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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#85, the following was agreed [2]:

Agreements:
· Following three implementations of beamforming are to be studied in NR
· Analog beamforming
· Digital beamforming
· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

This contribution discusses design aspects of system information (SI) delivery channel(s) transmitted before RACH and compares four design alternatives with pros and cons. Detailed contents of SI channel(s) for multi-beam support is also discussed in this contribution.

SI delivery channel design before RACH for multi-beam support
Initial access signals may include synchronization signals (nrSS), SI delivery channel(s) before RACH, and RACH and needs to be cell-common. To make sure that all the UEs can acquire nrSS and SI before RACH in enhanced coverage system, multi-beam sweeping needs to be supported. Note that it is verified in our companion contribution [3] that supporting beam sweeping for initial access signals instead of single-beam repetition is beneficial.
For SI delivery channel design, several aspects need to be considered:
Resource required for SI delivery channel(s) transmission before RACH
Multiplexing between nrSS (which includes at least nrPSS and nrSSS, and possibly another signal for symbol timing) and SI delivery channel(s)
Minimum system BW
Based on the aspects above, there are at least four alternative designs of SI delivery channel(s):
Alt 1. FDM of nrSS and SI delivery channel(s) in a minimum system BW
Alt 1-1. Common channel for MIB/SIB transmission
Alt 1-2. Separate channels for MIB and SIB transmission
Alt 2. TDM of nrSS and SI delivery channel(s)
Alt 2-1. Common channel for MIB/SIB transmission
Alt 2-2. Separate channels for MIB and SIB transmission

Figure 1 shows an exemplary SI delivery channel designs of each alternative.


 Figure 1. Example of SI delivery channel designs

It is well known that analog-BF (A-BF)/hybrid-BF (H-BF) architectures are generally utilized in high carrier frequency system. For multi-beam based operation with A-/H-BF architecture, it is desirable to keep less beam sweeping instances (e.g., beam sweeping SF), especially when the beam swept symbols are transmitted in a consecutive manner, to minimize the system inefficiency. As the (analog-)beam directions are changed in consecutive symbols for beam sweeping, it may be limited to send data during the beam sweeping instances. In this sense, for the system which applies multi-beam sweeping to nrSS and SI delivery channel(s) before RACH transmission with A-/H-BF architecture, it is more desirable to FDM those channels, as far as the minimum BW is large enough. Note that the same restriction would not be applied for multi-beam based system with D-BF architecture. For D-BF architecture, TDM can be beneficial in the sense of wider coverage of nrSS and SI delivery channel(s).
Alt 1-1 is the preferred design for multi-beam based system with A-/H-BF architecture in the sense of system efficiency. However, depends on the minimum system BW, it would not be available to transmit all the SI in a minimum system BW before RACH when nrSS and SI delivery channel(s) are FDMed. In this case, Alt 1-2 which provides separate channels for MIB and SIB, where only MIB delivery channel is FDMed with nrSS can be considered.
If only very small BW is allowed for a minimum system BW, it is inevitable to TDM between nrSS and SI delivery channel(s) (i.e., Alt 2-1 and Alt 2-2) which is not favoured for multi-beam based system with A-/H-BF architecture. However, enhanced system efficiency compared to Alt 2-1 can be expected with Alt 2-2 by controlling the frequency of SIB transmission.

Proposal 1: Multi-beam sweeping is required for SI delivery channel(s) before RACH.
Proposal 2: FDM between nrSS and SI delivery channels for multi-beam based system with A-/H-BF architecture is beneficial in the sense of system efficiency.
Proposal 3: Study necessity of separate channel design for MIB and SIB. The following needs to be considered in the study:
Resource required for SI delivery
Multiplexing between nrSS and SI delivery channel(s)
Minimum system BW
Proposal 4: Study transmission scheme/method (e.g., diversity) for SI delivery channels before RACH.

Detailed contents of system information for multi-beam support
Other than typical information such as system frame number (SFN) and the system BW, the following information with detailed contents may be contained in SI delivery channel(s) to support the multi-beam based system. Here, the term BRS (beam RS) is used to refer to signal(s) utilized for RRM purposes.
· Info 1: Configuration of non-UE-specific signals for DL RRM measurement
· # of antenna ports for BRS
· # of symbols/SFs for BRS
· Periodicity of BRS
· Info 2: Configuration of RACH under the consideration of multi-beam [4]
· Relationship between beam and RA resource, when beam reciprocity holds
· # of RACH preamble transmission per TRP RX-UE TX beam pair, when beam reciprocity is not guaranteed
· Info 3: Configuration of SIB delivery channel in MIB
· Periodicity of SIB delivery channel

Info 1 can be configured for i) NR mobility for IDLE and CONNECTED UEs [5, 6], and ii) beam association for RA when the channel reciprocity is assumed. Meanwhile, Info 3 can be configured only when the separate channels for MIB and SIB are designed.

Proposal 5: The following information can be included in SI delivery channel(s) to support multi-beam based system:
· Configuration of non-UE-specific signals for DL RRM measurement
· Configuration of RACH under the consideration of multi-beam
· Configuration of SIB delivery channel (if used) in MIB

Conclusions
The proposals of this contribution are summarized below:
Proposal 1: Multi-beam sweeping is required for SI delivery channel(s) before RACH.
Proposal 2: FDM between nrSS and SI delivery channels for multi-beam based system with A-/H-BF architecture is beneficial in the sense of system efficiency.
Proposal 3: Study necessity of separate channel design for MIB and SIB. The following needs to be considered in the study:
Resource required for SI delivery
Multiplexing between nrSS and SI delivery channel(s)
Minimum system BW
Proposal 4: Study transmission scheme/method (e.g., diversity) for SI delivery channels before RACH.
Proposal 5: The following information can be included in SI delivery channel(s) to support multi-beam based system:
· Configuration of non-UE-specific signals for DL RRM measurement
· Configuration of RACH under the consideration of multi-beam
· Configuration of SIB delivery channel (if used) in MIB
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