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1. Introduction

This paper provides initial system simulation results for beam management discussion at RAN4 for NR work items. 

2. Simulation assumptions
We follow the simulation assumptions listed in [1] for the Urban Macro (UMa) environment at 30 GHz with a 200 m ISD. In these studies, we use a SS block bandwidth of 50 MHz for the DL setting. The EIRP is assumed to be 78 dBm for the link margin. 
Channel matrices incorporating small-scale fading are generated for each UE drop from different BS’ (which are dropped in a hexagonal 57 sector scenario) following the 5GCM framework. For the BS, the baseline configuration of (M,N,P,Mg,Ng) = (4,8,2,2,2) resulting in a 16 x 8 dual-polarized antenna array. For the UE, Config a of (M, N, P) = (2,4,2) resulting in an 8 x 4 dual-polarized array is used. 
In terms of the beam codebooks used for beamforming, a size 16 analog beam codebook corresponding to a SS block of size 16 is used from each sector that covers the 120o azimuthal angular spread of the sector. The beams are non-uniformly spaced DFT beams in the coverage area of each sector to ensure that the worst-case array gain over the coverage area is maximized. The beams cover the elevation plane corresponding to a downtilt of 110o assuming a 25 m BS height. At the UE side, an omni beam is used. 
The elemental gain at the gNB side is 8 dBi. The RSRP corresponding to each SS block beam combination is computed at each UE from all the 57 sectors. The DL SINR corresponding to each SS beam from the SS block is computed using the transmit power, the noise power and array gain from beamforming over the multi-antenna channel. 
3. Simulation results
We present simulation results in the UMa setting for the following two aspects with the system simulation framework described above. 

· Number of SS block beams to be detected
· Number of cells to be detected
Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.
Towards presenting results for the number of SS blocks and cells detected, we first plot the CDF of the best four SS beams to each UE with SINR of the beams as the metric in Figure 1. (The choice of the best four beams is made to ensure that the plot is not cluttered.) Note that some/many of these best beams could be from the same sector or from different sectors. From Fig. 1, we see that the best four SS beams are all comparable in terms of SINR with a spread of around 5 dB. 

To further understand this observation, in Figure 2, we plot the CDF of the number of SS beams that have an SINR that are above a certain detection threshold. For this, the detection threshold is set as either -5 dB, -10 dB, -15 dB, or -20 dB. From Figure 2, we observe that a significant number of SS beams are above the chosen thresholds. Mandating the UEs to be able to measure a very large number of beams will greatly increase the searcher complexity but might not bring a significant system performance improvement. Further study is needed to evaluate the tradeoffs between the number of beams that a UE should be able to measure and the performance benefits.
We then study the number of cells that can be detected with the same beamforming procedure as above. We plot the CDF of the number of cells in Figure 3. Fig. 3 shows that for a good fraction of the UEs, the number of cells to be detected is small (on the other of 3-4). However, a number of UEs actually see a significant number of cells that lead to a best beam SINR above the detection threshold. The detection threshold should be further discussed by taking into account the link level simulation results for cell detection. The number of cells/beams to be measured is highly dependent on this threshold.
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Figure 1: CDF of best four SS beams across the UEs in a UMa scenario at 30 GHz. 
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Figure 2: CDF of number of SS beams that can be detected satisfying an SINR threshold of -5 dB, -10 dB, -15 dB and -20 dB. Same figure with tail CDF values in the right side. 
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Figure 3: CDF of number of cells that can be detected satisfying an SINR threshold of -5 dB, -10 dB, -15 dB and -20 dB. Same figure with tail CDF values in the right side.
4. Proposals
In this paper we presented initial system level simulation results for mmWave. Based on these results, the number of detectable beams is relatively large and this would have a significant impact on the searcher implementation complexity. Further study on the tradeoffs between the detection threshold, the number of beams that a UE should be able to measure and system performance is needed.
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