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Introduction
It was agreed that DCI format 2_0 is used for notifying the slot format and scrambled by SFI-RNTI. There were some agreements for the SFI indication, while the contents of DCI format 2_0 are not stable in TS 38.212 [1]. In this contribution, we discuss the contents of DCI format 2_0 and some proposals for the contents are given. 
Discussion
The agreements related to SFI are listed as follows: 

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

NR AH #1709
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)

RAN1 #90bis
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:
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:
A reference SCS is signaled together with cell-specific DL/UL assignment link configured period in ms and configurated pattern (x1,x2,y1,y2) is slots/symbols
· For Rel 15, the same reference SCS is applied to UE-specific DL/UL assignment link configured period in ms and  configurated pattern (x3,x4,y3,y4) is slots/symbols
For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent
· For 15KHz SCS (slots based on 15kHz): 1,2,5,10,20
· For 30KHz SCS (slots based on 30kHz): 1, 2, 4, 5, 10, 20
· For 60KHz SCS(slots based on 60kHz): 1, 2, 4, 5, 8, 10, 20
· For 120KHz SCS(slots based on 120kHz): 1, 2, 4, 5, 10, 20

RAN1 AH #1801
Agreements:
· Explicitly add reference SCS field in UE-specific SFI table configuration
· The UE does not expect the reference SCS to have larger SCS than any of the configured BWP the GC-PDCCH is configured for
· The reference SCS is UE-specifically configured per cell (new RRC parameter)
· For FR1: 15kHz/30kHz/60kHz
· For FR2: 60kHz/120kHz

From the above agreements, we can see that SFI for slot format indication has the following characteristics:
· SFI can be used to indicate slot format for single carrier and multi-carriers
· Single carrier: 
· SFI can be used to indicate the slot format for one or more slots
· SFI can inform the UEs of the number of slots and the slot format(s) related information of those slots
· SFI includes the slot format index which is selected from a configured slot format table
· Multi-carriers:
· The same SFI can be applicable to more than one cell
· Different SFI fields in one GC-PDCCH can be applied to different cells
· gNB will configure the payload length
· gNB will configure the location of the bits used for the dynamic SFI in the payload
· SFI monitoring period: SCS dependent and selects from {1, 2, 4, 5, 8, 10, 20} slots
Since SFI can be used to indicate slot format of both single carrier and multi-carriers, we will discuss the contents of DCI format 2_0 in these two cases separately.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]SFI for single carrier
SFI monitoring period can be configured by gNB from {1, 2, 4, 5, 8, 10, 20} slots. Once configured, the SFI of each transmission should be able to indicate the slot format of all slots within the period. One example is shown in Figure 1. In this figure, SFI monitoring period is set to 4 slots. Then there is one GC-PDCCH with SFI is transmitted per 4 slot and each SFI is used to indicate the slot format of the slots within the monitoring period. For example, SFI in slot 1 is used to indicate the slot formats of slot 1-4, and SFI in slot 5 to indicate the slot format for slot 5-8, and so on.



[bookmark: _Ref506221228]Figure 1 Illustration of single carrier SFI indication
There is another possible configuration for SFI indication is that SFI is used to indicate more slots than the monitoring period. For example in Figure 1, the SFI in slot 1 is used to indicate the slot formats for slot 1-8, and slot 5 is used to indicate slot formats for slot 5-12. One possible benefit of this method is that in this case gNB has the flexibility to change the slot format especially for the later slot within the monitoring period by transmitting SFI in the later slots since later SFI can override the former SFI. While dynamic SFI is not the only way to change the slot format. It can also be changed or overridden by dynamic scheduling for UE-specific data transmission. Another drawback of this method is that the more slots the SFI indicated, the less accurate for the slot format indicating of later slots. Therefore, we propose that dynamic SFI is used to indicate slot formats for the slots within the monitoring period.
Proposal 1: Dynamic SFI is used to indicate slot formats for the slots within the monitoring period
How many slots the dynamic SFI is used to indicate depends on the configured monitoring period. For example, if the monitoring period is set to 1 slot, the dynamic SFI is used to indicate the slot format for single slot. If the monitoring period is set to 4 slots, the dynamic SFI is used to indicate the slot format for 4 consecutive slots, which is also called multi-slot SFI indication. The number of slots indicated by the SFI is implicitly indicated by the number of slot format entries which are selected from a configure SFI table.
Proposal 2: The number of slots indicated by dynamic SFI depends on configured SFI monitoring period.
The payload length of dynamic SFI is configured by gNB.  And also the monitoring period of dynamic SFI is also configured by eNB. Then gNB should promise that the payload length of dynamic SFI is equal or larger than the required bits to indicate the slot formats of all the slots within the monitoring period. Padding bits can be appended to the end of SFI in case the payload length of SFI is larger than required bits.

SFI for multi-carrier
It was agreed that dynamic SFI can be used for cross-carrier slot format indication. The same SFI can be used for more than one cells and different SFI fields in dynamic SFI can be applied to different cells. How to use SFI for cross-carrier slot format indication is detailed discussed in companion paper [2]. 
In Rel-15, up to 16 carriers are supported for carrier aggregation. For example, one primary carrier combined with 15 secondary carriers. If SFI is transmitted in primary carrier and used to indicate slot formats for all carriers, the number of bits of SFI is too larger. For example, each entry for indicating slot format is 6 bits, then the total number of bits of SFI to indicate all of the carriers are approximate 100bits even for single slot. Therefore, we propose that the number of carriers that a SFI can be applied to is configurable by gNB. 
Proposal 3: gNB can configure the number of carriers that a SFI is applied to and one bitmap of carrier index is indicated in SFI.
It is possible that the SCS of different carriers are different. Then the length of one slot of the carrier with small SCS corresponds to K slots of another carrier with larger SCS, where K is the ratio of SCS between carriers. To make the payload length of SFI irrespective of SCS and reduce the length of SFI, we propose that one SFI field of dynamic SFI is used to indicate the slot format of one slot of the carrier with small SCS, and another SFI field of dynamic SFI is used to indicate the slot formats of all slots which corresponds to the same slot of the carrier with small SCS [2]. 
Proposal 4: For cross-carrier SFI indication, each SFI field is used to indicate the slot format per carrier. The SFI field of the carrier with larger SCS is used to indicate K consecutive slots which correspond to the same slot of the carrier with small SCS and these K slots have same slot format. K is the SCS ratio between carriers.
One example of cross carrier slot format indication is shown in Figure 2. There are totally 8 carriers. The SCS of all carrier are 15kHz, except for CC3, whose SCS is 30kHz. SFI is transmitted in primary carrier (CC0) and is used to indicate the slot formats of all carriers. To reduce the payload length of per SFI, the slot format of the carriers are indicated by two separate SFIs: SFI 1 and SFI 2. SFI 1 is used to indicate the slot formats of carrier 0-3, and SFI 2 is for carrier 4-7. The monitoring period of SFI is configured to 2 slots. Each SFI is used to indicate the slot formats for different number of slots per carrier which corresponds to 4 consecutive slots of CC0. Since the SCS of CC3 is different with CC0, each 4 separate SFI fields in SFI 1 are used to indicate the slot formats for CC0-3. And the first 3 SFI fields are used to indicate the slot formats per slot for CC0-2, the last SFI field is for 2 consecutive slots for CC3 and these two slots have same slot format. One example of SFI contents is shown in Figure 3.




[bookmark: _Ref506221756]Figure 2 Illustration of cross-carrier SFI indication





[bookmark: _Ref506221847]Figure 3 Example for SFI contents
The advantages of this kind of SFI indication and configuration are summarized as follows:
· The slot format indication for all carriers are carried by several separate SFI so that the payload length of each SFI is relative less and the decoding performance can be promised.
· The payload length of each SFI is fixed in spite that the SCS of different carriers maybe different. 
· gNB can configure same payload length for each SFI. If number of carriers indicated by different SFI is different, padding bits can be appended to the SFI with less number of carriers.
· SFI can be used to indicate slot formats of multi-carriers and one bitmap of carriers is used to indicate the carriers that the SFI is applied to.
· The number of slots that SFI can be applied to depends on the SFI monitoring period.
Conclusions
In this contribution, how to use SFI to indicate slot format for single carrier and multi-carrier is discussed. The following proposals summarize our views.
· Single carrier SFI indication
· Proposal 1: Dynamic SFI is used to indicate slot formats for the slots within the monitoring period
· Proposal 2: The number of slots indicated by dynamic SFI depends on configured SFI monitoring period.
· Multi-carrier SFI indication
· Proposal 3: gNB can configure the number of carriers that a SFI is applied to and one bitmap of carrier index is indicated in SFI.
· Proposal 4: For cross-carrier SFI indication, each SFI field is used to indicate the slot format per carrier. The SFI field of the carrier with larger SCS is used to indicate K consecutive slots which correspond to the same slot of the carrier with small SCS and these K slots have same slot format. K is the SCS ratio between carriers.

Based on the above proposals, we suggest the following contents for DCI format 2_0, which is used for SFI indication. gNB can configure the payload length of DCI format 2_0 for single carrier or multi-carrier slot format indication separately. For multi-carrier SFI indication, gNB can configure multiple SFIs which are combined to indicate the slot formats of all carrier by configuring SFI monitoring period and number of carriers indicated by per SFI. 

Table 1 DCI format 2_0 for single carrier SFI indication
	Field
	Comment 

	Identifier for DCI formats – [1] bits
	

	SFI 1, SFI 2, … , SFI N
	· N is number of slots within SFI monitoring period.
· Each SFI entry is selected from configured SFI table


Note: padding bits will be appended to the end of SFI payload if gNB configured SFI payload length is larger than required bits to indicate the slot format of all slots within monitoring period

Table 2 DCI format 2_0 for multi-carrier SFI indication
	Field
	Comment 

	Identifier for DCI formats – [1] bits
	

	Bitmap for carriers indicated by the SFI – [X] bits
	· X is number of carriers that gNB can support

	SFI 1, SFI 2, … , SFI Y, SFI Y+1, SFI Y+2, …, SFI K*Y
	· Y is number of carriers the SFI is applied to which is indicated by carrier bitmap.
· K is number of slots the SFI is applied to corresponding to the configured reference SCS.
· Each SFI entry is selected from configured SFI table
· The first Y SFI fields are applied to Y carriers for the first slot, and second Y SFI fields are for the second slot, and so on.


Note: padding bits will be appended to the end of SFI payload if gNB configured SFI payload length is larger than required bits to indicate the slot format of the configured number of carriers and configured number of slots
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