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1. Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Beamforming based access seems to be an essential method for NR system due to additional path-loss in higher frequencies communication. The concept of beam sweeping tends to be introduced in cell search process under NR system[1,3]. The DL beam sweeping time interval contains several beam sweeping blocks which used to transmit SS/SI/BRS in all beam directions for providing basic coverage. Taking beamforming gains as well as transmission in high frequency channel into account, the performance of cell search time should be studied. 
[bookmark: OLE_LINK43]In this contribution, some simulation analysis will be done on the performance of cell search time. Two modes of reception which contains Omni-Rx and Beam-Rx are considered respectively. 
2. [bookmark: _Toc457314454]Cell search based on beam sweeping SCH design
As shown in Fig.1, each beam sweeping block corresponds to a set of beams which typically transmit by different RF chains. The same sync signals will be found on these beams(beam group) under the same block simultaneously. Several beam sweeping blocks constitute a beam sweeping time interval. The basic coverage will be provided through multiple beams transmitting in one or more beam sweeping time intervals. For different blocks, the same sync signals can be transmitted repeatedly. 


Fig. 1 SCH structure in beam sweeping block
The SCH design in LTE which contains hierarchical SCH structure, PSS/SSS sequences, time domain density, resource element mapping, etc. assumes to be reused in NR system. Combining with beam sweeping time interval/block concept, the preliminary SCH design for NR can be obtained.
As shown in Fig. 2, beamforming gains are required in both Tx and Rx side. In each beam sweeping block, BS transmits sync signals through the corresponding beam group. This beam group contains several beams sent by different RF chains. The beam group will change across different blocks. A UE will try to detect sync signal beginning with a specific or random Rx beam for a sync period while it wants to identify a cell. And then turning to another Rx beam for a sync period detection until the right cell ID is identified. Specially, omnidirectional reception may be adopted by UE. It means losing beamforming gain of Rx side, but Rx beam sweeping periods could be reduced. 


Fig.2 Beam sweeping example for Tx and Rx
In this Tx/Rx beam sweeping manner, different beam sweeping blocks have different Tx beam (group) and Rx beam(group) combinations, which means a variety of beamforming gains will be obtained for different blocks. 
3. Simulation Assumptions
In this section, we compare the performance of cell search between Omni-Rx mode and Beam-Rx mode. The cell search time is taken as the performance metric, and is defined as the time needed to obtain timing and detect the cell ID. Energy accumulation is not considered across multiple periods. For antenna parameters configuration in NR, there are 4 antenna elements in one Tx/Rx subarray. As shown in Fig. 3, the 3dB width of the beam is about 26 degrees. So considering the basic coverage of 360 degrees, 14 beams are required. 
 [image: ]
Fig.3 Beam overlapping of 4 antenna elements
Additional simulation assumptions are given in Table 1 and Table 2. 
Table 1: Link Simulation Parameters
	[bookmark: OLE_LINK50]Carrier frequency (GHz)
	28

	Sub-carrier spacing (kHz)
	60

	Number of sub-carriers
	72

	SCH bandwidth \ SCH occupied bandwidth (MHz)
	5.6 \ 4.32

	Number of OFDM symbols per radio frame
	560

	Radio frame duration(ms)
	10

	Period of sync(ms)
	5

	SCH symbols per radio frame
	28

	Sequence for P-SCH\S-SCH
	ZC\M sequence (Same as LTE)

	Channel model
	CDL-B(UMi with Normal-delay profile)[2]

	UE speed
	3km/h



Table 2: Beam Sweeping Configuration Parameters
	Number of beam sweeping time intervals per radio frame
	2

	Number of beam sweeping blocks per beam sweeping time interval
	7

	Number of symbols per beam sweeping blocks
	2

	Beam sweeping time interval duration(ms)
	0.25

	Number of Tx beams
	14

	Number of Tx antenna subarrays
	2

	Number of Tx beams in beam group
	2

	[bookmark: OLE_LINK19]Number of elements per Tx subarray
	4

	[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Number of Rx beams in Beam-Rx
	14

	Number of Rx antenna subarrays in Beam-Rx
	1

	Number of elements per Rx subarray in Beam-Rx
	4

	Element spacing for Tx\ Rx antenna in Beam-Rx
	0.5λ

	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Tx antenna subarray spacing in Beam-Rx
	4*0.5λ

	Number of Rx antenna in Omni-Rx
	1


4. Simulation Results
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]We evaluate the initial cell search time performance to investigate the effect of beam sweeping SCH structure, beamforming transmission/reception gains and the high channel fading. Some performance analysis are presented under different configurations, such as SNR, reception modes(Omni-Rx or Beam-Rx). 
[bookmark: OLE_LINK17][bookmark: OLE_LINK20]As shown in Fig.4, the cell search time under different reception modes are considered for three SNR values of -5dB, -2dB and 1dB. 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK53][bookmark: OLE_LINK56]The 90th percentile cell search time of the Beam-Rx based mode is nearly 60ms shorter than that of Omni-Rx based mode at the SNR value of -5 dB. In this relatively low SNR, the loss of receiving gain of Omni-Rx is showed up significantly. Therefore, it results in a longer search time although no polling overhead of reception beam is needed for Omni-Rx. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In contrast, there is only a tiny gap in performance between two reception modes under a SNR value of -2dB. Compared with the SNR value of -5dB, the detection probability is increased as improving of SNR. The performances of both Omni-Rx and Beam-Rx are raised correspondingly. And the performance of Omni-Rx will get more gain because detection probability has reach to a relatively high value. The Performance gap gets smaller.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]As further increasing of SNR value, a larger performance improvement is obtained by Omni-Rx than Beam-Rx. The Omni-Rx mode will show advantages under a higher SNR condition of 1dB. That is because there is no overhead for reception beam polling in Omni-Rx mode.
[image: ] 
Fig.4 Cell search time comparison between Omni-Rx and Beam-Rx under different SNR
[bookmark: OLE_LINK57][bookmark: OLE_LINK60]Observation 1: 
In a relatively low SNR condition, the beamforming gain of reception is necessary. 
Observation 2: 
With the improvement of SNR, the Omni-Rx mode will shows advantages in the performance of cell search time. 
Proposal 1:
[bookmark: _Toc457314457][bookmark: OLE_LINK58][bookmark: OLE_LINK59]The appropriate mode of reception should be considered under different scenarios.
Proposal 2:
Some schemes should be further studied on how to select appropriate mode of reception. 
5. Conclusions
We analysed performance of cell search in NR, and proposed the followings.
Observation 1: 
In a relatively low SNR condition, the beamforming gain of reception is necessary. 
Observation 2: 
With the improvement of SNR, the Omni-Rx mode will shows advantages in the performance of cell search time. 
Proposal 1:
The appropriate mode of reception should be considered under different scenarios.
Proposal 2:
Some schemes should be further studied on how to select appropriate mode of reception. 
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