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1. Introduction
At the RAN1#87, RAN1#88bis, RAN1#89 and RAN1 NR AH#2 meetings, the following agreements were achieved for semi-static signaling/configuration and ‘group common PDCCH’ [1][2][3][4]:
	Agreements from RAN1#87 meeting:
· At least some reserved resources are indicated by using at least RRC signalling.
Agreements from RAN1#88bis meeting:
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity
· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
Agreements at RAN1#89 meeting:
· 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
· 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

Agreements at RAN1 AH#2 meeting:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:
· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;
· Each periodicity is supported for particular SCS(s)/slot duration(s)
· FFS: details
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
· Prioritize discussion of SFI functionality of a group-common PDCCH.
· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.



In this contribution, our views on details about semi-static UL/DL transmission direction and slot format related information are provided. Besides, the SFI indication for multiple bandwidth parts/numerologies is also discussed.  Note that our views on remaining issues on structure of ‘group common PDCCH’ are presented in [5].
2. Discussion
2.1. Semi-static signalings/configurations
At the RAN1#86 meeting, it was agreed that NR supports semi-static UL-DL transmission direction assignment which can be configured by higher layer signaling, where the periodicity sets [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms. Regarding to the switching periodicity configured by higher layer signaling, in our view, at least 5ms and 10ms switching periodicity in LTE should be supported, e.g., for the purpose of NR and LTE alignment (different carriers but no guard-band). Besides, unlike LTE, NR also supports self-contained operation and low-latency services, e.g., URLLC. Therefore, 0.5ms, 1ms and 2ms should also be supported. For smaller switching periodicities, e.g., 0.125ms and 0.25ms, currently we don’t see the necessity to support them since the latency requirement of URLLC can be satisfied by 0.5ms switching periodicity. Besides, such small switching periodicity would lead to frequent UL/DL switching.
One remaining issue for semi-static signaling is the configuration of resource patterns within a switching periodicity. It was agreed that higher layer signaling can configure a subsets of fixed DL transmission and a subset of fixed UL transmission at the RAN1#88bis meeting. Considering that NR design should provide forward compatibility for future use, even for semi-static slot patterns configurations, it is also beneficial to include reserved symbol(s) or slot(s).It was agreed that reserved resource can be configured by higher layer signaling. Therefore, reserved symbol(s) or slot(s) can easily achieved by reserved resource configuration. In this case, the reserved resource configured by higher layer is equally treated as the ‘Unknown’ resource indicated by SFI, named as RRC-configured unknown in the following context. For example, as shown in Fig.1, assuming the switching periodicity is 10ms, with RRC-configured unknown, following semi-static configurations can be achieved by higher layer signaling, where the RRC-configured unknown is for forward compatibility. It should be note that the granularity of reserved resource is not necessarily whole symbol(s) or whole slot(s); it is beneficial if the RRC-configured unknown can be partial frequency of symbol(s) or slot(s). In this case, the RRC-configured unknown resource can be used for various purposes, e.g., to reserve resource for CORESET of other UEs [6][7]. 
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Fig.1 Semi-static configurations with unknown
Based on the above discussion, we have the following proposals for semi-static signalings/configurations:
Proposal 1: 
· With higher layer signaling, at least semi-static UL/DL/Unknown configuration can be achieved.
· FFS whether dynamic configuration can be achieved by higher layer signaling.

2.2. Slot format related information
It was agreed to indicate the slot format by group common PDCCH carrying SFI. However, how to indicate the slot format by SFI is not clear yet. From our point of view, the following approach can be considered for SFI indication. First, the monitoring periodicity of group common PDCCH carrying SFI can be configured by higher layer signaling where the monitoring periodicity can be one of the periodicities defined for semi-static configurations, i.e., 0.5ms, 1ms, 2ms, 5ms, 10ms, where each periodicity is supported for particular SCS(s)/slot duration(s). Then, SFI for a give monitoring occasion can indicate the resource patterns {UL, DL, Unknown} for a given time duration. However, as discussed in our companion contribution, gNB should be allowed to transmit or skip to transmit the group common PDCCH flexibly at the monitoring occasion. In this case, how to obtain the time duration that SFI is effective is a problem. In our view, the time duration that SFI is effective can be derived from the SFI detection to the next SFI monitoring occasion. Fig.3 shows two examples for the SFI effective time duration where the configured monitoring periodicity is 1ms and 5ms respectively.
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(a) Example of SFI indication for 1ms monitoring periodicity
[image: ]
(b) Example of SFI indication for 5ms monitoring periodicity
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Fig.3 Illustration on SFI monitoring and effective duration
However, for a given duration, there are a lot of possible combinations of slot formats. Taking 1ms and 14 OFDM symbols as an example, there are 314 combinations (DL, UL, Unknown). Such extremely flexible configurations would not be necessary. Considering that not all combinations would be applied at a certain deployment scenario, a subset of slot patterns can be configured by higher layer signaling. And SFI is used to indicate one of the configured resource patterns from the subsets.

Proposal 2:
· SFI monitoring periodicity is configured by higher-layer signalling.
· SFI is used to indicate one configuration for {UL, DL, Unknown} from multiple configurations.
· The candidate configurations are configured by higher layer signaling.
2.3. Multiple Bandwidth Parts or Numerologies
Another remaining issue on group common PDCCH carrying SFI is how to indicate the slot format in case of multiple bandwidth parts or numerologies. Since SFI can inform the slot format for one slot or multiple slots, two cases need to be considered:
· Case 1: Different numerologies are configured for same slot.
· Case 2: Different numerologies are configured for different slots.
In case 1, a slot is divided into multiple BWPs where numerologies of different BWPs can be different. Then the following three options can be considered:
· Option 1: SFI indication is per CC;
· Option 2: SFI indication is per numerology;
· Option 3: SFI indication is per BWP.
Fig.4 gives an example for the above three options. For option 1, the slot format regardless of the numerologies are always the same. For option 2, the slot format for different numerologies can be different while the slot format for different BWPs with same numerology is the same. And for option 3, the slot format for different BWPs (either the BWP is configured with same numerology or different numerology) can be different.  Option 1 is simplest while it will bring unnecessary overhead due to aligned slot patterns among different numerologies. Option 3 is the most flexible, while the necessity of such flexible indication is not clear. Option 2 can achieve a trade-off between the overhead and flexibility.
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        (a) Per CC                                 (b) Per numerology                          (c) Per BWP
Fig.4 Example on SFI for multiple BWPs or numerologies
Proposal 3:
· For multiple BWPs or numerologies, NR should support SFI indication per numerology.
For case 2, the numerologies of multiple slots that SFI is effective may be different as shown in Fig.5. Assuming group common PDCCH carrying SFI is transmitted in slot n, and the SFI effective duration is 2 slots, then the group common PDCCH carrying SFI in slot n needs to indicate the slot formats for both slot n and slot n+1. However, the numerologies of slot n and slot n+1 are different. 
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Fig.5 Example on different numerologies configured for different slots.
Then, for both case 1 and case 2, the question is how to indicate the slot formats for each numerology. In our view, one SFI is sufficient to indicate the slot formats for different numerologies. In this case, a mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table. And depending on the SFI value and the configured numerology, the slot patterns can be obtained by looking up the table. Since one slot pattern for a given numerology may correspond to multiple slot patterns for another numerology. If all possibilities are predefined in the table, the control overhead is significant. To reduce the control overhead of SFI and achieve more flexibility, the slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
Proposal 4：
· One SFI is used to indicate the slot format related information for multiple numerologies: 
· A mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table.
· The slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
3. Conclusion
In this contribution, we discussed the semi-static configurations and slot format related information. And our proposals are summarized below.
Proposal 1: 
· With higher layer signaling, at least semi-static UL/DL/Unknown configuration can be achieved.
· FFS whether dynamic configuration can be achieved by higher layer signaling.

Proposal 2:
· SFI monitoring periodicity is configured by higher-layer signalling.
· SFI is used to indicate one configuration for {UL, DL, Unknown} from multiple configurations.
· The candidate configurations are configured by higher layer signaling.
Proposal 3:
· For multiple BWPs or numerologies, NR should support SFI indication per numerology.
Proposal 4：
· One SFI is used to indicate the slot format related information for multiple numerologies: 
· A mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table.
· The slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
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