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1 Introduction

Millimeter wave (mmWave) technology is one of the most promising candidates for the next generation wireless cellular communication systems (5G) to address the current challenge of bandwidth shortage [1]. As mentioned in [2], a higher frequency up to 100 GHz will be considered for the new RAT, i.e., the NR mmWave communication. 
Yet, the mmWave communication of NR relies on highly directional transmissions and the initial access procedure must thus provide a mechanism by which initial transmission directions can be searched in a potentially large angular space. Hence, a comprehensive study of the initial access of NR mmWave communication is quite in need.
2 Motivation
Initial access is a basic prerequisite to any communication and is an essential component of all cellular systems. mmWave communication relies heavily on highly-directional transmissions to overcome the large pathloss, and the use of directional transmissions significantly complicates initial access. In addition to detecting the presence of the base station and access request from the UE, the mmWave initial access procedure must provide a mechanism by which both the UE and the base station (BS) can determine suitable beamforming (BF) directions on which subsequent directional communication can be carried out.

As for the hybrid beamforming designing, one important task is to reach a common understanding on the basic initial access mechanism, to understand the system performance in the following two aspects.
Cell coverage: The cell coverage will be quite limited with the increasing of the carrier frequency. It is available to compensate for the path-loss by taking advantage of the large array gain of the massive MIMO antenna arrays. Since the analog beam width would have great impact on the analog beamforming gain which is multiplied by the digital beamforming gain, it would be important to propose an appropriate initial access scheme in order to improve the cell coverage.
Access Delay: For the narrow analog beams which are used to enhance the cell coverage, the access delay (or discovery delay) will certainly grow with the increasing of the number of the beams covering the whole angular space. The directionality can significantly delay the cell search and access procedures, which is a particularly sensitive issue in 5G NR networks, and thus motivated us to identify and study the trade-offs in terms of both delay and coverage.
3  Multi-width Beam Sweeping of Initial Access
As for the non-standalone mmWave systems, a UE first searches for synchronization signals from NR low frequency cell (or traditional LTE cells). This detection is fast since it can be performed using wide beams or even omni-directionally and there is the directional scanning latency would be shorten greatly.
Yet, for the standalone NR mmWave systems, a brute force search of the beams may still in need. How to optimize the scheme of such kind of beam sweeping is the main focus of this proposal. 
As is depicted in Fig 1, a basic IA procedure of standalone NR mmWave systems is shown. We consider various procedures, using the basic steps used in the LTE standard as a reference but with this major modification: before detecting each other, both the UE and the gNB learn the initial BF directions. The design options consider different methods for transmitting and receiving the synchronization (Sync) signals from the gNB and the random access (RA) preambles from the UE.
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Fig 1, Basic IA Procedure of Standalone NR mmWave Systems
In LTE, the first synchronization signal to detect is the Primary Synchronization Signal (PSS). For mmWave, the synchronization signal can also be used to determine the UE’s BF direction. For the IA procedure of NR mmWave systems, gNB firstly sweep the beams to send the synchronization signal. Then, UE sweep the beams to find the optimal BF direction. A similar beam sweeping operation is performed to send and receive the RA preamble. When UEs choose the optimal BF direction, the gNB should sweep its beams to cover the whole angular space . Since the number of gNB beams is usually large in mmWave systems, the gNB beam sweeping manner will greatly influence to the access latency. 
The widths of beams and the manner of beam sweeping involve a trade off between cell coverage performance and access latency for initial access. To guarantee the accessing of the cell edge UEs, a method is to use a single narrow beam in this stage, but it leads to a significant latency for a UE to acquire initial access. To reduce the latency of initial access, multiple beams can be transmitted in a single time instance (referred as option 1) as shown in Fig 2, with some price of coverage reduction compared with single narrow beam transmission. Eventually increase the number of beams would proportionally reduce the transmit power on each beam, hence a linear trade-off between the access latency and coverage (power on each beam) is observed.
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Fig 2, Option 1: Multi-beam based Beam Sweeping with Uni-width Beams
To achieve a better trade-off between the signalling coverage and beam sweeping delay, it is proposed to study multi-width beam sweeping methods.
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Fig 3, Option 2: Multi-beam based Beam Sweeping with Multi-width Beams on same resource
One option is multi-beam based beam sweeping with multi-width beams on same resource (referred as option 2). As shown in Fig.3, with wide and narrow beams respectively in different directions (assume same power for wide and narrow beams in the following discussions), this beam sweeping manner would not only allow the cell center UEs accessing with lower latency, but also cover the cell edge UEs with narrow beams. The beam sweeping periodicity of option 2 and option 1 is the same. With option 2, certainly some cell edge UE access latency will be increased, but if the cell center UE (UEs that can be accessed by the wide beam) is dominant, the average initial access latency can still be much reduced compared with option 1. 

Another option of multi-width beam sweeping is Multi-width Beams on more time instances (referred as option 3). In this manner, gNB respectively sweeps narrow beams and use wide beams for the transmission of synchronization signals. An example is shown in Fig. 4, where three narrow beams or wide beams are transmitted in each time instance. During the beam sweeping time block, all the narrow beam patterns of option 1 are transmitted, and the wide beams are transmitted only once. The specific time for wide beams can be any instance originally intended for transmitting narrow beams. The whole beam sweeping periodicity of option 3 is longer than that of option 1 and option 2 since one more time instance is used for wide beams transmission. Compared with the option 2, option 3 could ensure that the access time for all cell edge UEs is more stable. Meanwhile, with option 3, the initial access latency for cell center UEs is less than option 1. Thus, if the cell center UE is dominant, the average initial access latency of option 3 can be less than option 1, and if the cell-edge UE is dominant, it can be less than option 2. 
It should be noted that the multi-width beam sweeping can be done in many ways, for example, during the time instance for wide beams, only one wide beam can be transmitted and the beam sweeping of wide beams and narrow beams can be performed independently.
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Fig 4, Option 3: Multi-beam based Beam Sweeping with Multi-width Beams on more time instances 
The comparison of average beam sweeping times for all three options is provided in Fig. 5. In the simulation, three beam sweeping methods are considered. For option 1 (single-width beam sweeping), three narrow beams of 12 o are transmitted simultaneously in each time instance, and thus 10 times beam sweeping are needed to cover the whole area. For option 2 (multi-width beam sweeping on the same resource), two narrow beams (12 o) and one wide beam (120 o) are transmitted simultaneously. For option 3(multi-width beam sweeping on more time instances), totally 11 times beam sweeping is performed (10 times narrow beam sweeping and one wide beam transmission) In option 3, we take into account all the cases of the transmission order of wide beams (i.e., transmitting wide beams in the first, second,…,or the eleventh time instance ) to obtain the average sweeping times.
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Fig 5, Average Beam Sweeping Times for Different Methods  

From the result, we can observe that the average beam sweeping times for option 2 and option 3 are related to the UE coverage portion of the wide beams (or the portion of inner cell UEs).When more UEs are in the cell center area, option 2 is the most appropriate manner. However, when most of the UEs are on the cell edge, option 1is the fastest way.  Option 3 is better than the other two methods when the portion of inner cell UEs is around 20% to 50% percent, and in other user distribution cases, the performance of option 3 is between option 1 and option 2. 
Based on the above discussion, we have the following proposals 

Observation 1: Different to uni-width beam sweeping method, average beam sweeping time of multi-width beam sweeping are related to the distribution of UEs. 

Observation 2: Multi-width beam sweeping method takes less average access time when most of the UEs are in cell center area.
Proposal 1: For the initial access in standalone mm-Wave systems in NR, multi-width beam sweeping should be supported.
4 Synchronization Signal Configuration
For the transmission of NR synchronization signals, multiple SS blocks can be transmitted in a SS burst, and multiple SS bursts will cover a full sweep. The discussion in Section 3 is an example for one SS burst covering a full sweep (one SS burst consists of N time instances in option 1 / option 2, and N+1 time instances in option 3) . Since different multi-width beam sweeping methods result in different overhead of the SS transmission and access delay, it is beneficial to take into account the impact of beam width pattern when studying the periodicity of SS burst and the size of SS block. Moreover, different types of multi-width beam is allowed in specification, such as one wide + seven narrow beams, or two wide + three narrow beams, the UE behavior on how to identify the PSS beam patterns would need to be studied.
Proposal 2: Consider the impact of beam width pattern when studying the periodicity of SS burst and the size of SS block. Also study the UE behavior to identify PSS beam patterns (if more than one possibility).
5 Conclusions

The observation and proposal are as follows:
Observation 1: Different to uni-width beam sweeping method, average beam sweeping time of multi-width beam sweeping are related to the distribution of UEs. 

Observation 2: Multi-width beam sweeping method takes less average access time when most of the UEs are in cell center area.
Proposal 1: For the initial access in standalone mm-Wave systems in NR, multi-width beam sweeping should be supported.
Proposal 2: Consider the impact of beam width pattern when studying the periodicity of SS burst and the size of SS block. Also study the UE behavior to identify PSS beam patterns (if more than one possibility).
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