 ‘empty’ symbol + 2 ‘UL symbols
· 12 ‘DL’ symbols + 2 ‘empty’ symbols
· 11 ‘DL’ symbols + 3 ‘empty’ symbols
· 13 ‘empty’ symbols + 1 ‘UL’ symbol
· 12 ‘empty’ symbols + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 12 ‘empty’ symbols
· 3 ‘DL’ symbols + 11 ‘empty’ symbols
· 2 ‘empty’ symbols + 10 ‘DL’ symbols + 2 ‘empty’ symbols
· 3 ‘empty’ symbols + 9 ‘DL’ symbols + 2 ‘empty’ symbols
· 2 ‘empty’ symbols + 9 ‘DL’ symbols + 3 ‘empty’ symbols
· 3 ‘empty’ symbols + 8 ‘DL’ symbols + 3 ‘empty’ symbols
· 3 ‘empty’ symbols + 11 ‘UL’ symbols
· 4 ‘empty’ symbols + 10 ‘UL’ symbols
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 10 ‘UL’ symbols + 1 ‘empty’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 9 ‘UL’ symbols + 1 ‘empty’ symbol
· 2 ‘DL’ symbols + 1 ‘empty’ symbol + 9 ‘UL’ symbols + 2 ‘empty’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ symbol + 8 ‘UL’ symbols + 2 ‘empty’ symbol
· 3 ‘empty’ symbols + 10 ‘UL’ symbols + 1 ‘empty’ symbol
· 4 ‘empty’ symbols + 9 ‘UL’ symbols + 1 ‘empty’ symbol 
· 3 ‘empty’ symbols + 9 ‘UL’ symbols + 2 ‘empty’ symbol
· 4 ‘empty’ symbols + 8 ‘UL’ symbols + 2 ‘empty’ symbol 
· 2 ‘empty’ symbols + 12 ‘DL’ symbols
· 3 ‘empty’ symbols + 11 ‘DL’ symbols
· 13 ‘UL’ symbols + 1 ‘empty’ symbol
· 12 ‘UL’ symbols + 2 ‘empty’ symbols
· 14 ‘empty’ symbols
· Unknown
· Data region only
· 2 ‘DL’ symbols + 10 ‘unknown + 1 ‘empty’ + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 9 ‘unknown + 1 ‘empty’ + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 9 ‘unknown + 1 ‘empty’ + 2 ‘UL’ symbols
· 3 ‘DL’ symbols + 8 ‘unknown + 1 ‘empty’ + 2 ‘UL’ symbols
· 2 ‘DL’ symbols + 1 ‘empty’ + 10 ‘unknown + 1 ‘UL’ symbol
· 3 ‘DL’ symbols + 1 ‘empty’ + 9 ‘unknown + 1 ‘UL’ symbol
· 2 ‘DL’ symbols + 1 ‘empty’ + 9 ‘unknown + 2 ‘UL’ symbols
· 3 ‘DL’ symbols + 1 ‘empty’ + 8 ‘unknown + 2 ‘UL’ symbols
· Data and control regions
· 1 ‘DL’ symbol + 13 ‘unknown’ symbols (assuming GC PDCCH is on the 1st symbol only)
· 2 ‘DL’ symbols + 12 ‘unknown’ symbols (assuming GC PDCCH is on the 1st and 2nd symbols)
· 14 ‘unknown’ symbols
Proposal 3: NW can configure
· A subset of slot formats among the allowed slot formats
· Multi-slot indicator mode (1: independent slots, 2: repeated slots)
· Max number of slots for indication
within the max allowed number of payload for GC PDCCH.
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