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1. Introduction
In RAN1#85, several agreements regarding NR operation including multi-beam based approaches for coverage enhancement were made as followings:

· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration

· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS

In this contribution, we provide system level simulation results for analysis of coverage improvement with multi-beam based approach which means the beam sweeping with narrow multiple beams in this work. Also, we discuss the effect of multiple beams with respect to tilt and scan angles of each beam. From the results of signal-to-noise ratio (SNR) cumulative density function (CDF), we verify that the multi-beam based approach can provide better performance than the repetition scheme.
2. Motivation of multi-beam
For NR, it is considered that the frequency range to be studied up to 100 GHz [1]. One of the challenges of above 6 GHz would be how to yield similar coverage as below 6 GHz due to the large path-loss. In Figure 1 and 2, we evaluate CL CDF of NR UMi-SC and NR UMa channels in [2] for various carrier frequencies. 
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Figure 1. Coupling loss of NR UMa channel (Single antenna element at TRP)
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Figure 2. Coupling loss of NR UMi-SC channel (Single antenna element at TRP)

In UMa channel, it shows -167 and -187 dB of coupling loss at 10 % tile for 30 and 70 GHz, respectively. Also, in UMi-SC channel, -153 and -172 dB of coupling loss at 10 % tile for 30 and 70 GHz are obtained. Then, we can see that it is hard to operate communication systems due to poor link budget at high frequencies. In order to extend coverage, multi-beam technique would be one of promising solutions to use above 6 GHz.
3. Coverage analysis of NR
In order to enhance coverage, we consider the communication system where a uniform rectangular panel array (URPA) with 256 (16 x 16) antenna elements is employed at TRP. 
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Figure 3. Vertical and horizontal beam patterns
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Figure 4. Tilt angle distribution of users
Figure 3 represents the vertical and horizontal beam patterns of URPA which has 24 beams by using 3 tilt angles and 8 scan angles. In this plot, the till angles are set to 80°, 90°, 100°, respectively. Then, it can be possible to cover the vertical regions from 75° to 105° with a relative high beam gain. Also, Figure 4 shows the tilt angle distributions of users for NR UMa and NR UMi-SC channels, respectively. In this plot, it would not be necessary to cover over 90° of tilt angle in case of NR UMa channel. By considering the tilt angle distributions in Figure 4, the following observation is made: 
Observation #1: In each NR channel model, there are proper tilt angle ranges for multiple beams that sufficiently cover UEs within the cell. 
Because of narrow beam patterns, the coverage region might be different according to how to set the tilt and scan angles of each beam. Then, we evaluate the effect of the tilt and scan angles in each NR channel. In this case, there are total 16 beams with the tilt and scan angles in Table 1. For simplicity, we set to the scan angles of case 1 and case 2 are same. Figure 5 provides a CL CDF in NR UMa channel for various carrier frequencies
Table 1. Tilt and scan angles in NR UMa channel

	
	Tilt angles
	Scan angles

	Case 1
	94°, 100°
	-45°, -32.1°, -19.3°, -6.4°, 6.4°, 19.2°, 32.1°, 45°

	Case 2
	100°, 120°
	-45°, -32.1°, -19.3°, -6.4°, 6.4°, 19.2°, 32.1°, 45°
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Figure 5. CL CDF of NR UMa channel for case 1 and case 2
From Figure 5, the case 1 shows better link performance than the case 2, since the case 1 is able to support the users located in the tilt angles from 90° to 95° with relatively higher beam gain compared to the case 2. In addition, we plot a CL CDF in NR UMi-SC channel in Figure 6. Due to much larger tilt angle ranges in NR UMi-SC as shown in Figure 4, we set to total 24 beams with the tilt and scan angles in Table 2. 
Table 2. Tilt and scan angles in NR UMi-SC channel

	
	Tilt angles
	Scan angles

	Case 1
	80°, 90°, 100°
	-45°, -32.1°, -19.3°, -6.4°, 6.4°, 19.2°, 32.1°, 45°

	Case 2
	95°, 105°, 115°
	-45°, -32.1°, -19.3°, -6.4°, 6.4°, 19.2°, 32.1°, 45°
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Figure 6. CL CDF of NR UMi channel for case 1 and case 2
In this plot, the case 1 shows better link performance than the case 2 at 50% tile. On the other hand, the case 2 provides a little better link performance than the case 1 since it can support the users located in the tilt angles from 105° to 115° with high beam gain. However, the gain is marginal due to the small number of users in the tilt angles from 105° to 115°. From the results, we can see that CL CDF could be very different according to how to determine the tilt and scan angles of each beam. Thus, we propose as following:
Observation #2: It is shown that CL CDF could be very different according to how to determine the tilt and scan angles of each beam.
Proposal #1: For fair comparison of coverage, the tilt and scan angles of each beam should be decided at least for calibration purposes.
In what follows, to evaluate the advantage of multi-beam based approach, we compare it with a repetition approach. In this context, the multi-beam based approach means the beam sweeping with narrow multiple beams and the repetition approach denotes the repetition signals with a single antenna at TRP, respectively. To compare the repetition scheme with the multi-beam based scheme, we evaluate the received SNR of primary synchronization signal (PSS) which occupies 72 subcarriers. Also, we assume that Tx power of the PSS is 36.8 dBm and subcarrier spacing is 60 kHz. Then, Figure 7 represents a received SNR CDF of NR UMa channel. Here, the tilt and scan angles are set to the case 1 in Table 1. The multi-beam based scheme with total 16 beams requires 16 OFDM symbols to sweep the narrow beams by assuming that single beam is transmitted in a single time instance. Then we compare it with the repetition scheme which repeats signals 16 OFDM times. 
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Figure 7. Repetition vs. multi-beam in NR UMa channel
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Figure 8. Repetition vs. multi-beam in NR UMi-SC channel
From Figure 7, we can see that the multi-beam based scheme shows about 4 dB of SNR gain at 50 % tile compared to the repetition scheme. In Figure 8, we can also observe that the multi-beam based scheme provides about 2.2 dB of SNR gain at 50 % tile over the repetition scheme. In this case, the multi-beam based scheme uses 24 beams and then it needs 24 OFDM symbols. Then, the performance gap between the multi-beam based scheme and the repetition scheme is decreased since the repetition scheme repeats signals 24 OFDM times. From the simulation results, the following observation can be made:
Observation #3: It is shown that the multi-beam based approach can provide a better SNR than the repetition based approach. 


[image: image9]
Figure 9. Single antenna vs. 256 antennas in NR UMa-SC channel
Note that a beam gain for URPA with 256 antenna elements can be acquired up to 24 dB calculated by 10log10K where K denotes the total number of antennas. However, from the results in Figure 9, we can see that about 16 dB of beam gain with 256 antenna elements is obtained compared to that with a single antenna element. For the reasons that the beam gain would be diverge due to multiple scatters in the channel and also there exist null point of beam patterns as in Figure 3. For example in Figure 3, the users located in 85° of the tilt angle could obtain a beam gain less than the users located in 90° of the tilt angle. Then, the following observation can be made:
Observation #4: The theoretical antenna gain is hard to obtain in practical systems due to multiple scatters and null point of beam patterns. 
4. Conclusion
In this contribution, we have investigated the NR coverage improvement with multi-beam based approach and observed as followings:

Observation #1: In each NR channel model, there are proper tilt angle ranges for multiple beams that sufficiently cover UEs within the cell. 
Observation #2: It is shown that CL CDF could be very different according to how to determine the tilt and scan angles of each beam.
Observation #3: It is shown that the multi-beam based approach can provide a better SNR than the repetition based approach. 

Observation #4: The theoretical antenna gain is hard to obtain in practical systems due to multiple scatters and null point of beam patterns.
From the observations, we propose as following:

Proposal #1: For fair comparison of coverage, the tilt and scan angles of each beam should be decided at least for calibration purposes.
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6. Annex
Table 3. Simulation settings in UMa

	Parameter
	Value

	Cell layout
	Hexagonal grid, 19 micro sites, 3sectors per site

	ISD [m]
	500

	Carrier frequency [GHz]
	6, 30, 70

	Tx power [dBm]
	49, 35, 35

	BS antenna configurations
	M=16, N=16 with 0.5 λ antenna spacing

	Min distance between BS and UE [m]
	35

	BS height [m]
	25

	UE height [m]
	Indoor : from 1.5 to 22.5, outdoor: 1.5

	Indoor UE fraction [%]
	80

	UE mobility [km/h]
	3

	UE distribution
	Uniform

	BS antenna gain [dB]
	8

	UE antenna gain [dB]
	0


Table 4. Simulation settings in UMi-SC

	Parameter
	Value

	Cell layout
	Hexagonal grid, 19 micro sites, 3sectors per site

	ISD [m]
	200

	Carrier frequency [GHz]
	6, 30, 70

	Tx power [dBm]
	44, 35, 35

	BS antenna configurations
	M=16, N=16 with 0.5 λ antenna spacing

	Min distance between BS and UE [m]
	10

	BS height [m]
	10

	UE height [m]
	Indoor : from 1.5 to 22.5, outdoor: 1.5

	Indoor UE fraction [%]
	80

	UE mobility [km/h]
	3

	UE distribution
	Uniform

	BS antenna gain [dB]
	8

	UE antenna gain [dB]
	0
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