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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
RAN1 discussions have not so far considered DL control signaling aspects with the minor exception of the following agreement from RAN1#86. 
Agreements:
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X

· Indication to the UE may include

· Dynamic L1 signaling

· RRC configuration

· Broadcast signaling

· …  
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 even when there is no data transmission scheduled. The benefit of UE-common control signaling can be exclusively associated with a reduction of control overhead (and thus increased spectral efficiency) which can be substantial and come from several sources. 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’) while, in LTE, a PCFICH needs to address only UEs with scheduled transmissions in a subframe (to determine search space and first PDSCH symbol). 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In NR, several of the motivations and benefits of UE-common control signaling in LTE are maintained while others are no longer applicable and some new ones are introduced due to the likely absence of several periodic configurations that exist in LTE.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 is different. For operation above 6 GHz with analog beam-forming, only a very small number of UEs is scheduled per transmission slot and support of UE-common control signaling in case of multiple beams is not as efficient as in case of a single or very few analog beams. Then, to avoid the overhead expense of an additional RNTI, it may be preferable to minimize occurrences or UE-common control signaling and provide UE-common information by UE-specific control signaling even when a UE is not scheduled PDSCH reception in a corresponding transmission slot. Nevertheless, even for operation with analog beam-forming, UE-common control signaling in a transmission slot can be beneficial for UEs without scheduled transmissions or with grant-free transmissions.
Observation 1: Potential benefits from UE-common control signaling are reduced for a system operating with analog beamforming. Nevertheless, UE-common control signaling can remain beneficial for non-scheduled UEs.
When transmission of DL control signaling does not need to rely on analog beamforming to achieve sufficient coverage and a relatively large number of UEs are scheduled per transmission slot or need to receive information for dynamically transmitted signaling in the slot without being scheduled in the slot, UE-common control signaling can provide desired functionalities with material overhead reduction to improve the system spectral efficiency. Possible functionalities of UE-common control signaling can be the following.
Preserve LTE functionalities that are also applicable in NR such as scheduling of system information, paging, and RAR. 

Provide information about the transmission slot structure. This can include the DL-GP-UL partition of transmission slot symbols [1] and also include bandwidth that can be available in the transmission slot for grant-free UL transmissions [2]. When the UE-common control signaling is always transmitted in the first symbol, it can also inform of the number of symbols, including a fractional symbol, that are used for DL control signaling [3]. 
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 that can also be used by non-scheduled UEs in the transmission slot.     

Indicate a number of next transmission slots where UEs will not be expected to receive DL control signaling. This can be helpful to reduce UE power consumption and minimize false alarms. For example, for unpaired spectrum or for flexible duplex operation and full UL transmission slots, UEs do not need to monitor PDCCH transmissions. The same applies when TDM is used for dynamic multiplexing of different verticals, according to offered traffic loads, where UEs associated with a first vertical do not need to monitor PDCCH in transmission slots used for transmissions associated with a second vertical. 

Observation 2: UE-common control signaling in a transmission slot can avoid duplication of information in every UE-specific control signaling in the transmission slot and can also be used by non-scheduled UEs in the transmission 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 (if UE-common control signaling includes information required for correct scheduling such as the transmission slot structure). However, similar to other cases for use of UE-common control signaling, such as in LAA, this is not a concern as the respective DCI format size can be materially smaller than the DL/UL DCI format size. Moreover, for the case of the transmission slot structure in NR, any issue is practically non-existent as the transmission slot of the UE-common control signaling and of the UE-specific control signaling scheduling PDSCH/PUSCH is the same and, therefore, when a UE fails to detect one the UE is also highly likely to fail to detect the other (e.g. this is also the reason why a DAI field is not included in UL DCI formats in LTE FDD). 
Observation 3: There is no material impact on the scheduling reliability in a transmission slot from a dependence on UE-common control signaling in the transmission slot.  
Proposal: NR shall support UE-common control signaling in a transmission slot providing control information that is applicable to both scheduled UEs and non-scheduled UEs in the transmission slot.

3 Conclusions

This contribution considered the support of UE-common control signaling in a transmission slot and proposes the following. 
Proposal: NR shall support UE-common control signaling in a transmission slot providing control information that is applicable to both scheduled UEs and non-scheduled UEs in the transmission slot.
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