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1. Introduction

In RAN1#86bis and RAN1#87, synchronization signal considering beam sweeping aspects were discussed [1][2], and some agreements were achieved respectively as following:
Agreements:

· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case

· FFS: whether SS-block is transmitted by single-beam or multi-beams
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band

· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not

· FFS: CP length

· 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

In this contribution, further details about synchronization signal (SS) transmission based on  multi-beam are discussed.
2. Discussion on Synchronization Signal for Multi-beam Based Approach
To compensate for high propagation loss in mmWave frequency bands during the initial access period for NR, base station and UE can utilize beamforming to enhance the SS by analogy and/or digital beamforming gain. Beam sweeping through the angular space of base station can cover the whole cell coverage. Though narrower beam improves the coverage performance, at the same time, base station has to spend more time sweeping the whole angular coverage space with fixed SS periodicity, which certainly leads to the access delay.
In NR networks, for the scenarios need rapid access or reconnection such as uRLLC, the latency of cell search and access procedure has significantly effect on system performance. The trade off between cell coverage and access delay for initial access should be considered. At the expense of depressed coverage compared with single-beam transmission under the limitation of total transmitting power, multi-beam transmission for SS can decrease initial access delay substantially.
Along with the reference signals transmitted in the same subframe for beam management, consecutive SS blocks transmission in a SS burst set is a better method to obtain rapid SS acquisition and fast initial access consequently, where SS blocks are mapped in consecutive OFDM symbols. Taking a SS burst as an example which is shown in the figure 1, the corresponding resources for SS are allocated within each SS period. The single-beam case and multi-beam case are considered at the same time for comparison. According to the width of beam, the cell angular coverage space is assumed to be divided into N sections corresponding to N beams with different directions respectively. For single-beam case, base station needs to sequentially sweep N sections during a burst, and repeat the similar sweeping process in the next burst. Each SS burst consists of N SS blocks corresponding to N beams (directions). By contrast, for multi-beam case (two-beam for example), base station sweeps the angular space with two beams synchronously, each beam sweeps N/2 sections in a circular manner, so it only take half time to cover the whole angular space compared with the single-beam case. Because only N/2 SS blocks are needed, the overhead for SS transmission is reduced to a half. As indicated with letter “A” in Figure 1, the SS blocks corresponding to N/2 sections are transmitted twice in a burst, namely SS periodicity is shortened in half. By the time diversity, this allocation can improve the reliability of SS signal acquisition for UE. According to the different requirements, base station should select a proper method, and inform UEs of the exact sweeping pattern and resources allocation explicitly or implicitly.
Proposal 1: TRP and UE in NR should support SS-block transmission by multi-beam for reliable and rapid initial access.
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Figure 1. Resources allocation for SS
3. Conclusion
In this contribution, we discussed SS transmission scheme based on multi-beam for NR. And we propose that:

Proposal 1: TRP and UE in NR should support SS-block transmission by multi-beam for reliable and rapid initial access.
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