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1 Introduction

UE-common, or UE-group common, control signaling is widespread in LTE, including for:
a) System information (SI-RNTI), paging (P-RNTI), and RAR (RA-RNTI)
b) TPC commands (TPC-RNTI)
c) Subframe structure in LAA (CC-RNTI)
d) Adaptation of UL/DL configuration (eIMTA-RNTI)

e) SRS activation and power control on cells without PUSCH (tentatively SRS-RNTI)

f) PCFICH
The need for UE-common control channel signaling was discussed in RAN1#86 and RAN1#86bis with respect to various functionalities, including for indicating reserved resources for forward compatibility or for TDM of different services, CFI, available channel BW for UL URLLC transmissions, slots for monitoring of DL control channels, the slot structure, etc. This contribution considers aspects related to UE-common control signaling in NR.
2 UE-Common Control Signaling
In general, any functionality that can be provided by UE-common control signaling can also be provided by UE-specific control signaling. Theoretically, this can happen even when there is no data transmission scheduled but this is not practically possible. The benefit of UE-common control signaling can be associated with a reduction of control overhead (and thus increased spectral efficiency) which can be substantial and come from several sources and also to provide information to UEs without DL assignments (or UL grants) in a slot. 
For system information and paging, a single DCI format can address potentially hundreds of UEs (e.g. for a macro-cell or for a ‘hot-spot’). In LTE, a PCFICH needs to address only UEs with scheduled transmissions in a subframe (to determine search space and first PDSCH symbol), a UE-common PDCCH in LAA needs to address only UEs with UL transmissions in the remaining of the COT, and a UE-common PDCCH in eIMTA needs to address only UEs that can be scheduled in flexible subframes within an adaptation period for an UL/DL configuration. Also, a UE does not need to be scheduled in order to be provided with information included in UE-common control signaling. Moreover, when there is RRC configuration of resources associated with periodic signaling, such as for SRS or CSI-RS, UEs can transmit or receive such signaling without UE-common control information for the respective resource configurations.    

In NR, several of the motivations and benefits of UE-common control signaling in LTE are maintained while others are no longer applicable and some new ones are introduced due to the likely absence of several periodic configurations that exist in LTE. Moreover, due to a larger possible variability in a typical number of UEs scheduled per transmission slot for operation below 6 GHz and for operation above 6 GHz, the respective motivation and benefits of UE-common control signaling are different. For operation above 6 GHz with analog beam-forming, UE-common control signaling can be per beam (i.e. the DL common control channel transmission is beam-formed as for other DL transmissions associated with the beam).   

Possible functionalities of UE-common control signaling can include the following.
a) Preserve LTE functionalities that are also applicable in NR such as scheduling of system information, paging, and RAR. 
b) Provide information about the transmission slot structure. This can include:

a. The DL-GP-UL partition of transmission slot symbols 
b. The UL bandwidth that can be available for grant-free UL transmissions
c. The number of symbols used for DL control signaling
c) Provide information for the presence of dynamically triggered UE-common resources including resources for reference signals, such as CSI-RS or SRS, or for interference measurements, or for SR transmissions, that can also be used by non-scheduled UEs in the transmission slot. 

d) Indicate a number of next transmission slots where UEs will not be expected to receive DL control channels to reduce UE power consumption and minimize false alarms. For example, for unpaired spectrum operation and full UL transmission slots, UEs do not need to monitor DL control channels. The same applies when TDM is used for dynamic multiplexing of different verticals where UEs associated with a first vertical do not need to monitor DL control channels in slots used associated with a second vertical. 
e) Indicate frequency resources where UEs are not be expected to receive DL signals (e.g. for forward compatibility). For example, UEs should not assume CSI-RS transmission in reserved frequency resources. 
Observation 1: UE-common control signaling in a slot can avoid transmission of same information in each UE-specific DCI format transmitted in the slot and can also serve UEs without respective DCI formats in the slot. 

One perceived disadvantage of UE-common control signaling is the dependence of correct scheduling on the correct detection of the UE-common control signaling (when the UE-common control signaling includes information required for correct scheduling, such as the slot structure or the CFI). However, similar to use cases for UE-common control signaling in LTE, this is not a concern as the respective DCI format can be materially smaller than UE-specific DL/UL DCI formats. Moreover, for UE-common control signaling and UE-specific control signaling in the same slot, as the former is more reliable than the latter, when the UE fails to detect the former, with near certainty it also fails to decode the latter (e.g. the UE experiences a deep fade or an interference spike). BLER evaluation results can be found in [1]; it can be observed that with a 16 NR-CCE aggregation level, for a NR-CCE of 4 RBs or 5 RBs, a short DCI format of about 30 bits can provide BLER of 0.1% or less for the lowest CDF points of the geometry CDF.
Observation 2: There is no material impact on the scheduling reliability in a slot from a dependence on UE-common control signaling in the slot.  
Proposal: NR shall support UE-common control signaling in a slot providing information at least for slot structure, CFI, reserved time-frequency resources, available UL BW, and resource configuration for CSI-RS or SR transmissions. 
3 Conclusions

This contribution considered functionalities and reliability for UE-common control signaling in a slot and proposes the following. 
Proposal: NR shall support UE-common control signaling in a slot providing information at least for slot structure, CFI, reserved time-frequency resources, available UL BW, and resource configuration for CSI-RS or SR transmissions. 
In addition, the following observations are made. 
Observation 1: UE-common control signaling in a slot can avoid transmission of same information in each UE-specific DCI format transmitted in the slot and can also serve UEs without respective DCI formats in the slot. 

Observation 2: There is no material impact on the scheduling reliability in a slot from a dependence on UE-common control signaling in the slot.  
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