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1. Introduction

In last meeting, many agreements have been achieved on the design of SFI as listed in Appendix. In this contribution, we will provide some considerations on both semi-static and dynamic operations on TDD configurations.
2. Discussions 
Based on previous discussions and agreements, there are two types of operations on DL/UL operations: Semi-static UL/DL partition of all resources within a periodicity and dynamic UL/DL partition of all resources assigned as unknown in semi-static UL/DL configuration.
2.1 Switching point exists in a UL-DL switching periodicity for semi-static configuration
In order to support URLLC service, HARQ delay should be considered. For TDD system, the HARQ design is critical. Based on current agreements, one slot is consisted with 14 symbols and 2 switching point should be supported for URLLC service. However, it is not clear yet that two switching points should be supported in semi-static configuration and/or dynamic configuration. From the point of view of better supporting URLLC services, two switching points in one slot should be supported by semi-static DL/UL configuration.
Propose 1: two switching points in one slot should be supported by semi-static DL/UL configuration.
Two methods could be used to configure semi-static DL/UL configuration: cell-specific high layer signaling and UE specific high layer signaling. For the cell-specific higher layer signaling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. And only one switching point is supported in cell-specific DL/UL assignment. According to the agreements in last meeting for UE-specific higher layer signaling, the signaling is slot basis and it contains only one switching points in one slot. 
In order to support multiple switching points in one slot for semi-static DL/UL configuration, there are mainly two ways. One is to use single slot table in SFI to directly indicate slot format for UE-specific DL/UL configuration. The other way is to specify extra information to indicate multi switching points in one slot for UE-specific DL/UL configuration. From the point view of system operation, semi-static two switching points in one slot is not as flexible as dynamic SFI. Therefore, it is a better way to use single slot format table in SFI to indicate UE-specific DL/UL configuration. 
Proposal 2: Multiple switching points in single slot should be supported by UE-specific semi-static DL/UL configuration.
2.2 Single slot format table for normal CP
Single slot format table has three parts: downlink, unknown and uplink. Single slot format table for NR could be based on the design of special subframe in LTE and includes full downlink and full uplink configuration. Such operation could ensure the backward compatibility with LTE. Considering that LTE special subframe design supports only 2 uplink symbols at most, and NR should also consider uplink dominant services, more uplink symbols should be included in a slot. A mirror swap can put on the existing downlink and uplink symbols in LTE special subframe. Then, both downlink dominant and uplink dominant services could be well supported. 
Based on the agreements, slot formats with multiple switching points should be supported additionally. In slot format table, the same structure could be used for both single and multi-switching points, except for the length of switching periodicity. In order to support 2 switching point in one slot, 7 symbols could be seen as a switching periodicity. Considering the potential SS block transmission, if #2~#5 is assigned for SS block, there will be no uplink symbol in the first 7 symbols. Therefore, #8~#11 should be set for downlink to support SS block transmission. Then, #12 should be set for unknown symbol and #13 should be set for uplink symbol. Given the length of unknown symbol in the front 7 symbols and the back 7symbols should be the same, #1~#5 could be set unknown to fit different service type. Table 1 gives an example design for single slot format table for normal CP.
Table 1 Single slot format for normal CP
	Index
	Downlink
	Unknown
	Uplink
	Index
	Downlink
	Unknown
	Uplink

	1
	14
	0
	0
	13
	1
	10
	3

	2
	3
	10
	1
	14
	1
	4
	9

	3
	9
	4
	1
	15
	1
	3
	10

	4
	10
	3
	1
	16
	1
	2
	11

	5
	11
	2
	1
	17
	1
	1
	12

	6
	12
	1
	1
	18
	2
	9
	3

	7
	3
	9
	2
	19
	2
	3
	9

	8
	9
	3
	2
	20
	2
	2
	10

	9
	10
	2
	2
	21
	2
	1
	11

	10
	11
	1
	2
	22
	(1,5)
	(1,1)
	(5,1)

	11
	0
	14
	0
	23
	(3,5)
	(1,1)
	(3,1)

	12
	0
	0
	14
	24
	--
	--
	--


2.3 Multi-slot format table
By defining multi-slot format table for SFI, dynamic TDD could be easily realized. According to the agreements in last meeting, SFI can only change the unknown part of semi-static configuration. If the multi-slot table design is referenced to the DL/UL configuration table in LTE, the configuration(s) in conflict with the semi-static configuration cannot be used. This will lead to a waste of SFI resource. One extreme case is that when all configurations in multi-slot format table are conflict with the DL/UL of the semi-static configuration, the SFI becomes invalid. Another flexible way is to configure the SFI multi-slot table by RRC higher layer signaling based on the slot format table. The disadvantage of this approach is the need for additional RRC signaling configuration before SFI are used. Considering the specification timeline, if consensus is hard to achieve on the design of multi-slot format table, multi-slot format dynamically configured by RRC signaling could be considered as a backup scheme.
Proposal 3: Multi-slot format table dynamically configured by RRC signaling could be used as a backup scheme.
3. Conclusion
In summary, the following proposals are provided for the operation of DL/UL configuration:
Propose 1: two switching points in one slot should be supported by semi-static DL/UL configuration.
Proposal 2: Multiple switching points in single slot should be supported by UE-specific semi-static DL/UL configuration.

Proposal 3: Multi-slot format table dynamically configured by RRC signaling could be used as a backup scheme.
Reference
 [1] Chairman notes for RAN1 #90bis in Prague
Appendix

In last meeting, the following agreements has been achieved related to SFI design[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:
· 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:

· 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. 

Agreements:

•
GC-PDCCH for SFI is associated with a SFI RNTI by configuration
There are also some agreements are achieved by email discussion on overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc:
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
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