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1 Introduction

Some progress was achieved at the RAN1 #86bis meeting in defining basic building blocks of the NR Physical DL control channel. In particular, it was agreed that,
· For the frequency-domain aspects 
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband.
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 
· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband
· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous
· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
· A DL control channel can be mapped on one or more NR-CCEs
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs
· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.
An important aspect is how, at initial access, a UE acquires essential system information that is required for camping on a cell and requesting an RRC connection to the network. Scheduling of such essential system information is, by definition, part of common (broadcast) control signaling as the UE is unknown to the network at this point. Furthermore, common control signaling is an efficient mechanism for providing DL control information (DCI) to a group of (or all) UEs in a timely manner. This contribution addresses the transmission of common DCI both for initial access and for RRC connected users.
2 Scheduling of essential system information
LTE initial access procedure includes PSS/SSS detection and acquisition of system information (SI).  SI is distributed between a minimum amount of essential information in the MIB, which is transmitted on the PBCH, and several SIBs (at least SIB1 and SIB2) transmitted on the PDSCH. Furthermore, SIB1 contains the scheduling information for all other SIBs and is transmitted with a fixed and specified schedule. As the NR system targets diverse services and deployment scenarios, a good design principle is to strive for flexible timing to enable irregular operational scenarios such as unlicensed deployments, and also to ensure forward compatibility. 

Towards this goal RAN1 agreed that:

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
LTE targeted a small MIB payload and a very low effective coding rate to ensure reliable acquisition at the cell edge of macro cells. If all essential information was conveyed by NR-PBCH there could be some performance degradation or equivalently smaller coverage (depending on MIB payload size) compared to LTE, at least for sub 6GHz deployments. Thus, increasing the payload may require a corresponding decrease in the coding rate to guarantee the same performance as in LTE. One way to achieve this is by increasing the number of repetitions but this may also increase latency associated with initial access. It is also instructive to investigate how much information can be transmitted on the NR-PBCH. For example, Option 2 above proposes that essential SI includes random access configuration, which potentially includes RACH configuration for one or multiple TRPs/beams. 
Using LTE MIB and SIBs as a baseline, Table 1 provides a preliminary estimate of the essential information that could be required in Option 2 for a standalone NR system.  In contrast to LTE, we have assumed in Table 1 that DCI detection is not dependent on a PHICH configuration. Secondly, a reference system bandwidth is optional depending on the SI acquisition and RA procedures. 

Table 1 Sample payload size of MIB containing initial access information including RA procedure
	Field
	Size (bits)
	Remarks

	System Frame Number
	10
	Does not assume implicit encoding of the 2 LSBs in the NR-PBCH transmission scheme

	Cell Access Information
	Variable
	Contained in SIB1 for evaluating if a UE may access the cell.

	Common RACH configuration
	32
	32 bits if Group A message size is configured

	Common PRACH configuration
	28
	Includes root sequence and PRACH configuration information

	Indication of time-frequency resources to monitor for RAR
	unknown
	

	TRP- or beam-specific information
	unknown
	Depends on the beamforming operation employed during RA process

	Reference system bandwidth
	≥1
	Optional: depends on whether the UE needs to know a reference bandwidth for acquiring essential SI


Observations
· Based on Table 1 over 70 bits would need to be signaled in the NR-PBCH for if Option 2 is adopted for delivering essential SI.

· Options 2 and 3 may not satisfy the design principle of forward compatibility as it is not clear what would become essential information in the future.
Therefore, the NR SI delivery mechanism should be based on the LTE design principle, i.e. minimum information is contained in PBCH and other essential SI is scheduled on the PDSCH.
Proposal 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information.
It should be specified how a UE monitors for common control information scheduling other essential SI. One approach is to define an association between the time-frequency resources used for NR-PBCH and those used for a common control region. This association can be implicitly or explicitly signaled. To avoid confusion between NR and LTE terminology in this contribution we define a frequency resource block (FRB) consisting of 12 resource elements in one OFDM symbol. A physical resource block may be defined as a minimum scheduling unit consisting of a FRB and at least the number of OFDM symbols in a mini-slot or slot. 

One example of implicit signaling is to define a linkage between the location of the PBCH and the FRBs where common control may be mapped. Alternatively, explicit signaling of a frequency domain region where a UE monitors for common control can be conveyed in the MIB transmitted on the PBCH. 
There may be cases where it is useful for the UE to be signaled a reference system bandwidth for initial access. For example, in a TDD system, the PRACH FRBs may be different from the FRBs used for synchronization signals and PBCH. Similarly for an FDD system, an UL reference system bandwidth should be signaled to the UE for scheduling UL transmissions during the RA procedure. A reference system bandwidth may also be indicated to dimension a reference FFT size that is used during initial access and RA procedures. 

During the RA procedure, the UE monitors for a DCI packet within this common control region scheduling a random access response (RAR) or contention resolution message. Demodulation RS for the common control region may be explicitly signaled in the MIB.
Proposal 2 
· A UE monitors for common control information in a time-frequency region that is explicitly or implicitly signaled in the MIB transmitted on the PBCH.

· Other contents of the MIB are left to RAN2.
A discussion of the general control channel structure is provided in a companion contribution [2].

3 Common control signaling for RRC connected state

More generally, explicit signaling in the MIB may indicate one or more control subbands where a UE monitors for control channels conveying common and/or dedicated DCI. During the SI acquisition phase the UE is configured with a common ID (such as the SI-RNTI in LTE) for detecting control channels conveying common DCI. After initial access is complete, the gNB may configure the UE with a dedicated ID for detecting control channels conveying dedicated DCI. In addition a UE may be configured with a group ID for detecting group control information such as power control commands. This may be needed for SPS and also for grant-free UL transmission, wherein a user may select from a pool of previously configured UL resources to transmit. Another possibility for group scheduling could be for MU-MIMO resource allocations (see e.g. [3]).
4 Conclusion
In this contribution we discussed several aspects of common control signaling for NR including acquisition of minimum information required to camp on a cell and request an RRC connection. Our proposals are summarized as follows:
· NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· A UE monitors for common control information in a time-frequency region that is explicitly or implicitly signaled in the MIB transmitted on the PBCH.

· Other contents of the MIB are left to RAN2.
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