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Introduction
In the 3GPP RAN1 NR Ad-Hoc#2 meeting, the following agreements were made regarding the contents of the group common PDCCH [1].
Agreements:
· 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’.
Agreements:
· 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.
Further in 3GPP RAN1#90 meeting, the following working assumption is achieved [2].
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.

In this contribution, we present the discussion on the content and structure of the group common PDCCH.

Discussion
Content 
SFI for a slot
NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation [3]. The assigned DL/UL transmission direction can be signalled to UE by higher layer signaling. A semi-static DL/UL transmission direction design is beneficial for the co-existence between NR and LTE systems. However, the scheduling flexibility is limited and thus might lead to the degradation of the system performance. In this sense, a dynamic signaling such as the group common PDCCH can be considered to allow a more flexible design to change the transmission direction. 
Regarding the indication of the slot format, UE should be able to derive the transmission directions for each symbols in a slot. Two alternatives can be considered to determine the slot formats. One alternative (Alt 1) is to use a bitmapped way for indicating the transmission direction for each symbol. The total payload needed scales with the number of possible states and symbols. For example, if for each symbol, possibly states are “DL”, “UL”, “reserved” or “unknown”. The number of symbols in a slot for a given numerology is 14. Then totally 28 bits are needed to indicate all the possible states for one slot. The other one alternative (Alt 2) is to define some patterns describing the possible states that is commonly used for each symbols. Then the indication of the used pattern is included in the group common PDCCH. Alternative 2 is less flexible but can save the signaling overhead. It is preferred to indicate one of the configured pattern in the group common PDCCH.
Proposal 1: The group common PDCCH can indicate one of the configured patterns for a slot

SFI for multiple slots
It is agreed that the SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots. If the slot formats for indicated slots can be changed dynamically, the payload of the group common PDCCH will scaled with the number of the indicated slots. Meanwhile, UE should be able to know which slots are indicated. The following two alternatives can be considered,
a) Alt 1: include the slot format and corresponding slot indication in the group common PDCCH. 
For Alt 1, the slot format indication can be quite flexible. However, the overhead is increased. In order to alleviate the UE’s detection effort, the number of slots that can be indicated in a GC-PDCCH should be fixed.
b) Alt 2: define a mapping rule between the SFI bits and the target slots
For Alt 2, instead of explicitly indicating the target slot, a mapping rule between the SFI bits and the target slots can be predefined, then UE can understand which slots are indicated in the group common PDCCH using the predefined or high layer signaling configured mapping rule.
Proposal 2: High layer signaling or predefined rule is needed to ensure UEs understand the slots that are indicated

SFI for multiple bandwidth parts
Larger bandwidth compared to that for LTE system is supported for 5G NR system. For a single carrier WB UE, multiple active bandwidth parts with different numerologies can be configured for a UE simultaneously. The UE should be allowed to monitor more than one group common PDCCHs in a slot, as the slot structures for different bandwidth parts can be different.
 The GC-PDCCH is likely to be located in a common search space. If for each configured bandwidth part, a common search space is configured for a UE, then it is nature to acquire the SFI in each configured bandwidth part if needed. For the case that the common search space is not defined in some configured bandwidth part, if the UE needs to get the slot format information for the configured bandwidth part without GC-PDCCH transmission, then the SFI for this bandwidth part should be indicated in the GC-PDCCH transmitted in another bandwidth part. Note that the indication can be done via an explicit or implicit way. For the explicit way, the SFI for other bandwidth part is indicated explicitly in the GC-PDCCH. For the implicit way, a mapping rule between different numerologies can be defined as illustrated in Fig 1.
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Fig 1: Example of the implicit indication

Proposal 3: UE should be allowed to monitor more than one group common PDCCH in one slot depending on UE’s capability.
Proposal 4: FFS how to indicate the slot format for the bandwidth part without configured GC-PDCCH transmission

Structure
Regarding the transmission structure of the group common PDCCH, basically two alternatives have been proposed:
1) Alt 1: the group common PDCCH is transmitted in a separately designed channel, e.g, PCFICH-manner.
For this alternative, the resource carrying the group common PDCCH is predefined or informed to the UEs. It is better if the group common PDCCH is transmitted in the front of a slot to facilitate a fast processing. Meanwhile, if multiple UE groups are configured, the linkage between the resource carrying group common PDCCH and group ID can be defined, then UE could distinguish different groups.  

2) Alt 2: the group common PDCCH is transmitted using NR-PDCCH structure
We analyze these two alternatives from the following aspects:
· Overhead
Depending on the payload of the group common PDCCH, alternative 1 and 2 might have different overhead. If the payload of the group common PDCCH is small, e.g, less than 10bits, alternative 1 have benefit to save the overhead as CRC is needed for alternative 2 which is a significant overhead. However, considering a symbol level indication of the slot format and support of multi-slot indication, it is expected the payload of a group common PDCCH is relatively high.
· Complexity
Alternative 1 will bring additional complexity on the gNB’s operations. For example, if the gNB decides to configure more CORSETs for some UEs, the configuration of the CORSET is influenced by the resources that are configured for group common PDCCH. This brings additional operation complexity.
· Future extension
Alternative 2 show a clear benefit on the future extension as reserved bits is allowed using a NR-PDCCH structure.
· Standard impact
Considering the tight schedule of the NR WI, it is suggested not to introduce unnecessary channel that might need a new design.
Thus, it is suggested that the group common PDCCH is transmitted using a NR-PDCCH structure.
Proposal 5: The group common PDCCH is transmitted using a NR-PDCCH structure.

It is supported that SFI information in a group common PDCCH can indicate the slot formats for multiple slots. UE don’t need to monitor the group common PDCCH in every slot. Instead, the monitoring occasions can be configured by the gNB. 
Multiple common control information might be defined, they can share the same CORSET. The configuration of the common CORSET can be predefined or informed by the system information. Meanwhile, the payload of the DCI conveying the SFI or other information that serves for multiple UEs can be aligned so to reduce the blind decoding effort.
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Fig 2: Configured monitoring occasions
Proposal 6: The monitoring occasions for group common PDCCH can be configured by the gNB.

In LTE system, a set of RNTIs serves for common control purpose was defined such as RA-RNTI, SI-RNTI, P-RNTI and etc. UE can identify the control information by detecting the RNTI scrambled on the DCI. For the group common PDCCH, it is targeted for a group of UEs rather than all the UEs in a cell. It is possible that a UE is able to receive multiple group common PDCCHs. For example, a UE is configured with multiple bandwidth parts that might have different slot formats. Then how the UE could distinguish different group common PDCCHs should be studied. Several solutions can be considered such as:
1) Alternative 1: a set of GC-RNTIs is defined
For this alternative, a set of GC-RNTI is defined for a cell. The value of the GC-RNTIs can be predefined or informed to target UEs by broadcasting information. By detecting the GC-RNTI, the UEs can distinguish different group common PDCCHs.
2) Alternative 2: implicit indication of UE group
For this alternative, the differentiation of group common PDCCHs is done by an implicit way, such as a scrambling-based solution.
3) Alternative 3: different monitoring occasions
The gNB can configure monitoring occasions for different group common PDCCHs, UE can distinguish different group common PDCCHs by the monitoring occasion.
Proposal 7: Further study on how to distinguish the group common PDCCHs



Conclusions
In this contribution, we present the discussion on contents of the group common PDCCH. Based on our analysis, we have the following proposals:
Proposal 1: The group common PDCCH indicate one of the configured patterns for each slot
Proposal 2: High layer signaling or predefined rule is needed to ensure UEs understand the slots that are indicated
Proposal 3: UE should be allowed to monitor more than one group common PDCCH in one slot depending on UE’s capability.
Proposal 4: FFS how to indicate the slot format for the bandwidth part without configured GC-PDCCH transmission.
Proposal 5: The group common PDCCH is transmitted using a NR-PDCCH structure.
Proposal 6: The monitoring occasions for group common PDCCH can be configured by the gNB.
Proposal 7: Further study on how to distinguish the group common PDCCHs
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