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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]. 
This contribution discusses about frame structure support for downlink and uplink multi-beam common control plane signalling.
2
Discussion
As discussed in [3], downlink common control signal transmission methods should support: 

1)
Single-beam without repetition

2)
Single-beam with repetition

3)
Multi-beam without repetition

4)
Multi-beam with repetition
Further as described in [3], agnostic discovery signaling scheme is provided to all above BS configurations where a discovery signal may comprise synchronization signals, physical broadcast channel and beam reference signal(s). In a multi-TRP configuration, TRPs of the cell would transmit synchronization signals and NR-PBCH in SFN manner whereas BRSs would uniquely identify beams transmitted from TRPs. Furthermore, NR should support flexible configurations in terms of total number of BS beams and number of parallel BS beams for discovery signal transmissions. 
Proposal 1: Flexible configuration possibilities for discovery signal transmissions in terms of total number of BS beams and number of parallel beams should be supported. 
As illustrated in [5] hybrid transceiver architecture receiver at BS may be enhanced by digital subsystem e.g. to receive PRACH and other uplink control signaling without requiring time domain beam sweeping operation. Thus, in this case multi-beam downlink could be associated with single-beam uplink for PRACH. There could still be association between BRSs and PRACH resources to signal the BS the preferred DL beam. If TX/RX reciprocity was available at BS, the UL beam e.g. for UL data reception at BS could be derived from the selected PRACH resource and/or by the digital subsystem receiver. If TX/RX reciprocity was not available at BS, the BS could derive UL beam used by hybrid array by the digital subsystem receiver. Thus, PRACH configuration should support multi-beam DL and single-beam UL.

Proposal 2: Support the following downlink and uplink operating mode combinations:

1) Single-beam DL and single-beam UL
2) Multi-beam DL and single-beam UL
3) Multi-beam DL and multi-beam UL
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 3: 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 [4].
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.
Proposal 4: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed. 

Proposal 5: A DL sweeping subframe:

· Is scheduled with a periodicity (FFS: configurable by the network or fixed in specification for stand alone mode) of M symbols/subframes

· Consists of N consecutive sweeping symbols/blocks, each block transmitting at least a discovery signal

· Each sweeping symbol/block may contain up to P beams.
When operating with hybrid architecture at BS, frequent beam sweeping in sweeping subframes may make it challenging to support any DL data transmission or UL data reception at BS if all TXRUs are allocated for the multi-beam sweeping. In case of high number of BS beams in total, the beam sweeping may cause some time caps to the data transmission possibility. Thus, it’s seen beneficial to allow BS to transmit not only NR-PDCCH in DL sweeping subframes but also NR-PDSCH by not allocating all TXRUs for the sweeping operation. Of course, by doing that the sweeping times becomes longer but transmission caps may be removed. 
Proposal 6: Support transmitting NR-PDCCH and ND-PDSCH in DL sweeping subframes. 

Corresponding to beamformed downlink common control support, beamformed uplink common control is needed. UL multi-beam common control should provide means for BS to perform RX beam sweeping for uplink random access preamble transmissions. Separate UL sweeping subframes are needed, as proposed in [2]. Similar to downlink, BS configuration related to number of parallel beams and total number of RX beams is vendor specific. Thus, uplink beam sweeping for uplink multi-beam common control should be scalable in terms of number of parallel and total number of RX beams at the BS.
Proposal 7: Uplink multi-beam beam sweeping design should support scalability in terms of number of parallel and total number of RX beams at BS.
Periodic signalling is expensive in systems where the number of TXRUs and correspondingly number of parallel beams (assuming narrow RF beams) are limited, i.e. when operating using hybrid architecture. Further, given large system bandwidths, at least at higher carrier frequencies, multiplexing of PRACH, scheduling request (SR) and beam management and UL beam training/tracking related signals, into the same sweeping subframe(s) is seen beneficial.

Observation 3: UL Beam sweeping subframes can be used for UE specific periodic signaling, beam management related signaling and UL beam training/tracking related signals together with PRACH. 

An exemplary structure about multiplexing SR and PRACH within uplink beam sweeping resources is provided in 

[image: image2.png]Configurable period UL Sweeping subframe
B ESE—

UL Sweeping blocks

SR Sweeping
symbol can be
received from

SR one or multiple
beamsin
parallel

PRACH
PRACH

—
E.g. one (PRACH) symbol




Figure 2 Example of uplink beam sweeping resources used for PRACH and SR signaling.
Similarly, it would be beneficial to allow UE dedicated control and data transmissions during UL sweeping subframes as well.
Proposal 8: Support transmitting NR-PUCCH and NR-PUSCH in UL sweeping subframes.
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:
Proposal 1: Flexible configuration possibilities for discovery signal transmissions in terms of total number of BS beams and number of parallel beams should be supported.
Proposal 2: Support the following downlink and uplink operating mode combinations:

1) Single-beam DL and single-beam UL
2) Multi-beam DL and single-beam UL

3) Multi-beam DL and multi-beam UL
Proposal 3: 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. 

Proposal 4: Sweeping subframes with fixed and pre-determined allocation as well as sweeping subframes with configurable allocation are needed. 

Proposal 5: A DL sweeping subframe:

· Is scheduled with a periodicity (FFS: configurable by the network or fixed in specification for stand alone mode) of M symbols/subframes

· Consists of N consecutive sweeping symbols/blocks, each block transmitting at least a discovery signal

· Each sweeping symbol/block may contain up to P beams.
Proposal 6: Support transmitting NR-PDCCH and ND-PDSCH in DL sweeping subframes. 

Proposal 7: Uplink multi-beam beam sweeping design should support scalability in terms of number of parallel and total number of RX beams at BS.

Proposal 8: Support transmitting NR-PUCCH and NR-PUSCH in UL sweeping subframes.
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