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1 Introduction

This contribution considers remaining design issues of the UE-group common DCI/PDCCH (GC-DCI/GC-PDCCH) for slot format indicator (SFI). All relevant agreements in previous meeting are lengthy to list (e.g. [1]), are omitted for brevity, and will be referred to as needed. 
2 Remaining Aspects for SFI operation
GC-PDCCH structure

It was agreed that “GC-PDCCH for SFI is associated with a SFI RNTI by configuration”. A remaining issue is whether to also support Reed-Muller coding and/or whether SFI RNTI can be supported without CRC.

A first consideration is that existence of CRC is required for a UE to determine its behavior in case of GC-DCI decoding failure (can also be because the network chose to not transmit the GC-PDCCH). Following a semi-static configuration in such case makes the use of SFI largely redundant as all non-scheduled transmissions do not require SFI and all scheduled transmissions can follow the DCI. Even the use of SFI for reducing PDCCH decoding operations is of marginal importance as most slot configurations are expected to have at least some symbols for PDCCH transmissions (full/partial DL slots or partial UL slots) since typical use-cases for dynamic slot structure adaptation are for DL-dominant traffic.    
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, polar codes provide coding gains over RM codes and are even capable of improving decoding performance using known bit values. Further, 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. 

A fourth consideration is the simplification of the overall design including avoidance of a new channel design and of modifications to the PDCCH mapping structure.  
Proposal 1: UE-group common DCI for SFI is as all other DCIs.
GC-PDCCH transmission
The GC-PDCCH can use distributed (interleaved) REG mapping with transmission diversity (as it is intended to a group of UEs). As agreed, the number of candidates per aggregation level is configurable (limit is 2). Although the agreement suggests configuration of the CCE aggregation level, this configuration is superficial given that the number of candidates per CCE aggregation level can be configured for DCI formats. 
Proposal 2: The UE receives the UE-group common PDCCH with interleaved CCE-to-REG mapping.

UE behavior
Clearly, a UE should not transmit RRC-configured signaling in flexible symbols if the UE has not detected the respective GC-DCI providing the slot structure. The UE behavior for reception is more nuanced as the effect of receiving different signaling can be different. Receiving CSI-RS and determining CSI (and possibly, although unlikely due to proper network configuration, path-loss) when respective symbols are UL/reserved ones should be avoided, especially considering that UE can apply filtering over time. 
Receiving PDCCH is less damaging. A UE may waste some power in PDCCH monitoring instances corresponding to UL/reserved symbols but, again considering the DL-dominant nature of slot configurations and the small likelihood of a UE failing to detect GC-PDCCH, this additional power is not material. However, if a UE is expected to receive PDCCH when failing to detect GC-DCI conveying SFI, this can maintain a link with the gNB and also allow the gNB to not transmit a respective GC-PDCCH if it so chooses (e.g. due to other signaling priorities in the CORESET when no material harm is done by the UEs not knowing the structure of slots during the GC-PDCCH transmission periodicity). It is assumed that SS/PBCH blocks and indicated PRACH resources are not in flexible symbols (TBD is specification support is needed).   

Proposal 3: A UE failing to detect DCI conveying SFI, the following UE behaviors apply in flexible symbols: no transmission, no reception of CSI-RS, reception of PDCCH. 
As full-duplex operation is not supported, the same SFI value applies to all BWPs of a cell (even though GC-PDCCH conveying SFI can be transmitted in each configured BWP for a UE). Then, trivially, when a UE switches BWPs, the UE assumes same slot configuration as in the BWP where the UE detected the GC-DCI conveying the SFI.  

Proposal 4: A same slot configuration is applicable throughout a cell bandwidth. 
Minimum UE processing time

The minimum expected UE processing time is an important issue that has not yet been adequately discussed. This issue is a well known one from eIMTA in LTE where, for the smallest possible adaptation periodicity of 10 msec and PDCCH transmission with eIMTA-RNTI in the first subframe of an UL/DL configuration, the indicated adapted UL/DL configuration applies at the next frame. The situation is practically the same in NR. Although some UEs can have enhanced capabilities and afford short processing timelines, adaptation of slot configuration is applicable to all UEs in a BWP/cell (that support SFI) and the UE processing time for the SFI is dictated by the UE with the lowest processing capability. 
A network should know the UE processing capability in order to determine the earliest possible flexible symbols to configure periodic/semi-static transmissions. The UE processing capability can also affect decisions such as “UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data” since this may have a different meaning to different UEs depending on when the dynamic SFI can be assumed to be applicable. Overall, either a minimum UE capability for SFI processing should be defined or a UE should report it – the former option is simpler at least for phase 1. 

Proposal 5: Consider specifying a minimum UE capability for SFI processing for UEs supporting adaptation of slot configuration. 
Slot format configurations
Some slot format configurations have been included in TS 38.211. Additional slot format configurations can be discussed later (only RAN1 impact) as NR specifications stabilize and all aspects can be accounted for. At the moment, the only additional slot format configurations that need to clearly be supported are the ones corresponding to the LTE TDD UL/DL configurations.

Proposal 6: All LTE TDD UL/DL configurations are supported by slot format configurations. 
3 Conclusions

This contribution considered GC-PDCCH transmission aspects and proposes the following. 
Proposal 1: UE-group common DCI for SFI is as all other DCIs.

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

Proposal 3: A UE failing to detect DCI conveying SFI, the following UE behaviors apply in flexible symbols: no transmission, no reception of CSI-RS, reception of PDCCH. 
Proposal 4: A same slot configuration is applicable throughout a cell bandwidth. 
Proposal 5: Consider specifying a minimum UE capability for SFI processing for UEs supporting adaptation of slot configuration. 
Proposal 6: All LTE TDD UL/DL configurations are supported by slot format configurations. 
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