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1 Introduction

The structure for UE-group common PDCCH (GC-PDCCH) was discussed in RAN1 NR Ad-Hoc#2 without conclusion. Identified alternatives include having a same structure as for PDCCH scheduling PDSCH/PUSCH or to reserve REGs (or CCEs) and transmit the PDCCH on the reserved REGs similar to the PHICH/PCFICH transmission in LTE. 
This contribution considers the transmission structure for GC-PDCCH.
2 GC-PDCCH Transmission Structure
Several aspects need to be considered in determining the GC-PDCCH transmission structure.

A first aspect 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). This relates to the UE behavior upon a decoding failure of GC-PDCCH (including DTX of GC-PDCCH), that is, when the UE does not know the slot format over a number of slots as is further discussed in [1]. One suggestion has been that in such case the UE should follow the semi-statically configured transmission direction. However, this would make the introduction of GC-PDCCH unnecessary. A scheduled UE can transmit/receive according to respective DL/UL DCI formats. A non-scheduled UE follows the semi-static configuration for periodic/semi-persistent transmissions. Any reductions in PDCCH decoding operations due to the GC-PDCCH indicating a slot as an UL one are marginal as TDD configurations over a number of slots are typically DL-dominant. 

The main use case of GC-PDCCH is to override semi-static configurations due to dynamic adaptation of the slot format over a number of slots. Failure by a UE to detect the GC-PDCCH should therefore be identifiable by the UE to avoid receptions of DL periodic/semi-persistent signals in UL slots or transmissions in DL slots. This implies that the information provided by the GC-PDCCH should be CRC protected. 
A second aspect 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. This implies use of polar codes.
A third aspect is the overhead which has been claimed to be the main motivation for not using the PDCCH structure. However, CRC protection allows targeting of higher BLERs for GC-PDCCH transmission than would be required without CRC protection and this mitigates and possibly eliminates (when the BLER difference requires a ~3+ dB SINR difference) any overhead difference due to existence of CRC (coding gains for using the PDCCH structure and DCI-based coding also mitigate a potential overhead difference). 

A fourth aspect is the simplification of the overall design including the support of a new channel and modifications to the PDCCH search space when GC-PDCCH using the new channel is transmitted.  
Proposal 1: The UE-group common PDCCH has the PDCCH structure and its 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 when slot format indication is needed for a large number of cells 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. 
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 its 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. 
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