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1 Introduction  
For Group-common PDCCH, in previous RAN1 meetings, some agreements were reached.
Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication

· The frequency region of the reference downlink resource is configured semi-statically

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The time region of the reference downlink resource is configured semi-statically 

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.

· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication

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)

Agreements:
· Confirm the following WA 

· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration

Agreements:(90bis)
· 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:(90bis)
· 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:(90bis)
· 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:(90bis)
· 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:(90bis)
· 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:(90bis)
· For the UE specific single-slot/multi-slot set 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:(90bis)
· 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:(90bis)
· 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:(90bis)
· 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:(90bis)
GC-PDCCH for SFI is associated with a SFI RNTI by configuration 
In this contribution, we discuss our view on the contents for the group-common PDCCH as well as some remaining issues.

2 SFI contents
To facilitate discussion, slot formats for one slot can be considered first.  Multi-slot indication can then be discussed. The former can be the basis of the latter.   

2.1 Slot formats

It was agreed that SFI table can be configured by UE-specific RRC signal. Still, we need to discuss how to choose SFI indication entries for that table for each UE from the RRC table.

For group common PDCCH (GC PDCCH) SFI, it has been agreed to indicate ‘DL’, ‘UL’ and ‘Unknown’. It was also agreed that ‘Empty’ is not explicitly indicated. Instead, RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’. 

For ‘Reserved’, we believe there is no need to introduce ‘Reserved’ state into SFI. If the ‘Unknown’ is not overridden by UE-specific DCI, the ‘Unknown’ is just the same meaning as ‘Reserved’. For both uncertain OFDM symbol(s) and reserve OFDM symbol(s), indication of ‘Unknown’ is sufficient. Three states ‘DL’, ‘UL’, and ‘Unknown’ in SFI can cover all the cases.

Proposal 1: NR does not introduce ‘Reserved’ state into SFI.

If we support the full possibility of all combinations of symbol arrangement in slot formats, we need to indicate 3 (‘DL’, ’UL’, ’unknown’) ^14 (symbols) = 4782969 combinations. This requires 23 bits. The overhead would be too large. Not all the combinations may be valid or needed. For different use cases or different scenarios, the suitable candidate formats maybe different. Moreover, for a particular use case or scenario, the suitable formats have same properties. Based on this, we can classify them into several format types, as follow:

· Type1: ‘DL’-heavy formats 

· Type2: ‘UL’-heavy formats

· Type3: ‘Unknown’-heavy formats

For Type1 formats, the focus is ‘DL’ OFDM symbol number and location. So, only ‘DL’ domain was dynamically indicated by the SFI, the ‘Unknown’ OFDM symbol location and number can be semi-statically configured by RRC signaling. This type is suitable for the scenario that focuses on the DL transmission. It’s not needed to dynamically change number ‘Unknown’ OFDM symbols, and which mainly used for ‘gap for DL-UL switching’. Construction of this type is x ‘DL’ OFDM symbol(s) firstly, and then k ‘Unknown’ OFDM symbol(s). (14-k-x) ‘UL’ OFDM symbol(s) at the end. As a special case, 14 ‘DL’ can also be in this type.

For Type2 formats, very similar to Type1, but the focus goes to UL transmission. 

For Type3 formats, it supports various numbers of ‘Unknown’ symbol number and different locations. 14 ‘Unknown’ symbols can also be support into this type.

Table 1: Example for Type1

	SFI Index
	X value
	Slot format

	0
	7
	[D D D D D D D Un U U U U U U]

	1
	8
	[D D D D D D D D Un U U U U U]

	2
	9
	[D D D D D D D D D Un U U U U]

	3
	10
	[D D D D D D D D D D Un U U U]

	4
	11
	[D D D D D D D D D D D Un U U]

	5
	12
	[D D D D D D D D D D D D Un U]

	6
	13
	[D D D D D D D D D D D D D Un]

	7
	14
	[D D D D D D D D D D D D D D]


Table 2: Example for Type2

	SFI Index
	x value
	Slot format

	0
	7
	[D D D D D D Un U U U U U U U]

	1
	8
	[D D D D D Un U U U U U U U U]

	2
	9
	[D D D D Un U U U U U U U U U]

	3
	10
	[D D D Un U U U U U U U U U U]

	4
	11
	[D D Un U U U U U U U U U U U]

	5
	12
	[D Un U U U U U U U U U U U U]

	6
	13
	[D D D D D D D D D D D D D Un]

	7
	14
	[U U U U U U U U U U U U U U]


Table 3: Example for Type3

	SFI Index
	x value
	Slot format

	0
	7
	[D D D D D D Un Un Un Un Un Un Un U]

	1
	8
	[D D D D D Un Un Un Un Un Un Un Un U]

	2
	9
	[D D D D Un Un Un Un Un Un Un Un Un U]

	3
	10
	[D D D Un Un Un Un Un Un Un Un Un Un U]

	4
	11
	[D D Un Un Un Un Un Un Un Un Un Un Un U]

	5
	12
	[D Un Un Un Un Un Un Un Un Un Un Un Un U]

	6
	13
	[D Un Un Un Un Un Un Un Un Un Un Un Un Un]

	7
	14
	[Un Un Un Un Un Un Un Un Un Un Un Un Un Un]


Based on the multiple types’ structure, something more can be configured by gNB semi-statically, such as:

· The range for x value

· Which type(s)  supported for a certain UE

· How many bits for the SFI overhead 

Number of bits for SFI, can be determined by how many format about is configured by the gNB. If the range of SFI is only from {Type1}, then UE can determine the SFI overhead is 3 bits. However, it can switch from 2 types by adding 1 more bit.

Based on the idea of classification, the range of candidate formats and the SFI overhead can both be configured by gNB for different scenario. This can bring flexibility for gNB scheduling. This classification is useful for gNB to configure SFI table for a group of UEs.

Proposal 2:  SFI formats can be classified into several types for different scenarios. gNB can configure the type(s) for each UE semi-statically.

2.2 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. For the case of more slots, if these slots follow the same format, only one slot format indication is in the SFI. Otherwise, more than one slot formats or even individual indication is needed in the SFI. 

Based on the specific scenario requirement, gNB can predefine some Type Pattern Set, which can further simplify the indication. 

Table 5: Example for Type Pattern Set

	Pattern Index
	Pattern

	0
	[type1  type1]

	1
	[type2  type2]

	2
	[type3  type3]

	3
	[type1  type2]

	4
	[type1  type3]

	5
	[type2  type3]


Further, SFI can indicate in second level to inform the formats for each type. The detail of multi-slot format indication can be further decided.

2.3 SFI channel coding

Regarding the SFI channel coding, the polar code should be applied. It should follow the channel coding decision on the CRC size and parity checking bits. If the polar coding can support relatively small payload size with sufficient nFAR, then we can use single coding scheme for SFI indication in GC-PDCCH. The false alarm problem of GC-PDCCH should be much small than UE-specific PDCCH considering only 2 candidates are given for a group of UEs. Thus for the small payload case, CRC size of SFI should be small to form compact size and ensure the coverage.
Proposal 3: GC-PDCCH should support polar coding with small payload and CRC size.
3 SFI for different Numerology
3.1 SFI for different Numerology
Considering the requirements for the preprocessing of UL transmission and the cross slot scheduling, an additional SFI pattern(s) for the future could be sent. In this case, for the additional SFI pattern(s), there should be the corresponding scheduling grant sent to the UE. Since SFI is the instruction of slot structure, it is naturally associated with a numerology. A numerology determines lengths of OFDM symbol and slot. When UE received a SFI pattern, UE should according to the SFI pattern to determine a slot structure corresponding to a given Numerology. It has been agreed that the BWP’s Numerology should be used for the PDCCH/PUCCH, PDSCH/PUSCH, and the corresponding DMRS within the BWP. In Ad hoc3 meeting, it was agreed that only one BWP can be activated at a given time for a CC. SFI field in each CC or one CC’s SFI field can be considered to be used for other CC. Even CCs are not in same cell group, they can share a SFI indication. These BWPs in different CCs may or may not have same numerology. Principle should still be necessary for one SFI indicated to multiple Numerologies. The rule can also be the OFDM symbol number alignment, or can be the time duration alignment. This will guarantee the same transmission direction between the adjacent CCs. 
Proposal 4: A SFI indication can be applied for different BWPs in different CCs. UE should determine a target BWP’s slot time structure in a CC based on symbol duration/SCS ratio of SFI numerology in the signaling BWP of another CC and the target numerology.   

3.2 Monitor occasion configuration for SFI 

Considering the monitor occasion configuration for SFI, we have K = 1, 2, 5, 10, 20 in last meeting. Other values are FFS.

We can assume that the GC-PDCCH is using numerology1, and in this GC PDCCH, one or more SFI fields can be carried. For simplicity, we can consider only one SFI field was carried and it indicate for multiple numerolgies.
If the Numerology1 is different with Numerology2, some K values does not match. This will cause confusion for the UE. As shown in Fig. 1, K=1 means UE will receive at most twice SFI indication during one slot with Numerology2. If the two SFI indication is different, UE will be confused..  We should introduce K= 4 and 8 to accommodated the power of 2 ratios between numerologies.
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Fig.1 Cross Numerology SFI indication

Proposal 5: To support cross Numerology SFI indication among carriers/BWPs, configuration for K should support 4 and 8.

4 UE behavior for SFI

4.1 UE behavior on SFI collision handling
It has been agreed in RAN1 #90 that ‘Unknown’ indicated in SFI can be overridden at least by DCI indication. It still studies the possibility of overridden by some types of RRC. For the RRC type configuration, two types are under consideration: semi-static transmission direction configuration and periodic signaling configuration.

For the semi-static transmission direction configuration, it has less flexibility than SFI. SFI can be indicated dynamically. We believe that the transmission configured by semi-static configuration is long term and not precisely reflect updated scheduling. SFI is real-time and precise. The later SFI should be prioritized than the higher layer signaling. 
For the periodic signaling configuration, situation is similar except that some important periodic RS or feedback transmission would need interoperation other than SFI. Thus, some additional rules may be considered to guarantee those periodic transmissions.
Proposal 6: SFI cannot be overridden by semi-static configuration on slot format.

Another question is whether ‘Unknown’ in SFI can override UE DCI DL/UL, if SFI is received later than UE DCI. For this case, the SFI unknown symbols should be used to indicate some dynamic reserved resource. The updated dynamic reserved resource has higher priority than DL or UL transmission scheduled by UE DCI. Thus, the later SFI unknown can override the previous UE DCI’s DL or UL. This case should not happen frequently.   

4.2 PDCCH monitoring in ‘Unknown’ and ‘Reserved’

If the ‘Unknown’ symbols were overridden by UE-specific DCI, the ‘Unknown’ symbols will become ‘DL’ or ‘UL’. UE can then monitor the PDCCH on ‘Unknown’ symbols overridden to ‘DL’.  This could be used in case different transmission durations are configured to one UE.  For other cases when a symbol cannot be determined as a ‘DL’ symbol, UE will not monitoring PDCCH.
Proposal 7: UE can monitor PDCCH only on the ‘DL’ and the ‘Unknown’ symbols which are overridden to ‘DL’ symbols.

4.3 UE behavior in GC-PDCCH carrying dynamic SFI undetected

One appropriate option is that assume these slot(s) as unknown. So, it can be overridden by UE-specific DCI to DL transmission or UL transmission. Then it can base on the finally determined behavior on collision between SFI Unknown, UE DCI, and semi-static DL/UL assignment, UE behavior on these slot(s) will be determined.

5 Cell-specific frame structure
It’s agreed that the value of periodicities for semi-static configured DL/UL transmission included 0.5ms, 1ms, 2ms, 5ms, and 10ms. This can support cell-specific frame structure. The DL/UL resource allocation granularity can be configured with sub-frame level, slot level or symbol level. 

In addition to 5ms and 10ms DL/UL configuration periodicity supported by LTE, we see the benefits of 1ms and 2ms DL/UL configuration periodicity. A frame structure with 2ms periodicity is shown in Figure 1(frame structure type1), which consists of 4 slots with 30 kHz SCS. In this frame structure, slot 0/2 is DL slot, slot 1 is a DL heavy slot which include x1 DL symbols, y1 “Unknown” symbols, z1 UL symbols, slot 3 is a UL heavy slot which includes x2 DL symbols, y2 Unknown symbols, z2 UL symbols. 
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Figure1 frame structure type1
 The frame structure type1 has following benefits:

· Enable shorter SRS periodicity 

· Flexible DL/UL resource allocation, which suitable DL heavy traffic load case

· Enable shorter UL/DL switching time and self-contained or one slot delayed ACK/NACK feedback

· Dramatically reduce HARQ RTT

For frame structure type1, it is to achieve requires of flexible DL/UL resource allocation and at most allocate about 70% resource to DL with a good coverage. The value of “Unknown” symbol in slot1&3 was equal to 3. Number DL symbols in slot1/3 are to 9/1, respectively. 2/10 UL symbols are in slot1/3.  To achieve fast HARQ-ACK/NACK in slot1, 1symbol PUCCH follows Unknown symbols. Considering of channel estimation/measurement, corresponding reference signals have been configured. Figure2 illustrates exact types of each symbol in frame structure type1.
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Figure2 Symbol types in frame structure type1
Another frame structure with 1ms periodicity is shown in Figure 3 (frame structure type2), which consists of 2slots with 30KHz SCS. In this frame structure, slot 0 is a DL slot and slot 1 is a UL heavy slot which includes x3 DL symbols, y3 “Unknown” symbols, z3 UL symbols.
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Figure 3 frame structure type2

The frame structure type2 has following benefits:
· Enable shorter SRS transport periodicity

· Enable shorter UL/DL switching time and one slot delayed ACK/NACK

· Enable flexible DL/UL resource allocation, which suitable UL heavy traffic load case
For frame structure type2, to achieve requires of flexible DL/UL resource allocation and at most allocate about 40% resource to UL with good coverage. Figure4 should exact symbol setting for frame structure type2.
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Figure 4 Symbol types in frame structure type2

It’s agreed scheduling information of RMSI was indicated in PBCH, collision between RMSI CORESET and frame structure may happen if the cell-specific frame structure was indicated in PBCH.  In order to avoid collision between RMSI CORESET and frame structure, cell-specific frame structure should be indicated in RMSI. 

But in some case, there may be collision between the cell-specific frame structure and the configuration of other channels/signals, e.g. the resources indicated by PRACH configuration may be allocated as ‘Unknown’ or ‘DL’, then predefined rules are needed to resolve these collisions, which will be further discussed in companion contribution [3].

Moreover, we can consider allocating more ‘Unknown’ resources in the frame structure. This enables flexible resource allocation for UEs in connected mode. Meanwhile, configuration with more Unknown resources also relaxes the limitation on the channel/signal used during initial access if we assume that Unknown resources can be overridden by the configuration of these channels/signals.

Proposal 8: Cell-specific frame structure of type1 and type2 should be supported.
6 Conclusion
In this contribution, we discussed the transmission of common control signals in NR and provided our views: 

Proposal 1: NR does not introduce ‘Reserved’ state into SFI.

Proposal 2:  SFI formats can be classified into several types for different scenarios. gNB can configure the type(s) for each UE semi-statically.
Proposal 3: GC-PDCCH should support polar coding with small payload and CRC size.
Proposal 4: A SFI indication can be applied for different BWPs in different CCs. UE should determine a target BWP’s slot time structure in a CC based on symbol duration/SCS ratio of SFI numerology in the signaling BWP of another CC and the target numerology.   

Proposal 5: To support cross Numerology SFI indication among carriers/BWPs, configuration for K should support 4 and 8.

Proposal 6: SFI cannot be overridden by semi-static configuration on slot format.

Proposal 7: UE can monitor PDCCH only on the ‘DL’ and the ‘Unknown’ symbols which are overridden to ‘DL’ symbols.

Proposal 6: Cell-specific frame structure of type1 and type2 should be supported.
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