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Introduction
During the NR study item (SI) phase, RAN1 agreed to introduce a group-common control channel that provides at least slot-format related information. The current agreements from the SI are as follows:
Agreements from NR SI:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 
· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.
· The network will inform through RRC signaling the UE whether to decode the ‘group common PDCCH’ or not
· Common does not necessarily imply common per cell.
· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

Based on these agreements, this contribution discusses several outstanding aspects for the group-common PDCCH including an appropriate channel structure, configuration and monitoring aspects. A related contribution [1] discusses possible contents of the group-common PDCCH.

Channel structure
It is worthwhile to first clarify what we mean by the group common control channel. So far, RAN1 has described this channel as one that that could be used to indicate at least slot format related information (SFI). This is somewhat related to LTE operation, where a UE may be configured to monitor DCI format 1C for a reconfiguration of the TDD UL-DL configuration. The SFI is simply of much finer granularity (symbol-level) compared to the subframe-level configuration of LTE dynamic TDD operation. Note that other group common control information may be needed in NR just as they are in LTE such as group power control commands conveyed using DCI formats 3/3A. In this contribution we focus on a group-common PDCCH carrying at least SFI.

Observation: a control channel carrying slot format related information (SFI) should be distinguished from control channels carrying other types of (group) common control information.
A second aspect to consider is the channel structure used to transmit at least SFI. Two options are to either reuse the NR-PDCCH structure or to introduce a dedicated channel. For a very small number of bits e.g. less than or equal to 3 bits, a separate channel can be considered with a very low coding rate to achieve a target reliability. However, even if only the SFI is contained in this channel the number of slot format configurations agreed for NR may require more bits. Moreover, design should take into account forward compatibility by provisioning reserved bits. Finally, if the number of REs assigned to the SFI PDCCH is on the order of at least 1 NR-CCE, it is practically equivalent to a NR-PDCCH candidate. Therefore, it is simpler from both implementation and specification perspectives, if at least some commonality is supported between the SFI group-common PDCCH and any other NR-PDCCH. Such commonality would include CRC generation, channel coding and rate matching. 
Proposal 1: support common bit processing functionality for the SFI group-common PDCCH and NR-PDCCH.

Following this approach the group-common control information could be defined in a unique and very compact DCI format. Such a compact DCI format also facilitates employing a very low coding rate targeting reliable reception at cell edge users. A group-common ID may be used to detect the NR-PDCCH containing the group-common DCI.
Proposal 2: A unique and compact DCI format is specified for group-common control information targeting reliable reception at cell edge users.

Configuration and monitoring aspects
Since a UE is configured by RRC signaling to monitor for the SFI group-common PDCCH, the RRC configuration should also include the physical resources where this channel is transmitted. The SFI group-common PDCCH can either be mapped to a fixed position in a configured control resource set, or to one of a set of candidate locations defined by a group-common search space. Note that a fixed location is equivalent of a search space containing a single candidate. There is a tradeoff between these two alternatives. A fixed location, particularly in the first symbol of a slot, would enable fast decoding of the group-common PDCCH, which is beneficial when the SFI is valid for the same slot. Secondly, the number of blind decodes performed by a UE does not change depending on whether or not the SFI group common PDCCH is configured or monitored in a particular slot. 

On the other hand a search space with multiple candidates provides more degrees of freedom because the search space position can change in time for interference coordination, scheduling flexibility etc. The drawback is that the UE performs blind decodes to determine where the SFI PDCCH was transmitted and this should be taken into account when determining the total number of blind decodes supported by a UE within a given slot. 

Proposal 3: The SFI group-common PDCCH is transmitted in a fixed location. It is FFS whether a limited set of candidates can be configured where a UE monitors for the SFI group-common PDCCH.

Since the SFI group common PDCCH is common to at least a group of UEs, it should be possible to configure a UE to monitor for the SFI PDCCH in a first control resource set that is configured by MIB as shown in Figure 1(a). Alternatively, the UE may be configured to monitor for the SFI group-common PDCCH in a control resource set that does not overlap with the MIB-signaled control resource set as shown in Figure 1(b). One motivation to configure an independent control resource set is to support different characteristics such as PDCCH-to-CCE and CCE-to-REG mapping schemes compared to the MIB-signaled control resource set.
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[bookmark: _Ref480302678]Figure 1 Location of physical resources for the SFI group common PDCCH
An alternative, and perhaps simpler, solution is to view the SFI as a DCI format, which we shall define hear as DCI format X purely for illustration. The UE may then be configured to monitor for DCI format X in a common search space e.g. the MIB-configured control resource set. In this case, monitoring for DCI format X is part of the overall number of blind decodes performed by the UE. 

Monitoring of the SFI group-common PDCCH
The SFI may be used to provide more current information on transmission directions than that assumed by a UE. For instance, supporting an NR carrier in some LTE TDD bands may require that the NR cell follows coexistence guidelines when it comes to transmission directions. In addition the SFI may indicate valid CSI measurement/reporting and periodic SRS transmission occasions. Therefore, when configured, it is most effective if a UE is configured to periodically monitor for the SFI group common PDCCH. 

Proposal 4: a UE is configured to periodically monitor for group-common control channel conveying slot format related information. 

The SFI, as the name implies, should be applicable across the slot for a group of UEs. Regardless of the number of configured control resource sets monitored within a slot the SFI should be common at least for the same numerology so the UE does not monitor for multiple instances of the SFI group common PDCCH in a slot. 

Proposal 5: A UE may be configured to monitor at most one SFI group-common PDCCH for a given numerology within a slot.

There are three monitoring cases where the UE behavior should be defined, namely when the group-common PDCCH is not configured, when it is detected and when it is not detected or not applicable for a given slot. A default behavior should be specified when it is not configured since this would at least be true until the RRC configuration is received. In this case the UE should at least follow the transmission directions defined by the frame structure if known (e.g. FDD) or semi-statically configured assignments such as CSI measurement/reporting occasions and periodic SRS transmission. The UE may also monitor for DL control in a given slot unless it is not configured to do so or it has been scheduled to transmit in the slot. 

UE behavior should also be specified when a UE does not detect the SFI group-common PDCCH when configured to monitor for it in a slot. One example of this is when a CRC is generated for the group-common PDCCH and the CRC detection fails. In this case it is better that the UE refrains from transmitting or receiving any configured channels/signals.

Proposal 6: if the SFI group-common PDCCH is not configured, the UE follows the transmission direction of the frame structure, if provided, and/or monitors the NR-PDCCH in configured DL slots.

The gNB may configure a UE with the validity period of the SFI group common PDCCH. For example, if the group-common PDCCH is periodically transmitted the UE may assume that at least some information contained in the group common PDCCH is valid until the next group-common PDCCH transmission occasion. The transmission period can be as small as 1 slot, i.e. the UE monitors in every slot except prior scheduling has indicated that a slot is UL-only. Alternatively, the gNB may indicate the validity period in the RRC configuration of the SFI group-common PDCCH.  For slots where SFI is not received or is not valid, the UE may follow semi-statically configured transmission directions or dynamic signaling.

Proposal 7: a SFI group-common PDCCH may indicate slot format related information for the current and future slots.

Considering DRX operation, a UE should not be required to monitor the SFI group common PDCCH during the DRX period of a DRX cycle. In the first slot where a UE wakes up, the slot structure indication may not be available. The UE may monitor for the group common PDCCH at the next reception opportunity when the UE is configured by the gNB to detect the group common PDCCH. 
Proposal 8: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.

Numerology considerations
Regarding numerology it was agreed at RAN1 #86bis that NR should support both data and control with the same numerology. The SFI group common PDCCH indicates the combination of DL, UL and ‘Other’ symbols in a slot and should be transmitted with the same numerology as the MIB-signaled control resource set since all UEs should be able to receive common control information in this control resource set.  When a UE is configured to receive data with a different numerology it should also be possible to configure numerology-specific SFI group-common PDCCH. Figure 2 describes this scenario where separate SFI group-common PDCCHs may be transmitted in different frequency sub-bands using 15 and 30 KHz subcarrier spacing values. 



Figure 2 Numerology-specific group-common PDCCH indicating DL/GP/UL partition for a slot
Proposal 9: a UE may be configured to monitor for a group-common PDCCH in a different numerology from the numerology at initial access.

Conclusion
This contribution considered operational aspects for a group-common PDCCH containing SFI. The following proposals are the outcome of the discussion contained herein 
Proposal 1: support common bit processing functionality for the SFI group-common PDCCH and NR-PDCCH.
Proposal 2: A unique and compact DCI format is specified for group-common control information targeting reliable reception at cell edge users.
Proposal 3: The SFI group-common PDCCH is transmitted in a fixed location. It is FFS whether a limited set of candidates can be configured where a UE monitors for the SFI group-common PDCCH.
Proposal 4: a UE is configured to periodically monitor for group-common control channel conveying slot format related information. 
Proposal 5: A UE may be configured to monitor at most one SFI group-common PDCCH for a given numerology within a slot.
Proposal 6: if the SFI group-common PDCCH is not configured, the UE follows the transmission direction of the frame structure, if provided, and/or monitors the NR-PDCCH in configured DL slots.
Proposal 7: a SFI group-common PDCCH may indicate slot format related information for the current and future slots.
Proposal 8: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.
Proposal 9: a UE may be configured to monitor for a group-common PDCCH in a different numerology from the numerology at initial access.
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