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Introduction
SS blocks are transmitted with different beam IDs to cover the TRP’s scan range of azimuth and elevation directions. To minimize the required number of SS block transmissions, all TXRUs equipped in a TRP can share the same antenna port but transmit with different beamforming directions simultaneously, which is called composite beam transmission. It would make increased beamforming gain if the signals from different TXRUs are constructively added in complex domain. However, if the signals are added destructively in complex domain, reduced beamforming gain is expected. Whether to be added constructively or destructively can’t be controlled for broadcasting signals such as SS block. 
Composite Beam Transmission and Distortion in Beam Patterns
For 16 x 1 antenna array, Figure 1(a) shows an example design of sixteen beam patterns to cover 120 degrees for azimuth direction. Half power beam-width for each beam is about 6 degrees for center beam (with ID 7 and 8) and about 10 degrees for edge beam (with ID 0 and 15). For UEs located in different angle direction may select their best beam among all sixteen beams which has the highest beamforming gain. In Figure 1(b), beamforming gain of the selected best beam is shown for each direction. Since total number of antenna elements is sixteen, the maximum gain is 10log10(16) = 12 dB in the figure. Also since the beams are designed to cover whole 120 degrees with half power beam-width, the minimum gain is 9 dB. Based on this example design, we compare three different composite beam examples as follows assuming two TXRUs at a TRP.
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(a) Beamforming gain for all beams	 	    (b) Maximum beamforming gain
Figure 1
Composite BP-1: Component beams with localized bore-sight angles.
Component beams having adjacent beam IDs (i.e. 2N and 2N + 1) are used for making composite beam as shown in Table 1. Hence, difference in received signal power from two TXRUs is smaller than the other composition examples. Recalling that the distortion is made from the addition of the signals in complex domain, as the smaller difference in received signal power the larger distortion in composite beam pattern is expected as shown in Figure 2(a). Note that significant gain loss is also observed in the figure at the boundary point of the half power beam-width for two adjacent beams. Due to large distortion in each composite beam pattern, Figure 2(b) shows much larger variation in beamforming gain of the selected beam as well compared to the original component beams in Figure 1(b).
Table 1 Beam IDs for Composite BP-1
	SS block index
	0
	1
	2
	3
	4
	5
	6
	7

	Component beam ID for 1st TXRU
	0
	2
	4
	6
	8
	10
	12
	14

	Component beam ID for 2nd TXRU
	1
	3
	5
	7
	9
	11
	13
	15
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(a) Beamforming gain for all beams	 	    (b) Maximum beamforming gain
Figure 2

Composite BP-2: Component beams with locally spaced bore-sight angles.
Locally spaced beam IDs (i.e. N and N + 2) are used for making a composite beam as shown in Table 2. As a result, difference in received signal power from two TXRUs becomes larger than Composite BP-1 example. Figure 3(a) also shows some distortion in composite beam patterns, but the variation of beamforming gain for selected beams in Figure 3(b) becomes much smaller than the one in Figure 2(b). 
Table 2 Beam IDs for Composite BP-2
	SS block index
	0
	1
	2
	3
	4
	5
	6
	7

	Component beam ID for 1st TXRU
	0
	1
	4
	5
	8
	9
	12
	13

	Component beam ID for 2nd TXRU
	2
	3
	6
	7
	10
	11
	14
	15
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(a) Beamforming gain for all beams	 	    (b) Maximum beamforming gain
Figure 3

Composite BP-3: Component beams with maximally spaced in bore-sight angles.
Maximally spaced beam IDs (i.e. N and N + 8) are used for composite beam transmission as shown in Table 3. Since two beams are added in main lobe and side lobe sides, the resulting distortion is minimized as shown in Figure 4(a) and Figure 4(b). 
Table 3 Beam IDs for Composite BP-3
	SS block index
	0
	1
	2
	3
	4
	5
	6
	7

	Component beam ID for 1st TXRU
	0
	1
	2
	3
	4
	5
	6
	7

	Component beam ID for 2nd TXRU
	8
	9
	10
	11
	12
	13
	14
	15
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(a) Beamforming gain for all beams	 	    (b) Maximum beamforming gain
Figure 4

CDF of the beamforming gain for the selected beams is compared in Figure 5 respectively for original component beams and three types of composite beams. Composite BP-3 and Composite BP-2 have similar distribution with the original beam patterns. Due to significant gain loss, Composite BP-1 is not desirable for the transmission of the SS blocks. In this regard, we can conclude that component beams with distributed bore-sight angles are desirable for making a composite beam to minimize unexpected distortion in beamforming gain. 
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Figure 5

Observation 1: Component beams with distributed bore-sight angles are desirable for the composite beam transmission of the SS blocks due to distortion in beam patterns.


Conclusions
Observation 1: Component beams with distributed bore-sight angles are desirable for the composite beam transmission of the SS blocks due to distortion in beam patterns.
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