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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 tasks 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  Consideration on initial access
Several kinds of initial access schemes are provided in this part. Yet, specific enhancement could be made on them to improve their performance and simplify their processing procedure in future studies.
1.1 Standalone NR mmWave systems
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: beside detecting each other, both the UE and the eNB learn the initial BF directions. The design options consider different methods for transmitting and receiving the synchronization (Sync) signals from the eNB 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 will also be used to determine the UE’s BF direction, which is related to the angles of arrival of the signal paths from the eNB.

Then, since the UE find the optimal BF direction, the critical problem leaves as the problem of finding the right eNB BF direction. For this problem, several mechanisms are optional:
Exhaustive Beam Sweeping: A predefined codebook of analog beams is stored at the eNBs and UEs which is expected to cover the whole angular space. Each synchronization (or access) signal is transmitted through an analog beam. The goal is to identify the best eNB-UE analog beam from all the candidate beams. Note that, the UE feedback mechanism may be in need to let the eNB know the best analog beam.
Two-stage Beam Sweeping: In the first stage, the eNB transmits the synchronization (or access) signal through a wide analog beam, while in the second stage the eNB refines its analog beam to a narrow one within the former best wide beam. During this procedure, the UE feedback mechanism may be in need.
The advantages and disadvantages of different kinds of initial access schemes are listed as follows,
Table 2. Comparison of different initial access schemes
	
	Exhaustive Scanning
	Two-stage Scanning

	Pros
	Wide coverage
	Short Scanning delay

	Cons
	Long Scanning delay
	Narrow coverage


Hence, we conclude that, each kind of initial access schemes has its own advantages and disadvantages. To achieve a better trade-off between the signalling coverage and beam sweeping delay, a coarse beam alignment, i.e., finding the accessible beam instead of the best (or strongest) beam, is to be studied for initial access procedure. 
Note that, the defect of the exhaustive beam sweeping, i.e., the large scanning delay, could be overcome by simple enhancements. For example, in multi-beam scenarios, two exhaustive search procedures can be deployed simultaneously, with wide and narrow beams respectively, which would not only allow the inner cell UEs accessing with lower latency, but also cover the cell edge UEs with narrow beams, with some extra overhead as the paid price. Since there will be more information available between the eNBs and UEs after the initial link is established, the further beam direction refinement will be much faster.
Proposal 1: For the initial access in standalone mm-Wave systems in NR, exhaustive and two-stage beam sweeping should be studied, and exhaustive beam sweeping is slightly preferred. Also consider multiple exhaustive beam sweeping processes with different beamwidths, taking both overhead and performance into account.
1.2 Non-standalone NR mmWave systems
In non-standalone mmWave system, 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. Then following steps are straightforwardly listed as Fig 3 and not stated too much here.
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Fig 3, Basic IA Procedure of Non-Standalone NR mmWave Systems
It is noted that the IA procedure is similar to standalone mmWAVE system from UE perspective, except that the low frequency carrier can inform UE of the antenna configuration of mmWave eNB. It is beneficial to maximize the commonality between SA and NSA systems from the perspective of UE economic scale.

Proposal 2: Maximize the commonality between standalone and non-standalone system, including initial access procedure.
The non-standalone approach may also help to alleviate the blockage problem of NR mmWave system. In standalone mmWave system, blockage may be solved by multiple BS diversity. Moreover, if the low frequency eNB and mmWave eNB are co-located, the low frequency eNB may also signal the rough direction of the UE, which can help to reduce the access dealy for initial access procedure.
4 Conclusions

The observation and proposals are as follows:
Proposal 1: For the initial access in standalone mm-Wave systems in NR, exhaustive and two-stage beam sweeping should be studied and exhaustive beam sweeping is preferred. Also consider multiple exhaustive beam sweeping processes with different beamwidths, taking both overhead and performance into account.
Proposal 2: Maximize the commonality between standalone and non-standalone system, including initial access procedure.
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