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1 Introduction

In RAN1 #89 meeting, discussions on group common PDCCH were held, and the following is agreed. 

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

2 Discussions 
In designing a group common PDCCH for slot format indication, we have to consider the contents of the slot format indication. According to the indication contents, the payload size of the GC PDCCH can be determined and the payload size may affect the GC PDCCH structure and signaling. Thus, the indication contents should be carefully deliberated. This indication contents should also consider carrier aggregation scenarios. The network can aggregate multiple CCs to communicate with UEs and it may need to inform the slot formats of multiple CCs via GC PDCCH. For the multiple CCs, multiple slot format indication is also necessary, thus it should be considered that how to inform the slot formats of the multiple CCs to the UEs. 
According to the contents, UE behavior can be defined in consideration of priority among the contents. We will focus on the contents of GC PDCCH in this discussion, and the UE behavior with the contents will be treated in [1].
Slot format related information contents
In the RAN1 #89 Meeting, ‘Unknown’ was agreed for ‘other’ of slot format related information. UE cannot assume anything in the symbol of ‘Unknown’, and this may mean that ‘Unknown’ can be used for any manner which is configured with additional signaling. 
We can consider the 3 use cases to utilize ‘Unknown’ field with additional configuration or dynamic signaling. At the first, GC PDCCH define the resources which are the semi-static resource i.e. SS block, PBCH or CSI-RS as ‘Unknown’. Defining ‘Unknown’ for semi-static resources means that GC PDCCH deactivates the semi-static reception. If the network want UE to receive the semi-static resources, GC PDCCH indicates D for that resources. Even the GC PDCCH deactivate the semi-static resource reception, DCI can activate with dynamic scheduling and indication such as aperiodic CSI-RS transmission. The second case of the ‘Unknown’ is to configure “flexible” resources for future slots which can be dynamically changed to D or U depending on traffic. This can be considerable when GC PDCCH conveys slot format information rather periodically with relatively large interval. For the third case, we can use ‘Unknown’ for enable UE-specific GP. It means that ‘Unknown’ can indicate the maximum GP where each UE may assume additional resources can be used for either downlink or uplink depending on its GP configuration via dynamic scheduling. 
Another consideration for ‘other’ would be ‘Reserved’ where a UE assumes data/control is rate matched or not mapped to such resource. For the ‘Reserved’, we also consider three types. The first type of ‘Reserved’ is for the LTE-NR coexistence. ‘Reserved’ can be used to declare the resource used for LTE such as LTE PDCCH region. However, if this is used, the control region changes rather dynamically as the starting OFDM symbol of control region changes depending on LTE PDCCH region, which can complicate CORESET and DM-RS design. In that point of view, it is not desirable to indicate LTE control region dynamically. Secondly, ‘Reserved’ can be used for reserving resources for certain users (such as URLLC UEs) or future uses. For this, we also consider semi-static configuration is sufficient. Thirdly, ‘Reserved’ can be used for dynamic SRS rate matching for semi-statically configured uplink resources such as grant-free. To allow SRS transmission dynamically, dynamic resource reservation can be considered. Similarly, for aperiodic CSI-RS resources for SPS PDSCH transmission, dynamic indication may be beneficial. It is however note that similar handling can be done for example by setting different priority between semi-static configuration and GC PDCCH. If semi-static configuration is valid only in valid DL or UL indicated by GC PDCCH, the same effect can be achieved. Thus, the necessity of dynamic indication of ‘Reserved’ resource it not clear. 
If ‘other’ needs to be handled differently in terms of collision between GC PDCCH and semi-static/dynamic indication, overall two approaches can be considered. 

(1) ‘Other’ can consist of two different resource types where different UE behavior is defined for each respectively (e.g., ‘Unknown’ and ‘Reserved’). 

(2) Another approach is to configure different behavior or priority between GC PDCCH and semi-static/dynamic indication per configuration. For example, for grant-free resource configuration, it may be assumed that grant-free resource can be only transmitted in indicated UL resource by GC PDCCH. In other words, ‘other’ of GC PDCCH can override grant-free configuration. 

Our general preference is to define ‘other’ as ‘Unknown’ only and may define different UE behavior to handle different use case of utilizing ‘other’ resource. 

The related UE behavior is discussed in our companion contribution [1].

Proposal 1: No other resource type is defined for ‘other’. ‘Other’ is considered as ‘Unknown’. 
SFI for multi slots
It was agreed that GC PDCCH can indicate the slot format related information for one or more slots. If  GC PDCCH indicates the symbol level SFI, then the payload size of GC PDCCH becomes excessively larger. To solve this problem, we propose GC PDDCH conveys the slot pattern of one or multi slots. 
The slot type of D, U, ‘Unknown’, D-centric, U-centric, D/U equal split can be defined for the SFI carried by GC PDCCH. For the D-centric and U-centric, the duration for D, U, and ‘Unknown’ resources can be pre-configured. D/U equal split refers a slot type where one slot is equally divided to downlink and uplink resources. The slot pattern informs the slot type pattern for the multiple slots. The various slot numbers of slot pattern also can be supported. The slot pattern indication can indicates the slot format for the multiple slots and reduce the payload size. 
A slot pattern can be defined as {duration, a set of slot type during the duration}. To allow flexible operation, multiple slot patterns of the cell can be defined in the specification where a subset of patterns can be indicated to UEs which can be dynamically indicated by a GC-PDCCH. This additional indication can be delivered to UE via SI or UE-specific configuration. 
Proposal 2: Slot pattern can be used for the slot format indication contents. 
Figure 1 shows examples of slot patterns where a subset of patterns can be configured to be indicated by a GC-PDCCH. The bit size required for SFI indication is dependent on the number of potential patterns indicatable.
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Figure 1. Examples of slot patterns
Slot format indication for the multiple component carrier case
In the case of carrier aggregation, the slot format of CCs needs to be defined. In here, the SFI indication is for the CCs of network’s aspect. For the clear explanation, let us define a CC of network’s aspect as NCC and a CC of UE’s aspect as UCC. In the one NCC, there could be more than one UCC if a UE supports multiple RFs within a NR carrier. If GC-PDCCH conveys SFI of multiple carriers, indexing of carriers within a GC-PDCCH is necessary. As different UEs can be configured with different SCell index for the same carrier, the mapping between NCC and UCC index can be UE-specific. Thus, the mapping information needs to be configured by UE-specific higher layer signaling. Alternatively, a UE can expect GC-PDCCH in each carrier where GC-PDCCH is configured. The drawback of this approach is that a UE needs to monitor multiple GC-PDCCHs if configured in multiple carriers. 
When a GC-PDCCH carries SFI indication of multiple CCs, the payload size increases with the number of indicated carriers. Because the payload size is decided according to the number of CCs, if many of CCs are used, the payload size of GC PDCCH becomes so much larger. Or CCs are grouped and the slot format indication can be delivered to group at once. In the CC grouping, one CC of the group is defined and the slot format indication is transmitted through the CC. 
Proposal 3: For the carrier aggregation, CCs can be grouped and slot format indication for group can be defined with single group common PDCCH. 

Handling different numerology/slot size
The slot size is related to the numerology. If the numerology of the D portion or U portion is changed, the actual effects can be changed depending on the relationship between numerology used in SFI indication and numerology used in control/data transmission. The GC PDCCH can indicate the SFI and it is important to UE what numerology is considered for the SFI indication.

The reference numerology can be considered for the slot type indication. Because of the reference numerology, UE can translate the indicated slot format to UE’s numerology and estimate the right size of the slot regardless what numerology is used for the UE. Or the GC PDCCH can indicate the SFI using the UE’s numerology. In this case, UE do not need to re-estimate the slot type and slot size. If latter is used, common PDCCH may need to be separately transmitted per numerology. However, unless advanced features are employed, the network may have the same direction of downlink or uplink regardless of numerologies used. In that sense, it is beneficial to transmit slot type indication based on a reference numerology. For example, if network operates with subcarrier space 15 kHz and 30 kHz, the SFI indication can be informed based on 15 kHz where a UE utilizing 30 kHz can interpret different SFI accordingly based on symbol level alignments or slot level alignments.
Proposal 4: Regardless of actual numerology used for a UE, a group common PDCCH can indicate slot structure based on a reference numerology. Reference numerology can be indicated by the network. 

To indicate the multiple SFIs for the multiple numerology with single GC PDCCH, defining the SFI relationship between numerology can be helpful. When the GC PDCCH indicate the SFI based on the reference numerology, and if the SFI relationship between numerology has been defined, UE using different numerology also can be noticed the SFI. Of course, the SFI relationship indicates the SFI of different numerology but the same time duration. This means that in the same duration, small subcarrier space has a small number of slots and large subcarrier space has a large number of slot, thus the SFI based on the reference numerology is changed to the SFI of the different numerology and different slot number according to the SFI relationship. For example, in Figure 2, the reference subcarrier space is 15 kHz, and network operates with subcarrier space 15 kHz and 30 kHz. The SFI is indicated based on the 15 kHz. If the SFI is indicated for 2 slots D and ‘Unknown’, this SFI is matched to the SFI for 4 slots of subcarrier space 30 kHz, D, D, ‘Unknown’ and U-centric. This relationship can be configured by higher layer signaling. 
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Figure 2. SFI relationship between 15 kHz subcarrier space and 30 kHz subcarrier space
Proposal 5: With single group common PDCCH, SFIs for multiple numerology can be indicated. SFI is based on reference numerology. 
3 Conclusion 
In this contribution, we discuss on the contents and the signalling of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: No other resource type is defined for ‘other’. ‘Other’ is considered as ‘Unknown’. 

Proposal 2: Slot pattern can be used for the slot format indication contents. 
Proposal 3: For the carrier aggregation, CCs can be grouped and slot format indication for group can be defined with single group common PDCCH. 

Proposal 4: Regardless of actual numerology used for a UE, a group common PDCCH can indicate slot structure based on a reference numerology. Reference numerology can be indicated by the network. 

Proposal 5: With single group common PDCCH, SFIs for multiple numerology can be indicated. SFI is based on reference numerology. 
4 Reference 
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