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1. Introduction

In RAN1#86 and RAN1#86bis, initial access considering beamforming aspects were discussed [1][2], and some agreements were achieved respectively as following:

Agreements:

· 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

Agreements:

· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· 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

The main focus of these agreements is on the initial access for NR cell. In this contribution, further details about beam acquisition and initial synchronization for multi-beam based approaches are discussed.
2. Discussion on Initial Access for Multi-beam Based Approach
In high frequency band (>6GHz), the severe propagation loss has significant impact on the cell coverage. To compensate for such losses, beamforming should be applied to enhance the received signal strength where narrow directional beam is used. However, due to the high directionality and the side-effect of the narrow beam, multiple beams are required for necessary coverage range. Consequently, the beam sweeping method is most likely needed in the initial access of NR [1], as an example shown in Fig. 1. According to the width of narrow beam, the cell is divided into N sections corresponding to N beams. In consecutive sweeping subframes, a single beam with certain down tile sweeps from the position of Beam0 to BeamN to realize the whole horizontal coverage. Obviously, at any time, only the UEs in the coverage of the sweeping beam can be served. In Fig1, for beam acquisition, UE1 almost has to wait until the end of sweeping procedure.

[image: image1.emf]B

e

a

m  

0

UE1

UE2

UE3

TRP

Beam N


Figure 1: Example of beam sweeping design for initial access in NR

In the new RAT discussion, different scenarios are defined for various service requirements. And for the scenarios need rapid access or reconnection which could cause by blockage, interference and etc., such as uRLLC scenario, some aspects should be considered for the initial access framework, especially when narrower beam is used in beam sweeping. To reduce the time for beam acquisition in initial access, there are mainly two methods, i.e. increasing sweeping velocity or sweeping with multiple beams simultaneously. Because sweeping velocity is limited by the symbol interval and PSS/SSS cycle, minimum duration of sweeping beam on the certain position is one symbol time length to enable UE complete the correlation process, the former method is not feasible without the change of PSS/SSS subframe. Considering the latter method, owning to the application of massive antenna element array in high frequency band, different sweeping beams with different direction can be synthesized simultaneously by digital or hybrid beamforming method. 
Proposal 1: TRP and UE for NR should support parallel beam sweeping to speed up the initial access.

As an example shown in Fig. 2, two beams in the opposite direction sweep identically in horizontal spatial domain at the same time. Compared with the example in Fig.1, the average time for beam acquisition could be reduced an half. 
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Figure 2: Example of simultaneously sweeping with 2 beams 

Similarly, three beams are used in the same way as the example shown in Fig. 3, where the average beam acquisition time could be shortened to one third at most. Three sweeping beams are uniformed distributed in spatial domain through the sweeping procedure. All beams towards different directions take the same resources in time and frequency domain.
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Figure 3: Example of simultaneously sweeping with 3 beams
Although beam acquisition time could be decreased with the increase in the number of sweeping beams, the implement complexity for both TRP and UE would also increase rapidly. Under a total power constraint, there would be a tradeoff between the initial access time and coverage. 
Like the other methods based on single beam sweeping, the issues concerning Beam ID, symbol index, parallel beam sweeping in UE and the other consideration still need to be investigated further. 
3. Conclusion
In this contribution, we provided our proposal of the initial access based on multi-beam for NR. And we propose that:

Proposal 1: TRP and UE for NR should support parallel beam sweeping to speed up the initial access.
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