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1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). 
Based on study item description, one of the focus areas for the initial work relates to defining fundamental physical layer signal structure for new RAT. The key topics in this area include waveform, frame structure(s) and channel coding scheme(s). In the companion document [3], basic frame structure principles for new radio are discussed and proposed. As one of the new physical layer building blocks for the new 5G RAT, support for beam based common control plane in massive MIMO framework was identified. In LTE dedicated control and data channels can be beamformed but support for common control plane beamforming is not provided. 
In this contribution, background, requirements and frame structure support for the beam based common control plane are provided.
2
Background and requirements 
Spectrum availability, and expected transceiver architecture and antenna system technology at BS largely depend on the carrier frequency of interest. Spectrum availability increases with carrier frequency meaning larger system bandwidths are available at higher carrier frequencies as depicted in Figure 1. 
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Figure 1 Spectrum availability, spectrum and expected technology ranging up to 100 GHz.
At the same time larger antenna arrays in terms of number of antenna elements are required at higher carrier frequencies to compensate increasing path loss between transmitter and receiver. As the carrier frequency increases, a fixed area (panel) can accommodate a larger number of physical antennas. On the other hand, the number of transceiver units cannot easily be increased mainly due to cost and energy consumption of the transceiver units (power hungry converters), which increase with carrier bandwidth. Thus, from a technology point of view it can be noted that the new RAT expected to operate across carrier frequencies up to 100 GHz will be realized by a variety of different transceiver and antenna system architectures at the BS side which can be categorized at a high level into full digital, hybrid and analog beamforming systems. The architecture types with their characteristics are depicted at a high level in Figure 2. Typically full digital transceiver architectures can be expected to be utilized in the lower end of the 5G spectrum where number of antennas limited and bandwidth is relatively low, hybrid architectures may be typically utilized in cmwave spectrum, and pure analog beamforming architectures
 may be expected in the high end of the new radio spectrum. Furthermore, it’s expected that similar tendency in transceiver and antenna architecture can be considered for the UE side as well. However, it’s to be noted that architecture selection is vendor specific and thus no strict applicable carrier frequency range can be defined for different architectures. More detailed information about mMIMO architectures are provided in a companion contribution [4].
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Figure 2 Transceiver architectures.
Observation #1: Full digital, hybrid and analog transceiver architectures and antenna arrays with wide variety of different configurations are envisioned to be used to implement the new radio systems.
Common control signaling refers here to downlink synchronization signal(s), system information transmission in broadcast manner and paging, and random access channel in uplink. When operating in lower carrier frequencies common control plane signaling may be based on wide sector beams at BS for transmission and reception. On the other hand, as discussed above, coverage enhancement will be particularly important at higher carrier frequencies, where the deployments will tend to be mostly coverage limited due to the poor path loss conditions. Severe coverage limited situations pose difficulty that can be overcome with massive MIMO: a sector-beam type of approach for the common control signalling may not be feasible since there wouldn’t be sufficient gain to achieve the needed cell radius. Therefore to improve the cell radius a sweeping narrow beam approach is considered for the common control. In a beam-based common control scheme the BS transmits downlink and receives common control signals and channels via narrow beams in sweeping manner throughout the cell. In general, we believe that it is unwise to limit the support of such operation to specific carrier frequencies. Instead common channel beamforming should be possible to be configured by the system when needed in all frequencies to improve coverage and cell detection.
Observation #2: Both sector beam and beam based common control strategies are applicable for the new radio systems.
It is clear that a single 5G RAT specification should be targeted that encompasses the likely BS transceiver architectures and the sector-based and sweeping-based common control strategies. Furthermore, a 5G UE performing procedures related to common control plane, e.g. cell search and initial access into 5G cell, should not need to know the transceiver architecture at the BS or whether the common control signalling is sector beam based or sweeping based. In other words, physical layer procedures related to common control plane should be BS transceiver architecture and common control plane strategy (sector beam or sweeping based) agnostic as much as possible. 
Proposal #1: 5G RAT specification should be transceiver architecture agnostic. 
Proposal #2: 5G system design should allow full scalability in terms of number of transceiver units and antenna ports at the BS and UE. 

Proposal #3: 5G system should be adaptable to sector beam and beam based common control signalling. 
Proposal #4: Physical layer procedures should be transceiver architecture agnostic as much as possible.

3
Frame structure support for beam based common control

In case the BS operates in beam based manner for common control signalling (typical for hybrid/analog beamforming architecture), sweeping of BS beams in time domain is performed for downlink common control signalling transmitted in broadcast manner, such as DL synchronization signalling, system information and paging, and for uplink random access channel to cover the whole cell. In order to isolate the impact of sweeping/scanning operation in the new radio frame structure and to facilitate opportunities for UE power saving, it makes sense to concentrate sweeping common control plane functionality into specific subframes, called as sweeping subframes. The overhead from the sweeping subframes should be minimized. 
Proposal #5: Sweeping subframes need to be defined in order to support beam based common control plane both in DL and UL. The overhead from the sweeping subframes should be minimized.
Figure 3 presents an example of periodic sweeping subframes configured for downlink and uplink common control signalling. 

[image: image3.png]DL sweeping subframe (DL
> common control)

:I I I I I I: UL sweeping subframe

(UL common control)

DL Common

DL/UL Data
control periodicity |:|

subframes

Eg. syncsignal(s), DL sweeping blocks UL sweeping blocks

PBCH, Beam E.g. RACH
reference signals resources
eNB
sweeping

patterns





Figure 3. Principle of sweeping subframe.
A sweeping subframe consists of several sweeping blocks where each block may comprise one or multiple symbols. There may be sweeping subframes with fixed and pre-determined periodicity, and also sweeping subframes with more configurable resource allocation in terms of periodicity and radio resources. Sweeping subframes with fixed periodicity and allocation are used for DL common control signaling needed by the UE to perform initial cell search, DL synchronization and system information signalling. Sweeping subframes with configurable allocation can be used for UL random access channel, and possible also for DL paging and provisioning of additional system information in broadcast manner if needed. 
Observation #3: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed. 
In DL sweeping subframe each block is self-detectable and conveyed information is self-decodable. In other words, UE can receive all the common control signalling of the sweeping subframe from one block only. From each block UE can also to derive BS configuration and operating mode (e.g. number of antenna ports at BS, number of beams at BS, number of sweeping blocks per sweeping subframe(s), etc). In addition, there is an opportunity for RF beam switching within each sweeping block to provide transmitter guard time to change analog beam configurations from one block to another. In each block one or multiple parallel beams (depending on BS configuration) may be used to transmit DL common control (DL sweeping subframe) or receive UL common control (UL sweeping subframe) at the BS. Beam patterns and widths used by BS are implementation specific and beams within a block and among different blocks may have different beam characteristics. There can also be radio resources for dedicated control and data in sweeping subframes.
At the end of sweeping block transmissions in a sweeping subframe the BS should have covered all the spatial area of interest in terms of common control transmission. Certainly the amount of beams per sweep and amount of sweeping blocks should be flexible in the sense that they account for both UE complexity as well as for the BS needs in terms of spatial coverage. On the UE complexity side we note that the UE needs to monitor each sweeping block in order to maintain synchronization and track BS beams over time. Tracking of BS beams from periodical DL sweeping subframes can be a basis for the beam based user plane operation as well.
4
Conclusion
In this contribution we have discussed about the need for frame structure support for a beam-based common control plane in 5G new radio systems. Based on the discussion the following observations and proposals are made:
Observation #1: Observation #1: Full digital, hybrid and analog transceiver architectures and antenna arrays with wide variety of different configurations are envisioned to be used to implement the new radio systems.
Observation #2: Both sector beam and beam based common control strategies are applicable for the new radio systems.
Proposal #1: 5G RAT specification should be transceiver architecture agnostic. 

Proposal #2: 5G system design should allow full scalability in terms of number of transceiver units and antenna ports at the BS and UE. 

Proposal #3: 5G system should be adaptable to sector beam and beam based common control signalling.

Proposal #4: Physical layer procedures should be transceiver architecture agnostic as much as possible.
Proposal #5: Sweeping subframe need to be defined in order to support beam based common control plane both in DL and UL. The overhead from the sweeping subframes should be minimized.
Observation #3: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed.
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� Analog beamforming architecture is a subset of hybrid architectures having only one single or dual-polarization beam available at a time. 





