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1 Introduction
This contribution is continuation of R4-1711840 [1] where spatial filtering of propagation channel by a directive base station antenna was demonstrated. Depending on the applied CDL model of TR 38.901 [2], the number of visible clusters was limited to one direction. The explanation for this physical phenomenon is easily seen from the high gain of the base station antenna; the clusters illuminated by the base station beam are strengthen up 30 dB (the exact value depending on the base station antenna and its pointing direction) compared to the non–illuminated clusters. Therefore, the conclusion is drawn that only those clusters the base station illuminates are seen by the UE. 
During the initial access procedure, the BS sends the SSS, PSS and PBCH signals in SS blocks (SSB) consisting of four OFDM symbols. The subcarrier mapping is shown in Figure 1.
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Figure 1. SS Block mapping to subcarriers

Each of the SSBs may be transmitted on a different BS beam and the number of possible SSBs within an SS burst set is L = 64 for FR2. The SS burst set is transmitted within 5 ms window and it is repeated periodically. The default repetition period for the SS burst set is 20 ms as shown in Figure 2.
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Figure 2. SS Block transmission in time

The procedure seen in space for a simplified LOS case is shown in figure 3.
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Figure 3. example of BS beamsweeping in a LOS case

From the propagation channel point of view these times can be seen as follows:
1. The sweeping time of L beam states 5 ms may exceed the coherence time of the fading channel.
2. The sweeping cycle/repetition time is even more likely outside of the coherence time of the propagation channel.

Coherence time is the time duration over which the channel impulse response is not varying. The fading sequences of different beam states/indices can be assumed to have low correlation in cases when different clusters are illuminated by the different beams. Furthermore, as the 5 ms sweeping time may exceed the fading channel coherence time, the correlation between the fading sequences may be further reduced. As the sweeping cycle of 20 ms can be assumed to exceed the channel coherence time, the snapshots of beam powers of each beam index are independent and time varying from one measurement to the next, and as the fading sequences of different beam indices have low correlation, the strongest beam per measurement period can vary over time. 

This contribution shows the “beam filtered” channel model cluster powers of NLOS CDL models A, B and C for multiple beam states of a beamsweeping cycle. It is shown that the channel model characteristics of a static geometry propagation model are highly varied during the beam sweep depending on the beam direction. The channel model that the UE experiences during initial access and initial beam selection may include multiple nearly equal-strength clusters and multiple nearly equal-strength BS beam states. The simulation in this paper is based only on the cluster parameters of CDL models and the further impact of fast fading is not yet included, thus here only one snapshot of the channel model is represented being the average cluster powers. Fading will make the cluster powers time variant and each snapshot of a fading channel, that is experienced by the UE during initial access is different as the powers of the clusters vary around their average powers. The impact of fast fading is further studied in [3].  
2 Steps Applied 
The steps in the simulation are as follows where each beam index or beam state represents a BS beam pointing direction. L fixed BS beam states are looped and the channel model cluster powers are calculated for each beam state. The beam filtering effect is calculated for the rays of the channel model as described in [2]. The UE antenna pattern is not included; thus, the channel model cluster powers are drawn as seen by an isotropic receiver. The channel models are CDL A, B and C of [2], where angular scaling is applied per UMi scenario and 28 GHz centre frequency. 
3 BS Antenna Model

The antenna array model comes from [4], e.g. 8x8 rectangular array with 0.5 lambda element spacing is applied. The antenna element is taken from [2] and it has 65° HPBW. The antenna array HPBW is approximately 12° and maximum gain is 26 dBi. The beam directions are distributed to +/-60° azimuth and +/-20 elevation and the number of possible beam states was limited to 44 to avoid too overlapping beams. The target was to set the beams to overlap approximately at the -3dB point of each beam. The beam directions are: azimuth = [-60   -48   -36   -24   -12     0    12    24    36    48    60], elevation = [-20   -6.7    6.7   20].
4 Results

Simulation results for CDL models A, B and C are shown in sections 4.1, 4.2 and 4.3 respectively. The four strongest beam states of the L beam states of each model are shown in Figures 4, 5 and 6 and the strongest cluster power and arrival angles of the ten strongest beam states are listed in Tables 1, 2 and 3. Each of the figures shows the BS beam pattern and the “beam filtered” cluster powers for the four strongest beams, where the figures for the strongest beam is shown in the upper left corner, second strongest beam is shown in the upper right corner and 3rd and 4th strongest beams are shown in the bottom left and right respectively. 
4.1 CDL-A
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Figure 4. BS beam patterns and cluster powers and AoAs of CDL-A model for 4 strongest beams.
Table 1. Strongest cluster powers and arrival angles of the ten strongest beams.

	Beam strength order
	1
	 2
	3
	4
	5
	6
	7
	8
	9
	10

	Relative Cluster Power [dB]
	0
	-6.4
	-8.4
	-8.8
	-9.2
	-15.0
	-15.7
	-16.4
	-18.3
	-19.6

	AoA [°]
	202
	202
	126
	112
	126
	277
	263
	202
	202
	112

	EoA [°]
	1.1
	1.1
	0.1
	12.3
	0.1
	-9.8
	-10.0
	1.1
	1.1
	12.3


4.2 CDL-B
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Figure 5. BS beam gain patterns and cluster powers and AoAs of CDL-B model for 4 strongest beams.
Table 2. Strongest cluster powers and arrival angles of the ten strongest beams.

	Beam strength order
	1
	 2
	3
	4
	5
	6
	7
	8
	9
	10

	Relative Cluster Power [dB]
	0
	-2.6
	-3.0
	-5.1
	-6.2
	-6.4
	-6.8
	-7.1
	-10.6
	-10.8

	AoA [°]
	185
	159
	213
	185
	134
	139
	158
	213
	116
	139

	EoA [°]
	13.2
	21.2
	13.8
	13.2
	24.2
	22.1
	21.2
	13.8
	13.7
	22.1


4.3 CDL-C
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Figure 6. BS beam gain patterns and cluster powers and AoAs of CDL-C model for 4 strongest beams.

Table 3. Strongest cluster powers and arrival angles of the ten strongest beams.

	Beam strength order 
	1
	 2
	3
	4
	5
	6
	7
	8
	9
	10

	Relative Cluster Power [dB]
	0
	-2.6
	-8.0
	-8.5
	-10.4
	-11.2
	-11.7
	-12.0
	-13.9
	-13.9

	AoA [°]
	164
	129
	207
	164
	84
	129
	84
	164
	207
	102

	EoA [°]
	15.2
	17.5
	18.9
	15.2
	20.8
	17.5
	20.8
	15.2
	18.9
	25.3


4.4 Discussion
The realized channel models with directive BS antenna beams are greatly simplified for the strongest beam as shown already in [1]. However, it can be observed that for the other significant beams, the channel model is more diverse, having multiple nearly equal-power clusters. The strongest cluster AoA changes for each of the three strongest beams for models B and C. Model A has a clearly dominant cluster for the strongest beam and the same cluster is strongest also for the second strongest beam but the third and fourth beams have different AoAs. This shows that the different beams typically illuminate different clusters, thus their fading sequences can be assumed uncorrelated. This may be a challenge for the UE in initial beam selection of its Rx-beam when AoAs are changing from one BS beam to another and the power ratios between different BS beams can vary over time due to fading. 
The powers of the two strongest beams are within 3 dB for models B and C and model B has multiple beams with small power differences. Models A, B and C have 5, 8 and 4 beams within a 10 dB window. It can be concluded that there are multiple strong BS beams which would be necessary to include in test system emulation, but the number of meaningful beams required in testing can be limited for example to four to eight. 
The number of significant spatial clusters (within a 20 dB window below the strongest cluster) for each of the four strongest beams varies from one to ten. The number of significant clusters for beams 1, 2, 3 and 4 of model A is 1, 3, 3 and 9 respectively. For models B and C, the number of significant clusters for the 4 strongest beams is 6, 8, 8 and 7 and 2, 7, 10 and 3 respectively. Most of the significant clusters of the beam states are common to all strong beam states, thus there is a limited number of clusters that are required to include in the propagation model to enable modelling of the most significant beam states. Based on these observations, it seems that 8 spatial clusters would provide a good coverage to enable modelling of 4 strongest BS beam states.
5 RRM and Demod Testing Considerations

It is shown that the channel model characteristics of a static geometry propagation model are highly varied during the beam sweep initial access process depending on the beam direction. The channel model that the UE experiences during initial access and initial beam selection may include multiple nearly equal-strength clusters and multiple nearly equal-strength BS beam states. This means that the UE may have multiple potential candidates for the BS beam selection, and due to fading, as the BS powers are time variant and uncorrelated, the best beam selection may be change between the beam sweeping cycles.
The results show also that the different beams typically illuminate different clusters, thus their fading sequences can be assumed uncorrelated. This may be a challenge for the UE in initial beam selection of its Rx-beam when AoAs are changing from one BS beam to another and the power ratios between different BS beams can vary over time due to fading.

Due to these highly dynamic channel model characteristics, it is important to include multiple BS beams and UE beams in testing of UE initial access and initial beam selection. Furthermore, as the beam selection may also be changed for the dedicated channels in connected mode following the strongest instantaneous beam, beam dynamics should be considered for demod requirements [5]. It was shown that different beams illuminate different clusters, thus when changing from one beam to another, the channel model delay and Doppler will also change per the dominant cluster. This may affect e.g. the time and frequency offset synchronization of the receiver as well as the channel estimation performance. These aspects require further study.
6 Conclusions

This paper has shown that for the static geometry channel models in [2], the initial access procedure where the BS can transmit up to 64 consecutive beamIDs in a 5 ms burst on a 20 ms cycle results in a highly dynamic spatial environment as seen by the UE. Proper requirements and the associated test procedures are necessary to ensure that initial access at FR2 meets minimum requirements for performance. The interaction of the BS beamsweeping with beamsteering/beamswitching at the UE considerably complicates the initial access process and needs to be fully studied. The testing of these requirements will require a spatial emulation environment that can switch beam directions per BS requirements. Simplifications of the resulting channel have shown that four to eight beams may be sufficient to model the environment.
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