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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 of two coverage enhancement approaches for broadcast channels/signals: single-beam repetition and multi-beam sweeping. 
Coverage Enhancement Approaches
In RAN1#85, it was agreed that RAN1 studies both multi-beam and single-beam based approaches for broadcast channels/signals such as synchronization signals, system-information delivery channels, and RRM measurement signals. In single-beam approach, a wider beam is generally used to cover the whole coverage area. Since the beam width is wider, the coverage distance is shorter. In contrast, the multi-beam approach utilizes multiple narrower beams to cover the whole coverage area. In multi-beam approach, each beam can cover a longer distance but can only cover a part of the coverage area due to the narrower beam width. Figure 1 shows the single-beam and multi-beam based approach both for DL and UL directions.



Figure 1. Single-beam and multi-beam based approaches

[bookmark: _GoBack]There are two optional methods to enhance the coverage of transmitting broadcast channels/signals. One optional method is a signal repetition with a single beam which is able to cover the whole coverage area. Another optional method is a multi-beam based approach using beam sweeping. The multi-beam based approach generates multiple beams with better penetration than the single beam used in the single-beam based approach. 

Analog BF (A-BF)/Hybrid BF (H-BF) architectures are generally utilized in high carrier frequency system. The coverage enhancement can be achieved with A-/H-BF architecture through either single-beam repetition or multi-beam sweeping. In order to generate wide beam in A-/H-BF architecture, two beam generation methods can be considered. One is to utilize the unequal gain weight, which inherently causes the power loss. The other is to superpose the multiple narrow beams which steer into adjacent directions with assumption of equal gain weights. Here, it is required to have sufficient large number of TXRUs or superposed beams for generating wide beam enough for the whole cell coverage. In case of A-/H-BF architecture, the large number of antenna elements per panel might be assumed (e.g. around 32~64) for coverage enhancement especially in over-6GHz band. So, the beam-width generated in each panel is very narrow, which means that the large number of TXRUs should be necessary for wide beam generation. It is not likely to be practical and efficient considering that the complexity of A-/H-BF, which results in that multi-beam based approach is more favorable than single-beam repetition for A-/H-BF architecture.

Observation 1: Single-beam generation with A-/H-BF architecture without loss of power is challenging.

Due to above observation on the drawback of using single-beam based approach in A-/H-BF architecture, it is more natural to consider multi-beam sweeping only to achieve the coverage enhancement of broadcast channels/signals with A-/H-BF architecture.

Proposal 1: Adoption of multi-beam sweeping in coverage enhancement of broadcast channels/signals for A-/H-BF architecture.

For system with D-BF architecture, it is needed to further study whether single-beam repetition or multi-beam sweeping is more beneficial for coverage enhancement of broadcast channels/signals. 

Proposal 2: Down-selection between single-beam repetition and multi-beam sweeping of broadcast channels/signals for D-BF architecture by comparing pros and cons of two methods.

In RAN1#85, it was also agreed that unified physical layer procedure design is required at least for synchronization whether single-beam or multi-beam is assumed at TRP in a band agnostic manner. However, we need further study which option is better for NR in terms of system efficiency: one option is to prefer a UE agnostic physical layer procedure and another option is pursuing architecture and/or beam type specific optimization. For designing unified frame using either option, we may need to consider a transmit operation scenario of a TRP, which is associated with the architecture (e.g., D-BF or A-/H-BF) and beam type for broadcast channels/signals transmission (e.g., single-beam or multi-beam). In this contribution, it is suggested to consider, and possibly down select, the following TRP transmit operation scenarios as viable use cases for designing initial access procedures and signals: D-BF with single-beam transmission, D-BF with single-beam repetition or multi-beam sweeping, and A-/H-BF with multi-beam sweeping. It needs to be studied whether all the TRP transmit operation modes need to be taken into account in designing the unified framework or not.

Proposal 3: Consider, and possibly down select, the following TRP transmit operation scenarios as viable use cases for designing initial access procedures and signals:
· D-BF, single-beam transmission
· D-BF, single-beam repetition or multi-beam sweeping
· A-/H-BF, multi-beam sweeping

In the case of the UE agnostic unified framework, a single common physical layer procedure should be operable for all the selected TRP transmit operation modes. Alternatively, accommodating different TRP transmit operation scenarios can also be done by supporting multiple broadcast channel/signal designs within a same unified framework. More details of unified physical layer procedure are discussed in our companion contribution [3].

Conclusions
The observation and proposals of this contribution are summarized below:

Observation 1: Single-beam generation with A-/H-BF architecture without loss of power is challenging.

Proposal 1: Adoption of multi-beam sweeping in coverage enhancement of broadcast channels/signals for A-/H-BF architecture.
Proposal 2: Down-selection between single-beam repetition and multi-beam sweeping of broadcast channels/signals for D-BF architecture by comparing pros and cons of two methods.
Proposal 3: Consider, and possibly down select, the following TRP transmit operation scenarios as viable use cases for designing initial access procedures and signals:
· D-BF, single-beam transmission
· D-BF, single-beam repetition or multi-beam sweeping
· A-/H-BF, multi-beam sweeping
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