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1 Introduction

Functionalities for UE-common, or UE-group common, control signaling were discussed in RAN1#87 and in [1]. UE-common control signaling can be applicable prior to RRC connection for a UE, e.g. to schedule RAR and possibly system information or paging, and after RRC connection where, in case of multi-beam operation, it can be applicable per beam. Additionally, the following was agreed in RAN1#87.
Agreements:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In LTE, functionalities provided by UE-common control signaling after RRC connection include the signaling of the subframe structure in LAA, of the UL/DL configuration in eIMTA, the triggering and power control of SRS transmissions to support SRS switching, etc. The PCFICH can also be viewed as UE-common control signaling. In all above cases with the exception of the PCFICH, as a UE is configured a RNTI for an associated DCI format by UE-specific RRC signaling, a UE-common control channel is in effect a UE-group common control channel (or even a UE-specific channel if only one UE is configured the RNTI) and there is no need for an explicit distinction. 
This contribution considers aspects related to functionalities for UE-common control signaling after RRC connection in NR.
2 UE-Common Control Signaling
2.1 Slot Structure
A design objective of NR is to provide a flexible structure (DL/GP/UL) and direction of a slot through the dynamic use of a DL-only, UL-only, DL-dominant, or UL-dominant slot. With the possible exception of a few slots per number of subframes that may need to have a fixed direction (e.g. for measurements or for synchronization), the slot direction and structure can generally be arbitrary as determined by the scheduler according to traffic considerations, multiplexing of different services/verticals, forward compatibility, etc. NR will also support periodic and/or semi-persistent CSI-RS, CSI report, and probably SRS transmissions. Without other associated signaling, periodic transmissions require a semi-static configuration of slot direction and structures, i.e. a semi-static UL/DL configuration or reference DL and UL UL/DL configurations as in eIMTA in case of dynamic adaptation as in LTE.
In order to simultaneously enable NR operation with dynamic slot direction and structure and periodic/semi-persistent CSI-RS, CSI report, or SRS transmissions, the slot structure needs to be informed to UEs, including non-scheduled UEs in the slot. Moreover, subsequent full-UL slots need to also be informed to accommodate potential transmissions of periodic/semi-persistent CSI reports, periodic and/or semi-persistent SRS, and possibly SR, and to also inform UEs to unnecessary decoding operations for DL control channels and achieve UE modem power reduction.  
Proposal 1: UE-common control signaling informs of a current slot structure and of subsequent UL-only slots.  

2.2 Duration of DL Control Region
Design objectives for the NR design also include high spectral efficiency and reduced UE modem power consumption.

For operation above 6 GHz, having a dynamic number of symbols for the DL control region may not materially impact spectral efficiency as the BW occupied by transmissions of DL control channels is expected to be a small portion of the total BW and the remaining BW can be used for transmission of DL data channels (FDM of DL control channels and DL data channels similar to EPDCCH and PDSCH in LTE). However, for operation below 6 GHz, the opposite holds as the BW occupied by transmissions of DL control channels will typically be a large portion of the total BW including the 100% of the total BW. In this case, having a semi-static number of DL control symbols can directly result to spectral efficiency losses of 15%-20% [2]. Such losses are clearly unacceptable. Suggested reasons for a semi-static DL control region include a simpler scheduler implementation or alignment of DMRS among cells. However, such reasons are not of fundamental nature and can be left to network implementation. For example, it does not require a highly intelligent scheduler to determine the resources for DL control transmissions in a slot jointly for all UEs instead of serially per UE. For example, aligning the DMRS among neighboring cells, when/if needed, requires network coordination and whatever higher layer signaling can achieve, L1 signaling can also achieve. 
Observation 1: NR incurs significant losses in spectral efficiency relative to LTE if the number of symbols for transmissions of DL control channels in a slot is not configured per slot. 
UE modem power consumption is typically dominated by the monitoring of DL control channels (based on the sub-6 GHz operation in LTE). Restricting a BW where a UE monitors DL control channels is considered as one mechanism to reduce power consumption and this can primarily reduce ADC power consumption. However, although this is a straightforward approach for operation above 6 GHz with large DL system BW, short slot durations, and a small number of scheduled UEs per beam per slot, this mechanism is unlikely to provide significant benefits for sub-6 GHz operation as the sub-band size is unlikely to be sufficiently small. For example, for 33% DMRS overhead and transmission in one symbol, a BW of almost 10 MHz is required for just one DL control channel candidate with equivalent REs as a PDCCH candidate with aggregation level of 8 CCEs. Potential reductions in UE modem power consumption will be further diminished or nullified if a UE is configured to monitor multiple sub-bands (or DL control regions), for example if distributed and localized transmissions cannot be multiplexed in a same sub-band. In general, even with beamforming, DL control channel transmissions in NR do not materially outperform PDCCH transmissions especially for low SINRs where DL control overhead is the largest, beamforming can be inaccurate or unavailable, and DMRS-based channel estimation accuracy can be inferior to CRS-based one. 
In addition to (primarily) ADC operation, UE modem power consumption for DL control channel monitoring is dominated by the blind decoding operations. While it is presently unclear whether polar codes are more or less power efficient than TBCC, it is likely that the overall impact of the coding method on the UE modem power consumption will not be significant. It is therefore critical to enable reductions on the average number of decoding operations that a UE performs per slot as, for sub-6 GHz operation, this is likely to be the main component in the UE modem power consumption that can be reduced. Regardless of whether or not the number of symbols for transmissions of DL control channels is semi-statically or dynamically configured, a UE should not have to perform decoding operations for candidates associated with DL control channel transmissions beyond the last symbol used for DL control channel transmissions in a slot. This is a direct consequence when the number of symbols for transmissions of DL control channels in a slot is dynamically determined but can also apply when it is semi-statically determined. For example, when a UE is configured by higher layers to assume a DL control region over the first two symbols in a slot and when only the first symbol is actually used in a slot, the UE should not be performing decoding operations for candidates that are not exclusively located in the first symbol of the slot.
Proposal 2: UE-common control signaling in a slot informs of a number of slot symbols for transmissions of DL control channels in the slot. 
3 Transmission Instances and Interaction with UE-Specific DCI

The DCI size conveyed by the UE-common DL control channel is expected to be small, similar to DCI format 1C in LTE, and the probability of a UE incorrectly detecting the DCI of the UE-common DL control channel while correctly detecting a UE-specific DCI in a same slot is negligible. Nevertheless, if some information, such as the slot structure, is not conveyed by UE-specific DCI, this would mandate the transmission of the UE-common DL control channel in every slot, other than UL-full slots, which may be undesirable. 

In general, the UE-common DL control channel needs to be transmitted when there is information to be conveyed to non-scheduled UEs as, otherwise, information that can be included in the DCI of the UE-common control channel can be duplicated in each UE-specific DCI (despite the associated duplication of overhead). Even for the indication of a number of slot symbols used for transmissions of DL control channels in a slot, the information in the UE-common control channel is not of any benefit when the number is the maximum number as configured by higher layers. Therefore, a default operation can be defined for a UE when it does not correctly detect the DCI of the UE-common control channel. For example, the UE can assume the maximum number of symbols for transmissions of DL control channels, it can avoid transmitting periodic or semi-persistent signaling (e.g. CSI report, SRS), and may avoid receiving periodic or semi-persistent signaling (e.g. CSI-RS). The slot structure, and possibly the number of DL control symbols in the slot, can also be provided by UE-specific DCI to possibly remove linking the detection of the UE-common DL control channel to scheduling of UE-specific DL/UL data channels.   

Proposal 3: A network is not mandated to transmit UE-common control signaling in order to schedule UE-specific DL/UL transmissions in a slot. 
Finally, in order to allow for forward compatibility and for potential additional use cases for the UE-common control signaling, such as signaling of reserved resources, the associated DCI should have reserved bits. 

4 Conclusions

This contribution considered functionalities and operational aspects for UE-common control signaling in a slot and proposes the following. 
Proposal 1: UE-common control signaling informs of a current slot structure and of subsequent UL-only slots.  

Proposal 2: UE-common control signaling in a slot informs of a number of slot symbols for transmissions of DL control channels in the slot. 
Proposal 3: A network is not mandated to transmit UE-common control signaling in order to schedule UE-specific DL/UL transmissions in a slot. 
In addition, the following observation is made. 
Observation 1: NR incurs significant losses in spectral efficiency relative to LTE if the number of symbols for transmissions of DL control channels in a slot is not configured per slot. 
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