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1. Introduction
In 3GPP RAN1 #85 meeting, it was agreed that both multi-beam based and single-beam based initial access channels need to be studied for initial access channels.
In this contribution, some initial link level evaluation results are provided for both approaches.
2. Evaluation assumptions 
In the simulation, PBCH with beam sweeping is used as the multi-beam based approach to cover the whole DL coverage area, while repetition transmission is considered as the single-beam based approach.  The channel models considered are CDL-C (300ns, NLOS) and CDL-E (300ns, LOS). The detailed simulation parameters for antenna configuration are provided in Table 1 in the Appendix. .
For beam sweeping, to cover the the 120 o DL coverage area, 9 beams are needed for beam sweeping. These beams are transmitted every 10ms, thus PBCH is transmitted in a periodicity of 90ms. For time repetition transmission, single antenna is used with antenna element HPBW= 65 o. To ensure same resource overhead with beam sweeping, the same information is repeatedly transmitted 9 times in the single-beam based approach. Each repetition is also transmitted every 10ms, so PBCH is updated every 90ms.
3. Evaluation results and observations
In this section, initial link level BLER performance comparison of the two approaches under two channel models are provided in Figure 1 and Figure 2.  
In this initial result, detection is made at each reception interval in both beam sweeping and time repetition transmission individually, no soft combining is considered. 
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Figure 1 BLER performance of two approaches under CDL-E (300ns, LOS)
From Figure 1, we can observe that under LOS channel (CDL-E), beam sweeping always has 2dB performance gain than repetition. This can be explained that in beam sweeping scheme, the beam direction can always turn to coincide with the LOS path direction, thus improving the PBCH detection performance.
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Figure 2 BLER performance of two approaches under CDL-C (300ns, NLOS)
From Figure 2, we can observe that under NLOS channel (CDL-C), beam sweeping achieves better BLER performance than time repetition in low SNR region (<-6dB), while time repetition provides better performance in relative high SNR region (SNR >-6dB), where SNR is defined as the ratio of transmit power of a symbol over noise power at eNB side. 
This result is interesting. According the parameters of CDL-C in TR 38.900 (Table 7.7.1-3), we can find that the AoD gap between the two strongest paths in CDL-C are about 23o, which is much wider than the beam width in the beam sweeping approach. This may lead to a large portion of power loss since the paths that have strong power but large angular spread cannot reach at the destination, thus resulting in the performance degradation in high SNR region. Therefore, for multi-beam based approach, either the beam width should be comparable to the AoD spread of the channel, or beam combination schemes are to be studied. 
Another fact to mention is that no power loss due to antenna virtualization is considered in this simulation for the repetition scheme. In this simulation, antenna pattern same as a single antenna (only one antenna element is mapped to the TXRU, thus the horizontal HPBW is 65o) is used in the repetition scheme. However, when the number of antenna elements at BS is large, for example, when (8,8,1,1,1) antenna is used, there is some power loss to form a beam with 65o horizontal HPBW. Thus the performance of time repetition may degrade considering this impact.  These are summarized in the following observation.
Observation 1: When no soft combining is used for repetition, beam sweeping (9 beams) has 2dB performance gain than repetition under LOS channel (CDL-E). 
Observation 2: When no soft combining is used for repetition, beam sweeping achieves better BLER performance than time repetition in low SNR region (<-6dB), while time repetition provides better performance in relative high SNR region (SNR >-6dB) under NLOS channel (CDL-C).
Thus accordingly, we make the following proposal. 
Proposal: Further study the beam sweeping approach for NR initial access procedure. For multi-beam based approach, either the beam width should be comparable to the AoD spread of the channel, or UE may need to combine the signals from multiple beams.
4. Conclusion
In this contribution, the following observations and proposal are summarized.
Observation 1: When no soft combining is used, beam sweeping (9 beams) has 2dB performance gain than repetition under LOS channel. 

Observation 2: When no soft combining is used, beam sweeping achieves better BLER performance than time repetition in low SNR region (<-6dB), while time repetition provides better performance in relative high SNR region (SNR >-6dB) under NLOS channel (CDL-C).
Proposal: Further study the beam sweeping approach for NR initial access procedure. For multi-beam based approach, either the beam width should be comparable to the AoD spread of the channel, or UE may need to combine signals from multiple beams.
Appendix
Table 1. Antenna configuration for beam sweeping and time repetition approach
	Parameters
	Beam  sweeping
	Time repetition

	Number of antenna elements
	Co-pol, (8,8,1,1,1)
	Co-pol, (8,1,1,1,1)

	Horizontal antenna element spacing (dH , dV)
	( 0.5λ, 0.8λ )

	Antenna element vertical HPBW
	　65 o

	Antenna element horizontal HPBW
	　65 o

	TXRU mapping 
	A single TXRU is mapped per column

	Number of TXRU
	8
	1

	Vertical mapping weight
	Fixed
	Fixed

	Horizontal beamforming weight
	DFT weight
	-

	Horizontal beam width
	12 o
	65 o

	Vertical beam width
	12 o


Table 7.7.1-3. CDL-C in TR 38.900 V2.0.0
	Clusters

	Cluster
	Normalized delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	dB
	º
	º
	º
	º

	1
	0
	-4.4
	-46.6
	-101
	97.2
	87.6

	2
	0.2099
	-1.2
	-22.8
	120
	98.6
	72.1

	3
	0.2219
	-3.5
	-22.8
	120
	98.6
	72.1

	4
	0.2329
	-5.2
	-22.8
	120
	98.6
	72.1

	5
	0.2176
	-2.5
	-40.7
	-127.5
	100.6
	70.1

	6
	0.6366
	0
	0.3
	170.4
	99.2
	75.3

	7
	0.6448
	-2.2
	0.3
	170.4
	99.2
	75.3

	8
	0.6560
	-3.9
	0.3
	170.4
	99.2
	75.3

	9
	0.6584
	-7.4
	73.1
	55.4
	105.2
	67.4

	10
	0.7935
	-7.1
	-64.5
	66.5
	95.3
	63.8

	11
	0.8213
	-10.7
	80.2
	-48.1
	106.1
	71.4

	12
	0.9336
	-11.1
	-97.1
	46.9
	93.5
	60.5

	13
	1.2285
	-5.1
	-55.3
	68.1
	103.7
	90.6

	14
	1.3083
	-6.8
	-64.3
	-68.7
	104.2
	60.1

	15
	2.1704
	-8.7
	-78.5
	81.5
	93.0
	61.0

	16
	2.7105
	-13.2
	102.7
	30.7
	104.2
	100.7

	17
	4.2589
	-13.9
	99.2
	-16.4
	94.9
	62.3

	18
	4.6003
	-13.9
	88.8
	3.8
	93.1
	66.7

	19
	5.4902
	-15.8
	-101.9
	-13.7
	92.2
	52.9

	20
	5.6077
	-17.1
	92.2
	9.7
	106.7
	61.8

	21
	6.3065
	-16
	93.3
	5.6
	93.0
	51.9

	22
	6.6374
	-15.7
	106.6
	0.7
	92.9
	61.7

	23
	7.0427
	-21.6
	119.5
	-21.9
	105.2
	58

	24
	8.6523
	-22.8
	-123.8
	33.6
	107.8
	57

	Per-Cluster Parameters

	Parameter
	cASD
	cASA
	cZSD
	cZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	2
	15
	3
	7
	7


