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1. Introduction
It was agreed in the agenda item 8.1.6 of RAN1#86 [1] that
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
It was also agreed in the same meeting that [1]
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology

· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands
In light of these agreements, we believe it is appropriate to define a basic building block in the unified framework for the downlink transmission of NR initial access that can be configured for use in different deployment scenarios. This basic construction block should contain at least the synchronization signals and broadcast channel carrying information required to proceed with the initial access procedure. For lack of better term, we will refer to this downlink transmission as “beacon” and the basic building block as a “basic beacon unit.”
Proposal 1: As a building block for the unified framework of NR initial access, RAN1 should define a downlink Basic Beacon Unit and the associated parameters for its configuration to adapt to different beamforming assumptions, carrier frequencies, duplexing schemes, sub-carrier spacing, and other operating scenarios.

2. Basic Beacon Unit
We begin by defining a construction block of the NR downlink transmission for the purpose of initial access. We refer to this construction block as a Basic Beacon Unit, which comprises: 
1. Synchronization signal(s) for initial time-frequency synchronization and cell/TRP/beam identification
2. Broadcast payload and associated reference signals for the demodulation of payload
3. Optional: additional reference signals for other purposes such as measurement for RRM or channel state information
4. Optional: additional common control channel

Proposal 2: A basic beacon unit comprises at least one or more synchronization signals, a broadcast channel carrying information needed for initial access, and reference signal for the demodulation of the broadcast channel. It may optionally comprises additional reference signals and common control channel. 

It is also agreed in RAN1#86 that NR synchronization signal is based on CP-OFDM while DFT-spread-OFDM based design is not precluded. Therefore, the basic beacon unit can be defined in a certain number of sub-carriers over a certain number of OFDM symbols, irrespective of the underlying numerology. For a truly unified framework, there should only be one such basic unit, which is then configured with parameters for use in different deployment scenarios. To make the design as unified as possible, the number of different definitions of these basic units should preferably kept as small as possible.
Proposal 3: A basic beacon unit is based on CP-OFDM and defined in a certain number of sub-carriers over a certain number of OFDM symbols, irrespective of the underlying numerology. RAN1 should strive for specifying only one or a small number of such basic beacon units.
With the definition of the basic beacon unit(s), the downlink transmission of a unified framework for NR initial access is taking shape. The NR downlink beacon transmission can be configured for use in different deployment scenarios by the following parameters:

1. sub-carrier spacing in the basic beacon unit (15 kHz, 30 kHz, 60 kHz, 120 kHz, etc.)
2. Intervals between beacons, or periodicity in case of periodic transmission (5ms, 10ms, 20ms, 40ms, etc.)

3. Offset with respect to the carrier’s center frequency

4. Beamforming (when multi-beam is adopted)

5. Multiplexing scheme (time, frequency, space, contiguous or interleaved)
Configuration of the basic beacon unit is fixed throughout an extended period of time. Change of configuration can be signalled or blindly detected.
Proposal 4: The downlink beacon transmission of a unified framework for NR initial access can be at least configured by the following parameters: sub-carrier spacing, beacon interval, offset in frequency with respect to the carrier’s center frequency, beamforming and multiplexing scheme.
3. Examples for Basic Beacon Unit
Figure 1 shows some examples for the basic beacon unit. Figure 1(a) is the SSS/PSS and PBCH transmitted in the first sub-frame of every frame in the FDD mode of LTE. Figure 1(b) is taken from the Verizon 5G specification [2]. Each basic unit in design (b) occupies 1200 sub-carriers in one OFDM symbol. This basic unit can be transmitted 14 consecutive times, each with a different beam direction. The sync. 1 and sync. 2 in design (b) are LTE PSS and SSS respectively, while sync. 3 is another Zadoff-Chu based sequence used for beam identification.

Alternatively, the basic unit may occupy fewer number of sub-carriers over a larger number of symbols, as shown in Figure 1(c). Clearly the number of REs in design (c) is much greater than other two designs and thus has to be transmitted less frequently to be comparable in overhead. More details on design (c) and its performance can be found in our companion contributions [3][4].
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Figure 1: examples for basic beacon unit

The basic beacon unit can be transmitted once or repeated multiple times in a burst. Typically, transmission of multiple basic beacon units in one burst is intended for multi-beam operation. In addition to time division multiplexing, the multiple units in a burst can also be frequency division or spatial division multiplexed if the antenna port virtualization allows. This can reduce the beacon duration. The interval between two bursts of basic beacon units is referred to as the beacon interval. By adjusting parameters such as the beacon interval, the number of units in a burst and their beamforming and multiplexing schemes, a unified yet flexible framework can so be created.
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Figure 2: Downlink beacon structure
4. Conclusion
In summary, we have the following proposals for NR downlink beacon transmission:
Proposal 1: As a building block for the unified framework of NR initial access, RAN1 should define a downlink Basic Beacon Unit and the associated parameters for its configuration to adapt to different beamforming assumptions, carrier frequencies, duplexing schemes, sub-carrier spacing, and other operating scenarios.

Proposal 2: A basic beacon unit comprises at least one or more synchronization signals, a broadcast channel carrying information needed for initial access, and reference signal for the demodulation of the broadcast channel. It may optionally comprises additional reference signals and UE specific control channel. 

Proposal 3: A basic beacon unit is based on CP-OFDM and defined in a certain number of sub-carriers over a certain number of OFDM symbols, irrespective of the underlying numerology. RAN1 should strive for specifying only one or a small number of such basic beacon units.

Proposal 4: The downlink beacon transmission of a unified framework for NR initial access can be at least configured by the following parameters: sub-carrier spacing, beacon interval, offset in frequency with respect to the carrier’s center frequency, beamforming and multiplexing scheme.
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