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1 Introduction
This contribution is a continuation of the work described in [2], where operation of BS beam sweeping was explained and its effect on static geometry channel model parameters was demonstrated. The fading effect is included and instantaneous beam selection of both BS beam and UE beam are simulated for the static geometry channel model in this contribution. The aim of this study is to demonstrate the fading channel characteristics of multi-beam channel model, by simulating the selection of instantaneously strongest beam.
The intent of this contribution is to reason why a spatial test setup should be used for RRM and demod test cases. A spatial setup (MPAC) provides capability to emulate dynamic channel conditions. Even with static CDL channel models the radio channel becomes dynamic when the BS is performing adaptive beamforming. The BS will change its beam state per time-variant angular channel profile, as shown in the results section. Moreover, a spatial setup enables testing of DUT beamforming capabilities, which is not possible with RTS or “wireless cable” methods.
…

[Huawei (T. Jämsä) has contributed for dynamic channel models. To ask for co-sourcing?]
2 Simulation settings 
BS array is 8x8 uniform rectangular array (total 64 elements) with half wavelength element spacing. Elements are vertically polarized. BS has 55 fixed beams. Beam directions are uniformly spaced as follows: eleven in AoD range -60(,…,60( and five in ZoD range 60(,…,120(. UE array is 4x4 uniform rectangular array (total 16 elements) with half wavelength element spacing. Elements are vertically polarized. UE has 49 fixed beams. Beam directions are uniformly spaced as follows: seven in AoA 105(,…, -105( and seven in ZoA 15(,…,165(.

Simulated channel models are CDL-B and CDL-C NLOS models from [1], where angular scaling is applied per UMi scenario and 28 GHz centre frequency. The strongest beam over all time samples of the channel model (1000 in total) is selected in the static beam allocation case. In the dynamic case, the strongest beam was chosen individually for each time sample. The beam allocation is based on narrowband power at carrier centre frequency 28 GHz.
3 Results

Results are collected to the figures below. The left column of figures show results with the dynamic beam allocation case and the right column in static (beam lock) beam allocation condition. Row 1. Shows the allocated BS beams (=beam indices) over channel model time samples. In dynamic case, there is variation between three beam states. One beam state dominates, but for shorter segments of time also other two beams are selected. This is indicated also by the BS beam histogram of row 2. Row 3. Illustrates beam allocations of the UE. It is noted that the BS beam is chosen first and then the strongest UE beam is chosen for the selected Tx-beam. The total number of UE beams that were activated during the simulation is approximately eight, with both B and C model. This is shown in the histogram of row 4.
Row 5. depicts magnitudes of fading channel coefficients over time and at cluster nominal (centre) AoAs. The figure of row 5 is without BS and UE beam effect. Fading coefficients with BS beam are shown in row 6. Finally row 7. illustrates the fading as a function of time and AoA with both BS and UE beams activated. From figures of row 6 and especially row 7, we can observe momentary differences between the dynamic and static cases. In dynamic case, there are strong instantaneous path components present that are missing from the static beam case.
Discussion:

The changes of beam states will potentially cause multiple changes in channel model characteristics as explained in following. The emerging path components, due to dynamic allocation of beams, cause sudden changes in radio channel characteristics. Not only the PAS change, but consequently also the dominant cluster Doppler and delay changes, which may affect the synchronization and channel estimation accuracy of the receiver. Furthermore, also the Doppler power spectrum changes, causing variation in temporal auto-correlation function and channel coherence time. Also, the power delay profile changes, causing sudden changes to frequency correlation function and the coherence bandwidth. From dynamic variation of PAS may result variation of Tx and Rx correlation coefficients of different sub-arrays. All these realistic effects may affect the baseband processing and the link performance. 
The results are shown here for a short sequence of snapshots. 1000 CIRs represent virtual movement of 2.7 m in fading channel, which corresponds roughly 3 seconds at 3 km/h speed. This period may not be long enough for statistical confidence, but serves as an example. Based on this simulation, there are multiple potential beam states within the simulation period. The effect of dynamic beam allocation should be studied further with different channel models, for example drawing different realizations of the generic model of [1], to evaluate statistical behaviour of the dynamic beam allocation. Also, the possible averaging and hysteresis factors of beam selection and re-selection process should be considered and would also possibly be subject of testing in demod and RRM performance test cases.
The results are presented here for the static geometry CDL-B and CDL-C models. It is obvious that if dynamic (moving) channel models are addressed, the beam allocation variability is much greater.
The effects of UE beam sweeping and beam selection are inherently included in spatial emulation with an MPAC setup. The effects of BS beam sweeping can also be included in the channel model as the number of possible BS beam states seems to be quite limited with these channel models.
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	1. BS beam allocations: beam index over time samples
[image: image1.png]BS beam index

33

32

31

30

29

28

27

26

25

24

23

Dynamic beam allocation

200

400

time

600

800

1000




	[image: image2.png]BS beam index

29

28.8

28.6

28.4

28.2

28

27.8

27.6

27.4

27.2

27

Static beam allocation

200

400

time

600

800

1000





	2. Histogram of BS beam allocations: beam index & probability
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	3. UE beam allocations: beam index over time
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	4. Histogram of UE beam allocations: beam index & probability
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	5. AoA / time / magnitude over 1000 channel time samples, without beamforming at either link end
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	6. AoA / time / magnitude over 1000 channel time samples, with BS beamforming
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	7. AoA / time / magnitude over 1000 channel time samples, with BS and UE beamforming
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	CDL C model, TR 38.901

	Dynamic beam allocation
	Static beam allocation

	1. BS beam allocations: beam index over time samples
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	2. Histogram of BS beam allocations: beam index & probability
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	3. UE beam allocations: beam index over time
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	4. Histogram of UE beam allocations: beam index & probability
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	5. AoA / time / magnitude over 1000 channel time samples, without beamforming at either link end
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	6. AoA / time / magnitude over 1000 channel time samples, with BS beamforming
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	7. AoA / time / magnitude over 1000 channel time samples, with BS and UE beamforming
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4 Conclusions 

It was shown that multiple beam states can occur during a short period of fading channel if instantaneously strongest Tx-beam and Rx-beam for the chosen Tx-beam are selected. These results indicate that the beam management process should be tested under realistic spatial fading channel conditions, where at least few strongest BS beam states and multiple UE beam states are included. Furthermore, the receiver capability to cope with the possible beam switch occurrences which cause fast changes in channel model characteristics, should be further studied and the necessity to include multiple Tx- and Rx- beam states and spatial channel model also in demod testing should be considered. 
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