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1 Introduction

LTE uses several UE-specific DCI formats for DL and UL scheduling as well as several UE-group common DCI formats for initial access or for functionalities supported for RRC-CONNECTED UEs. However, the number of DCI formats does not influence the number of blind decoding operations that a UE performs as a UE is semi-statically configured an UL/DL DCI format to monitor (and a DCI format for fallback).

This contribution considers DCI formats and respective supported functionalities for NR. 
2 DCI Formats
The number of DL DCI formats in NR is significantly reduced compared to LTE as the LTE DL DCI formats related to a CRS-based transmission scheme are not applicable in NR. Support of the fallback operation in LTE needs to be maintained in NR in order to facilitate maintaining the connection when coverage deteriorates or possibly to support communication during reconfiguration uncertainty periods. For DMRS-based transmission schemes, a single DL DCI format for ‘normal’ (non-fallback) operation and a single DCI format for fallback operation suffice. For the UL, similar to LTE, a single UL DCI format for non-fallback operation and a single UL DCI format for fallback operation also suffice. Whether the two UL DCI formats can be same when a UE has one transmitter antenna requires further discussion depending on whether or not a same waveform (DFT-S-OFDM or CP-OFDM) can be used for both non-fallback operation and for fallback operation or on whether DCI formats can have similar size (that can then be made equal with some padding) when they correspond to different waveforms. In general, given that several new configurable parameters are to be introduced in NR, similar to the DL, it is unlikely that the fallback UL DCI format can have the same size as ‘normal’ UL DCI format even when a UE has one transmitter antenna.
Proposal 1: A UE is configured to monitor a fallback DCI format and a non-fallback DCI format for DL scheduling and for UL scheduling.

Proposal 2: DFT-S-OFDM waveform is used for PUSCH transmissions scheduled by the fallback UL DCI format.
LTE enables a UE to perform a single decoding operation for a given CCE aggregation level to detect DCI Format 0 and DCI Format 1A. The differentiation of DCI formats is enabled by a flag that is included in the DCI formats. LTE also enables a UE to perform a single decoding operation for a given CCE aggregation level to detect different DCI formats for UE-group common control signaling that are distinguished by different RNTIs that serve as an implicit flag. NR should maintain these functionalities. For UE-specific DCI formats that require multiple RNTIs for respective multiple UEs, differentiation of DCI formats with same size can be based on a flag, instead of an RNTI, similar to LTE. For UE-group common DCI formats that have increased coverage requirements, additional bits that serve to indentify the purpose of the DCI format should be avoided and a few corresponding RNTIs can be used in a respective control resource set. 

One issue that requires careful consideration for the use of flags or RNTIs to differentiate among functionalities of DCI formats with same size is the padding that is likely to be required in order to make the size of DCI formats corresponding to different functionalities (e.g. DL scheduling or UL scheduling) to be same. In LTE, for DCI format 0 and DCI format 1A, this padding was minimal (up to 2 bits, depending on the system bandwidth) and therefore the benefit of having a ‘DCI format 0/1A’ for the purpose of blind decoding offset the cost of having padding bits. Further, for fall-back DCI formats, it is mostly pointless to have the DL DCI format have different size than the UL DCI format as coverage is determined by the one with the larger size and control overhead is not material as fallback DCI formats are not heavily used. This is however not the case with non-fallback DCI formats and, for example, there was no consideration in LTE to make the size of DCI format 4 equal to the size of DCI formats 2*. The same principle should be maintained in NR especially since it is already challenging for PDCCH in NR to achieve the spectral efficiency of PDCCH in LTE. 

Proposal 3: A DL DCI format and an UL DCI format used for fallback operation have same size and differentiated by a flag – padding can apply if needed.
Proposal 4: FFS whether or not a DL DCI format and an UL DCI format used for non-fallback operation have same size through padding.
Having different sizes among DCI formats for scheduling on different links (DL or UL) is not equivalent to having different sizes among DCI format for scheduling on the same link. This is because a reconfiguration by higher layers of the DCI format for scheduling on a same link is needed in order to switch the transmission scheme. This can be cumbersome to the network. However, although dynamic selection of the transmission scheme is beneficial, it can require excessive padding, such as for example for DCI format 0 and DCI format 4 in LTE. Moreover, the functionalities (or transmission scheme) of a first DCI format can be a subset of the functionalities of a second DCI format that the UE is configured to monitor and in such case a switching of the transmission scheme can be dynamic using the second DCI format. DCI format 0 and DCI format 4 in LTE are an example.

Proposal 5: DL DCI formats, or UL DCI formats, corresponding to different transmission schemes need not always have same size. FFS whether a DCI format can support multiple transmission schemes. 

Due to the multitude of operating environments and varying UE SINRs, PDCCH decoding candidates should be configurable in every dimension (cell, link direction, CORESET, DCI format, CCE aggregation level, etc.) [2]. This can also seamlessly enable a network to configure a UE to monitor one or multiple DCI formats per link and avoid having to reconfigure a DCI format when the network wants to switch a transmission scheme. LTE essentially allows this functionality through an enabling/disabling indication for monitoring DCI format 0/1A per cell. The tradeoff is a (network-controlled) fragmentation of the UE decoding operations for more than one non-fallback DCI formats versus the overhead savings from not having to use (excessive) padding bits to align sizes of different DCI formats. As the transmission schemes and the potential size differences of same-link DCI formats for different transmission schemes are currently FFS, how to enable dynamic switching of transmission between transmission schemes (if not supported seamlessly by a same DCI format) is FFS.    

Proposal 6: How to enable dynamic switching among different transmission schemes can be determined once the transmission schemes and the contents of DCI formats are decided. 

The UE also needs to monitor UE-group common DCI formats. These DCI formats include not only ones associated with initial access but also include DCI formats the UE monitors after it establishes a higher layer connection with a gNB such as a DCI format 3/3A, a UE-group common DCI format informing at least of a slot structure and enabling reduction in blind decoding operations and, in general for forward compatibility, other UE-group common DCI formats that may be introduced for new functionalities. To support the case that at least one UE in the group of UEs having a single configured CORESET, the UE-group common DCI formats are transmitted in a single CORESET. The single CORESET can be different than the CORESET for the common search space used for transmission of DCI formats associated with initial access. Further, to reduce the number of blind decoding operations, the UE-group common DCI formats have same size as the UE-specific fallback DCI formats. The overall design can therefore be similar to that for LTE Rel-13 BL/CE UEs.  
Proposal 7: UE-group common DCI formats for connected UEs have same size as fallback UE-specific DCI formats and are transmitted in a single CORESET that can be different than the CORESET used for transmission of DCI formats associated with initial access. 

3 Conclusions

This contribution considered DCI formats for NR and proposes the following. 
Proposal 1: A UE is configured to monitor a fallback DCI format and a non-fallback DCI format for DL scheduling and for UL scheduling.

Proposal 2: DFT-S-OFDM waveform is used for PUSCH transmissions scheduled by the fallback UL DCI format.
Proposal 3: A DL DCI format and an UL DCI format used for fallback operation have same size and differentiated by a flag – padding can apply if needed.
Proposal 4: FFS whether or not a DL DCI format and an UL DCI format used for non-fallback operation have same size through padding.
Proposal 5: DL DCI formats, or UL DCI formats, corresponding to different transmission schemes need not always have same size. FFS whether a DCI format can support multiple transmission schemes. 

Proposal 6: How to enable dynamic switching among different transmission schemes can be determined once the transmission schemes and the contents of DCI formats are decided. 

Proposal 7: UE-group common DCI formats for connected UEs have same size as fallback UE-specific DCI formats and are transmitted in a single CORESET that can be different than the CORESET used for transmission of DCI formats associated with initial access. 
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