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1 Introduction

This contribution considers UE-group common DCI/PDCCH (GC-DCI/GC-PDCCH) aspects for slot format indicator (SFI) - other types of GC-DCI/GC-PDCCH are treated in accompanying contributions [1, 2]. Some relevant agreements on the transmission are the following:

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

Agreements:
· Regarding dynamic SFI content definition

· The SFI carries an index to a table that is UE-specifically configured via RRC 

· FFS how to manage the table for future proof

· FFS how to define entries in the table

· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
Agreements:
· Confirm the following WA 

· ‘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.

This contribution considers the GC-PDCCH transmission structure, the GC-DCI contents, and the UE behavior when the UE fails to detect GC-DCI.
2 GC-PDCCH Transmission Aspects
A first aspect is the GC-PDCCH structure.

A first consideration is whether the GC-DCI can be incorrectly decoded by a UE without the UE knowing (i.e. whether or not SFI is protected by CRC). This relates to the UE behavior upon a decoding failure, i.e. when the UE does not know each slot format over a number of slots. One suggestion has been that in such case the UE should follow the semi-statically configured transmission direction (when any). However, this requires that the UE does not have any semi-statically configured transmission over symbols that can be flexible. This makes the introduction of GC-PDCCH unnecessary because a scheduled UE can transmit/receive according to respective DL/UL DCI formats while a non-scheduled UE can follow the semi-static configuration for periodic/semi-persistent transmissions and therefore no SFI is needed. Also, any reductions in PDCCH decoding operations due to SFI 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 SFI is to override semi-static configurations due to dynamic adaptation of the slot format over a number of slots (additional use cases may be for determining symbols for multi-slot PDSCH/PUSCH/PUCCH transmissions, or for short-term DRX when slots are indicated as UL ones and a UE does not have any configured transmissions). 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 (or to possibly avoid multi-slot transmissions/receptions in DL/UL slot symbols). This implies that the SFI should be CRC protected. 
A second consideration is the GC-DCI payload size. Even for indicating the slot structure over a number of slots, the GC-DCI payload can be materially larger than a few bits and even larger than ten bits if multiple cells (or multiple BW parts) are to be addressed. This implies possible use of polar codes.
A third consideration is the GC-PDCCH overhead which has been claimed to be the main motivation for not using the PDCCH structure. However, CRC protection allows targeting larger GC-PDCCH BLERs than the ones that would be required without CRC protection and this mitigates and possibly eliminates (when a BLER difference requires a ~3+ dB SINR difference) any overhead difference due to existence of CRC (coding gains from a larger payload also mitigate a potential overhead difference). 

A fourth motivation is that a gNB may not be forced to always transmit SFI (e.g. occasionally rely (in some slots) on UE-specific DCIs without GC-DCI support depending on DL control resource availability) – DTX detection for a GC-DCI without CRC support is not generally possible. 

A fifth consideration is the simplification of the overall design including avoidance of a new channel design and of modifications to the PDCCH mapping structure.  
It was discussed that when the SFI information is only a few bits, unnecessary padding is needed to the GC-DCI in order to use PDCCH for the transmission of GC-DCI. However, polar codes can exploit knowledge of predetermined information bits and the impact of the increased GC-DCI size to the required DL control overhead for the GC-DCI transmission can be reduced (e.g. either by using lower CCE aggregation levels or by using reduced transmission power). 

Proposal 1: The UE-group DCI is transmitted by a PDCCH and its information is protected by CRC.

The GC-PDCCH can use distributed (interleaved) REG mapping with transmission diversity (as it is intended to a group of UEs). The GC-DCI format 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-DCI 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 GC-DCI format is same as the size of a DCI format used for fallback operation. 
In order for GC-DCI to provide proper functionality, such as enabling a UE to know it failed to detect the GC-DCI 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 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 each slot structure (such as the ten subframes in LTE), the number of slots can be same as the GC-PDCCH transmission periodicity and can have more than one values. It is FFS how many values need to be supported but, at least for LTE-NR coexistence, the LTE UL/DL configurations over a period of 10 msec should be supported. There is no need for the slot structure format to be restricted to include flexible symbols between DL symbols and UL symbols. This is a matter of configuration/implementation and, as NR supports flexible transmission timing and duration, switching from DL to UL can be supported without mandating existence of flexible symbols. 
Proposal 4: A UE is configured by higher layers a periodicity for GC-PDCCH receptions. 

Proposal 5: An SFI field indicates a configuration of slot structures, from a set of configurations, over a number of slots equal to the SFI transmission periodicity. 

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 GC-DCI format when slot format indication is needed for a large number of cells and/or a large number of slots while the latter avoids having to use multiple CG-PDCCHs when the number of cells is small and/or the number of indicated slots is small. 

Proposal 6: A UE can be configured by higher layers to receive information for multiple cells by a same GC-PDCCH or by different GC-PDCCHs. 
Information configured to a UE by SFI can have inter-dependencies with information configured to the UE by UE-specific DCI or with information configured to the UE by higher layer signaling. For example, a UE-specific DCI format can schedule a PDSCH reception to the UE in symbols of a slot that are indicated as UL ones by the SFI. For example, higher layer signaling can configure periodic CSI or SRS transmissions in symbols of slots that are classified as flexible and can be indicated as UL ones or as DL one by the SFI. 

Conflicting configurations can exist due to several reasons such a false alarm for one of the DCI formats (GC-DCI or UE-specific DCI) or the gNB deciding to cancel an earlier configuration (e.g. by a GC-DCI) with a later one (e.g. by a UE-specific DCI). In general, there can be justifications for prioritizing either the GC-DCI format or the UE-specific DCI format [3]. However, given that the false alarm probability is in practice negligible for a UE-specific DCI format (it is even smaller for the GC-DCI format due to the fewer decoding operations and the link adaptation for UEs with the lower SINR), the UE-specific DCI format can be prioritized for simplicity. Further, the GC-DCI should not override symbols indicated as DL ones or as UL ones for a slot format configuration indicated by higher layer signaling.
Proposal 7: In case of conflicting configurations by GC-DCI format and by UE-specific DCI format, the UE prioritizes the UE-specific DCI format. 

Proposal 8: GC-DCI does not override symbols indicated as DL ones or as UL ones by a higher layer slot format configuration. 

A last issue is the UE behavior when the UE is configured to decode GC-DCI but the UE fails to detect the GC-DCI (e.g. incorrect decoding or absence of transmission). Then, at least for periodic or semi-persistent transmissions (CSI, SRS, SR, SPS PDSCH, grant-free/SPS PUSCH) in symbols with unknown/flexible transmission direction, the UE should not transmit or receive. 
Proposal 9: A UE that is semi-statically configured to receive or transmit in flexible symbols does not receive or transmit in the flexible symbols when it fails to detect the GC-DCI. 
Finally, TDD operation in NR should not rely on the use of SFI and semi-static configuration of slot structures are also supported.

Proposal 10: NR supports semi-static configuration of slot structures over a number of slots. 
3 Conclusions

This contribution considered GC-PDCCH transmission aspects and proposes the following. 
Proposal 1: The UE-group DCI is transmitted by a PDCCH 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 GC-DCI format is same as the size of a DCI format used for fallback operation. 
Proposal 4: A UE is configured by higher layers a periodicity for GC-PDCCH receptions. 

Proposal 5: An SFI field indicates a configuration of slot structures, from a set of configurations, over a number of slots equal to the SFI transmission periodicity. 

Proposal 6: 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 7: In case of conflicting configurations by GC-DCI format and by UE-specific DCI format, the UE prioritizes the UE-specific DCI format. 

Proposal 8: GC-DCI does not override symbols indicated as DL ones or as UL ones by a higher layer slot format configuration. 

Proposal 9: A UE that is semi-statically configured to receive or transmit in flexible symbols does not receive or transmit in the flexible symbols when it fails to detect the GC-DCI. 
Proposal 10: NR supports semi-static configuration of slot structures over a number of slots. 
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