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1 Introduction

A list of agreements for UE-group common PDCCH (GC-PDCCH) is provided below for reference. 
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
Agreements:
· 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 signalling the UE whether to decode the ‘group common PDCCH’ or not

Agreements:
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data
Agreements:
· 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

This contribution considers the transmission structure for GC-PDCCH.
2 GC-PDCCH Transmission Structure
A first issue is whether the GC-PDCCH has the same structure as for a PDCCH conveying a DCI format or has a new structure, for example similar to PCFICH/PHICH using REGs. 

A first consideration is whether the GC-PDCCH can be incorrectly decoded by a UE without the UE knowing (i.e. whether or not the information provided by GC-PDCCH is protected by CRC). In LTE, a PCFICH decoding error results only to a UE failing to receive PDCCH (and only affects scheduled UEs). For the PHICH, an ACK-to-NACK decoding error results to an unnecessary retransmission while the more serious error of NACK-to-ACK has a low target BLER of 1e-3 or less for transmission of 1-2 bits. The information conveyed by GC-PDCCH will probably have more than two bits (at least to convey a slot structure over a number of slots and information for ‘other’ resources) and a BLER of 1e-3 or less will be more difficult to achieve than for PHICH in LTE. 
A low BLER for GC-PDCCH information without CRC protection will be necessary, for example because an incorrect determination of ‘other’ resources can lead to HARQ buffer corruption, or because an incorrect determination of the slot structure can lead to UEs transmitting or receiving signals when they should not or to failing to detect PDCCH (DL slot assumed to be UL slot), etc. Further, unlike the NACK-to-ACK error for the PHICH, the GC-PDCCH needs to always be dimensioned for worst SINR UEs. CRC protection allows operation with a higher BLER. This mitigates the additional resource overhead from the higher payload, and ensures robust system operation. Further, in case of CA or existence of multiple numerologies where a same CG-PDCCH can provide the slot configuration for multiple cells (or BW parts), the use of a DCI format is advantageous. 

A second consideration is the payload size for GC-PDCCH. Even for indicating the slot structure over a number of slots and ‘other’ resources, the payload can be materially larger than two bits and even larger than ten bits if multiple cells or (multiple BW parts) are addressed as for eIMTA. The GC-PDCCH should also provide means for UEs to reduce the number of blind decoding operations (regardless of FDD, TDD, or adaptive TDD operation) and should also provide additional information as is further discussed in [2].

Proposal 1: The UE-group common PDCCH has the PDCCH structure and the information is protected by CRC.

The UE-group common PDCCH can use distributed (interleaved) REG mapping with transmission diversity (as it is intended to a group of UEs). The DCI format conveyed by GC-PDCCH can have a same size as another DCI format monitored by the UE in the same CORESET, such as a fallback DCI format or a DCI format 3/3A, and respective candidates can be same without increasing the number of decoding operation (i.e. the LTE paradigm can apply). This can also determine the number of bits that can be supported by GC-PDCCH and/or the number of reserved bits.
Proposal 2: The UE receives the UE-group common PDCCH with interleaved CCE-to-REG mapping.

Proposal 3: The size of the DCI format conveyed by GC-PDCCH is same as the size of a DCI format used for fallback operation. 
In order for GC-PDCCH to provide proper functionality, such as enabling a UE to know it failed to detect the GC-PDCCH or enabling configuration of the slot structure over a number of slots, the GC-PDCCH should be configured to be transmitted with a periodicity that is known to the UEs. With respect to the adaptation of the slot structure, this will result to effectively the same operation as for eIMTA with the main difference being that instead of having a fixed number of slots to configure the structure (such as the ten subframes in LTE), the number of slots can be same as the GC-PDCCH transmission periodicity. 

Proposal 4: A UE is configured by higher layers a periodicity for GC-PDCCH receptions. 

Proposal 5: The configuration of the slot structure is over a number of slots equal to the periodicity of the GC-PDCCH reception. 
Assuming that full duplex operation is not supported, for UE operation with of different numerologies in different BW parts of a same cell, a single indication for the slot structure configuration suffices. 

Proposal 6: A single slot structure configuration apples per cell. 
For UE operation with CA, two alternatives exist. The first alternative is to provide the slot structure configuration (and other information) per group of one or more cells by separate GC-PDCCHs. The second alternative is to use the same GC-PDCCH for all cells (as in eIMTA). Both alternatives should be supported. The former alternative maintains a relatively small size for the DCI format, even when slot structure configuration for a few cells is indicated, while the latter avoids having to use multiple CG-PDCCHs when the number of cells is small. For operation with different numerologies on different cells, a same GC-PDCCH or different GC-PDCCHs can also be used. 

Proposal 7: A UE can be configured by higher layers to receive information for multiple cells by a same GC-PDCCH or by different GC-PDCCHs. 
The above implies that a UE can be configured to monitor GC-PDCCH in multiple CORESETs, either in a same cell on in different cells. 

Proposal 8: A UE is configured by higher layers per CORESET the parameters for GC-PDCCH reception (including no reception) in the CORESET. 
3 Conclusions

This contribution considered the GC-PDCCH structure and proposes the following. 
Proposal 1: The UE-group common PDCCH has the PDCCH structure and the information is protected by CRC.

Proposal 2: The UE receives the UE-group common PDCCH with interleaved CCE-to-REG mapping.

Proposal 3: The size of the DCI format conveyed by GC-PDCCH is same as the size of the DCI format used for fallback operation. 
Proposal 4: A UE is configured by higher layers a periodicity for GC-PDCCH receptions. 

Proposal 5: The configuration of the slot structure is over a number of slots equal to the periodicity of the GC-PDCCH reception. 
Proposal 6: A single slot structure configuration apples per cell. 
Proposal 7: A UE can be configured by higher layers to receive information for multiple cells by a same GC-PDCCH or by different GC-PDCCHs. 
Proposal 8: A UE is configured by higher layers per CORESET the parameters for GC-PDCCH reception (including no reception) in the CORESET. 
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