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Discussion
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 [3], basic frame structure principles for new radio were 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 [4], motivation for the need of beam based common control was discussed. In this contribution, we provide further discussion into the high level solution domain from frame structure point of view.
2
Frame structure support for beam based common control

Beam based common control means sweeping of narrow BS beams for transmitting DL and receiving UL common control signalling. Sweeping of BS beams in time 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 be able to cover the whole cell. Such a transmission and reception strategy is envisioned to be typical at higher carrier frequencies (> ~ 6GHz) but there is no reason to prevent its use also at lower carrier frequencies for coverage extension. It is to be noted that in LTE dedicated control and data channels can be beamformed, but there is no beamforming support for common control plane.

In order to isolate the impact of sweeping 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 1: 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 1 presents an example of periodic sweeping subframes configured for downlink and uplink common control signalling. 
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Figure 1. Principle of sweeping subframe.
A sweeping subframe consists of several 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, system information signaling and cell/beam measurements. Those signals are considered to form a discovery signaling which is considered as a basis for NR system operation. Further discussion about discovery signaling in sweeping subframes is given in subsequent section. 

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 when needed. Even the main principle is to limit e.g. system information transmitted in broadcast manner, there is need for LTE SIB1/2 type of system information signaling in broadcast manner in case of standalone deployment.
Observation 1: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed. 

2.1 Downlink Sweeping for Discovery Signaling

One of the main use cases of downlink sweeping is downlink discovery signalling [5], which comprises for instance signals for cell search, time and frequency synchronization acquisition, essential system information signalling and cell/beam measurements (e.g. RRM measurements). 

Because of the need for sweeping and thus basically repetition of the same signals and information, the time duration of one block should be minimized in order to minimize system overhead. As also discussed in [5], discovery signal in beam based system may be associated with beam reference signals (BRS) so that BS can “advertise” its beams to be used for both DL and UL signalling with UEs. It is natural to have BRS as part of sweeping blocks and thus add on part of the discovery signal as both discovery signal and BRS need to be swept periodically throughout the cell.
In DL sweeping subframe for discovery signalling each discovery signal block is self-detectable and the conveyed information is self-decodable. In other words, the UE can receive all information conveyed in discovery signal from one block only. From each discovery signal the UE can derive BS configuration and operating mode (e.g. total number of beams at BS, number of parallel beams at BS, number of discovery 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 analogue beam configurations from one block to another. 
The discovery signal block in a beam based system may comprise:

· Search and synchronization signals for

· Cell detection

· Symbol, subframe and frame timing acquisition

· Cell ID determination

· Physical Broadcast Channel for conveying

· Essential system information and BS configuration parameters
· Beam reference signal for

· Beam detection, cell/beam measurements
· For PBCH demodulation

Discovery signal block transmission shall support scalability in terms of number of antenna ports and parallel RF beams. As an example, the BS may operate using a hybrid architecture with four cross-pol subarrays forming four parallel cross-pol RF beams. In one discovery block the BS transmits a discovery signal via four RF cross-pol beams in parallel. For instance for PBCH in discovery signal block, a scalable transmission diversity scheme could be considered to provide robustness in various deployments and channel conditions. There are situations where the UE “sees” one strong cross-pol beam and UE should be able to demodulate PBCH using that strong beam only. Further, there are situations where UE is “between” beams, or in other words, the UE sees multiple BS beams with somewhat the same received power levels. In that case, it would be beneficial to be able to perform diversity combining using all those beams having relatively the same level. Furthermore, the discovery signal should support scalable number of beams in terms of orthogonal BRS resources within a cell. Thus, it is concluded that the transmission methods for discovery signal and its physical signals and channels should support scalability in terms of number of parallel antenna ports.
Proposal 2: Physical signals and channels of a discovery signal block transmission shall support scalable number of antenna ports for the included signals like PBCH, BRS and synchronization signals.
The total number of beams the BS is using as well as the number of parallel beams is up to the BS implementation and configuration. One sweeping subframe supports a finite number of beams altogether, i.e. there may be max N beams per block and M blocks per sweeping subframe making together NxM beams per sweeping Subframe at maximum. Thus, to support different BS implementations and configurations, a configurable number of sweeping subframes per full sector sweep needs to be supported. 

At the end of the downlink sweeping block transmissions across one or multiple sweeping subframe(s) the BS should have covered all the spatial area of interest in terms of discovery signalling. 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 both in serving and detected neighbour cells. 
2.2 Uplink Sweeping for UL PRACH
One usage of uplink sweeping subframe is uplink Random Access Channel (RACH) where BS receives uplink PRACH preamble transmissions from UEs using sweeping of beams. Other use cases for UL sweeping subframe could be signals requiring periodic allocation, for instance scheduling request type signal. Periodic signalling is expensive in systems where the number of TXRUs and correspondingly number of parallel beams (assume narrow RF beams) are limited (i.e. when operating using hybrid architecture). Given large system bandwidths, at least in higher carrier frequencies, multiplexing of PRACH and scheduling request (SR) into the same sweeping subframe(s) could be beneficial to minimize system overhead caused by periodical UL signals.
For UL PRACH, the high level idea is to utilize BS beam reciprocity and enable UE to transmit PRACH preamble when BS is receiving using beam(s) with high array gain towards the transmitting UE (Figure 2). That means the PRACH resources are associated with BS beams which are advertised periodically through DL discovery signalling, which conveys beam specific reference signals.
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Figure 2 Association between BS beams and PRACH resources.

UE would select the best or preferred BS beam based on BRS measurements of downlink discovery signalling and would select the corresponding PRACH resource for PRACH preamble transmission. Selection of the PRACH resource based on the BS beams enables the following:
· A high RX array gain can be achieved for the PRACH preamble

· The BS can learn the preferred BS beam to be used for subsequent transmissions to/from UE (in RACH procedure)

· PRACH preamble transmissions can be avoided when the BS is not receiving from the spatial direction UE’s signal would occupy.
· PRACH capacity can be maximized by allowing the UE to transmit only on one PRACH resource per full PRACH sweep

Observation 2: Association between BS beams and PRACH resources is needed, and correspondingly between downlink and uplink sweeping subframe.
As discussed specifically in [6], different PRACH numerologies are needed to support different deployments scenarios. That means that different PRACH transmission slot lengths would be needed. Here the UL sweeping block would comprise one PRACH slot in time. That implies having to support sweeping blocks of different sizes and correspondingly different numbers of sweeping blocks per sweeping subframe (Figure 3). 
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Figure 3 Different PRACH configurations and corresponding different sweeping block lengths.
Observation 3: Sweeping subframe may have different number of sweeping blocks. E.g. in case of PRACH different PRACH numerologies imply different sweeping block lengths and thus different number of blocks per subframe.
3
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: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed.

Observation 2: Association between BS beams and PRACH resources may be defined.
Observation 3: Sweeping subframe may have different number of sweeping blocks. E.g. in case of PRACH different PRACH numerologies imply different sweeping block lengths and thus different number of blocks per sweeping subframe.
Proposal 1: 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.
Proposal 2: Physical signals and channels of a discovery signal block transmission shall support scalable number of antenna ports for the included signals like PBCH, BRS and synchronization signals.
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