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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#86bis, the following was agreed [2]:

Agreements:
· 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

This contribution discusses design aspects of essential system information (SI) delivery channel(s) for over 6GHz which includes information for initial access and random access (RA) procedure. Based on the design aspects, three options of broadcasting schemes are compared with pros and cons. Detailed contents of SI channel(s) for multi-beam support is also discussed in this contribution.

Essential SI delivery channel design and considerations for multi-beam support
1.1  Consideration on essential SI transmission
Before performing RA, it is unavailable to associate TRP Tx and UE Rx beam. Therefore, the essential SI which carries information for initial access and RA needs to be transmitted by all the beams with beam-sweeping to make sure that all the UEs can acquire the essential SI.
Proposal 1: Multi-beam sweeping is required for transmitting essential SI which carries information for initial access and RA.

Moreover, to achieve good link budget in the high path loss environment, transmit diversity scheme is beneficial for essential SI delivery channel(s). The exact scheme (e.g., SFBC, or any UE-transparent scheme) is to be studied.
Proposal 2: Enable the use of transmit diversity scheme for essential SI transmission (exact scheme FFS).

Essential SI delivery channel(s) can be transmitted in a same period as the NR-SS. However, the payload in the channel(s) may not change for integer multiple (i.e., X) of the periodicity, hence, allow combining at UE. Along with the transmit diversity scheme, combining of the information enables robust transmission of essential SI. Considering multi-beam sweeping, moreover, the essential SI transmitted from multiple beams can be combined at UE even in a single burst (in a single period) of the essential SI delivery channel(s) if UE can detect multiple transmissions.
Proposal 3: The payload of the essential SI channel(s) may not change for integer multiple, X, of the periodicity of the channel(s). X is FFS.

1.2  Essential SI delivery channel design
As agreed in RAN1#86b, three options can be considered for essential SI delivery channel(s) design. To down-select one option out of three, several aspects need to be considered:
Resource required for essential SI delivery
Multiplexing between NR-SS and essential SI delivery channel(s). NR-SS includes at least NR-PSS and NR-SSS, and possibly another signal for slot timing
Minimum system BW for a given frequency range
For example, when the minimum system BW is not large enough to transmit all the essential SI, it is inevitable to select Option 1 or 2 which adopts more than one channel for essential SI transmission.

Proposal 4: Study necessity of utilizing more than one channel for essential SI delivery. The following needs to be considered in the study:
Resource required for essential SI delivery
Multiplexing between NR-SS and essential SI delivery channel(s)
Minimum system BW for a given frequency range

Based on the aspects above, there are at least four alternative designs of essential SI delivery channel(s):
Alt 1. FDM of NR-SS and NR-PBCH in a minimum system BW
Alt 1-1. Option 3
Alt 1-2. Option 1/2
Alt 2. TDM of NR-SS and NR-PBCH
Alt 2-1. Option 3
Alt 2-2. Option 1/2
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 NR-SS and essential SI delivery channel(s) 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 essential 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 essential SI in a minimum system BW. In this case, Alt 1-2 where only NR-PBCH is FDMed with NR-SS and an additional channel other than NR-PBCH is utilized for essential SI delivery can be considered.
If only very small BW is allowed for a minimum system BW, it is inevitable to TDM between NR-SS and essential 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 transmission frequency of the channel which carries remaining essential SI.

Proposal 5: FDM between NR-SS and NR-PBCH for multi-beam based system with A-/H-BF architecture is beneficial in the sense of system efficiency.

Conclusions
The proposals of this contribution are summarized below:
Proposal 1: Multi-beam sweeping is required for transmitting essential SI which carries information for initial access and RA.
Proposal 2: Enable the use of transmit diversity scheme for essential SI transmission (exact scheme FFS).
Proposal 3: The payload of the essential SI channel(s) may not change for integer multiple, X, of the periodicity of the channel(s). X is FFS.
Proposal 4: Study necessity of utilizing more than one channel for essential SI delivery. The following needs to be considered in the study:
Resource required for essential SI delivery
Multiplexing between NR-SS and essential SI delivery channel(s)
Minimum system BW for a given frequency range
Proposal 5: FDM between NR-SS and NR-PBCH for multi-beam based system with A-/H-BF architecture is beneficial in the sense of system efficiency.
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