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Introduction
Free space path loss increases with carrier frequency. Transmission in millimeter wave systems could additionally suffer from non-line-of-sight losses, e.g., diffraction loss, penetration loss, Oxygen absorption loss, foliage loss, etc. During initial access, the base station and UE need to overcome these high path losses and discover each other. This contribution discusses several aspects of initial access for millimeter wave systems.

Beam Sweep by the Base Station during the Synchronization and Random Access Period

During the synchronization and random access period, the base station can take two beamforming approaches to compensate for the high free space path loss and additional non-line-of-sight losses. First, the synchronization (random access) signals can be transmitted (received) in a beamformed manner and swept through the angular coverage region (in azimuth and/or elevation). Second, the synchronization (random access) signal can be transmitted (received) for a longer duration with a pseudo-omni beam. 
Beam sweep by the base station during synchronization and random access period has several advantages over pseudo-omni beam transmission or reception with longer duration. These advantages are stated below:

I. The base station needs to know the direction with the user equipment after receiving message 1 of the random access process from the UE. This allows the base station to transmit message 2 of the random access process to the UE in a directional manner and to meet link budget of message 2 transmission. Hence, the base station has to receive message 1 of the random access process by sweeping beams throughout the angular coverage region.

II.  Pseudo-omni beam transmission during synchronization period does not allow the UE to know the best downlink transmit beam. In this scenario, if channel reciprocity does not hold between downlink and uplink, the base station cannot know the index of suitable downlink beam by receiving the random access signal from the UE in a sweeping manner. On the other hand, if synchronization signal is transmitted in a directional manner and even if the reciprocity does not hold between downlink and uplink, the UE can still convey the best downlink synchronization beam to the base station during message 1 transmission of the random access process. 

III. UEs need to receive synchronization signal for a longer duration if base station transmits synchronization signal with an omni beam. The required duration might be greater than channel coherence time. Besides, the phase shift due to the carrier frequency offset might be large so that the UE might have to perform non-coherent combining to receive the synchronization signal. The link budget for synchronization suffers from non-coherent combining (compared to the higher gain that could be achieved through coherent combining). On the other hand, UEs can receive synchronization signal for a shorter duration if base station transmits synchronization signal with a directional beam. In this case, the UE will benefit from the beamforming gain (which is comparable to the coherent combining gain) and the subsequent link budget becomes greater than pseudo-omni transmission. Beam-formed synchronization transmission has other potential benefits, for example: better orthogonalization among neighboring cells that would be very beneficial especially for SSS (cell id) detection.

Proposal 1: The design should allow base stations to sweep beams during synchronization and random access period.
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Figure 1: Beam Sweep during transmitting the Synchronization Signal
Fig. 1 shows how a millimeter wave base station can transmit synchronization signals in a beamformed framework. The base station has M beams and it transmits the synchronization signal using a different beam in different time unit. Suppose UE has four subarrays and N number of beams. UE can try out different beams at different time units. These beams are analog beams, but with multiple ports, sweeps can be done simultaneously in multiple directions.
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Figure 2: The best transmission beam and subarray selected at the UE
Figure 2 shows that the UE selects B5 and Subarray4 as the best synchronization beam and subarray respectively at the end of the synchronization period. 

Different Options to Sweep Beams during the Synchronization Period
Beam sweep can be done in many ways. In one technique, the base station could transmit beams in a hierarchical manner, i.e., it could transmit wide beams followed by narrow beams. In another option, the base station could transmit narrow beams first.
Each option has its own advantages. The first option can help quickly establish an initial link at the cost of peak beamforming gain, which then has to be subsequently refined. The second option is slower, but gets the full peak beamforming gain that could be needed for cell edge users. A detailed description of beam design with different beam widths for hierarchical beam sweeping can be found in [2].
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Figure 3: Beam sweep with different beam widths during the synchronization period
Fig. 3 shows beams with different beam widths that could be used at different stages of the hierarchical beam sweep during the synchronization period.
Proposal 2: Different techniques of beam sweep during the synchronization period should be investigated.

Assumptions Regarding the Periodicity of Beam Sweep and the Time Unit of Each Sweep
The UE needs to know the periodicity of beam sweep and the time unit of each sweep of the synchronization signal. This allows the UE to search for synchronization signal without knowing the actual number of beams.
Proposal 3: The design should allow the UE to be aware of the periodicity of beam sweep and the time unit of each sweep of the synchronization signal.
Usage of Beam Reciprocity between Downlink and Uplink during Random Access Period
Depending on the availability of beam reciprocity between downlink and uplink, the UE can take different approaches to transmit random access signal based on the synchronization beam sweep.
Proposal 4: The presence or absence of beam reciprocity between downlink and uplink channels should be investigated for initial access.

Multiplexing Options of Synchronization Signals
Synchronization signals can be transmitted sequentially from multiple beams through time division multiplexing. Synchronization signals can also be transmitted simultaneously from multiple beams through frequency and space division multiplexing.
Proposal 5: The advantages and disadvantages of different multiplexing options for synchronization signals should be investigated.
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Proposal 1: The design should allow base stations to sweep beams during synchronization and random access period.
Proposal 2: Different techniques of beam sweep during the synchronization period should be investigated.
Proposal 3: The design should allow the UE to be aware of the periodicity of beam sweep and the time unit of each sweep of the synchronization signal.
Proposal 4: The presence or absence of beam reciprocity between downlink and uplink channels should be investigated for initial access.
Proposal 5: The advantages and disadvantages of different multiplexing options for synchronization signals should be investigated.
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