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1
Introduction
In RAN1 #84b, the evaluation assumptions for NR test was agreed in [1] including following test scenarios: indoor hotspot, dense urban, rural macro, urban macro and high speed. In RAN1 #85 ([2]), we had provided the initial DL simulation results for the dense urban and rural macro scenarios ([3]), assuming V-pol antennas at the base station. In [4], we have provided the updated full-buffer simulation results with X-pol antennas.
In this contribution, we present DL simulation results with bursty traffic with X-pol antennas at the base station.
2
Simulation Assumptions
In this contribution, we focus on a single layer NR network, dense urban deployment scenario with sub-6GHz carrier frequency.  The simulation assumptions used are based on [1], tabulated in Table 1. The analysis below assumes FTP Model 3, with burst size of 0.5 MB (as specified in [1]). The inter-arrival time is exponentially distributed with a mean of 2.5 sec. All of the simulations have been run on a CC of 20 MHz.
Table 1: System Simulation Assumptions
	Parameters
	Dense urban

	Layout
	Single layer
 - Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m

	Carrier frequency 
	Macro layer: Around 4 GHz 

	Aggregated system 
bandwidth
	200MHz (DL+UL) 

	Simulation bandwidth
	20MHz per CC below 6GHz
Note: UE TX power scaling will impact final results

	Channel model
	3D UMa

	Tx power 
	BS: 44 dBm PA scaled with simulation BW
UE: 23dBm

	BS antenna configuration
	256 Tx /Rx antenna elements, x-pol

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height 
	25 m 

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE antenna elements
	4 Tx /Rx antenna elements 

	UE antenna height
	Proposal: Follow TR36.873 

	UE antenna gain
	Proposal: Follow the modeling of TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	FTP Model 3, with burst size of 0.5 MB (as specified in [1]). The inter-arrival time is exponentially distributed with a mean of 2.5 sec

	Traffic load (Resource utilization)
	20-57%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)
Uniform/macro TRP ([10] users per TRP for full buffer traffic)

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


The DL centric subframe structure is similar to the one shown in [4]. SRS, Channel, Rnn estimation and calibration error modelling are done exactly as in [4]. For scheduling, we have used sub-band algorithm, based on the wideband algorithm described in [4].
3
Simulation Results

We define the user experience, or user perceived throughput (UPT), as the rate at which a burst (of size 0.5 MB) gets downloaded, where the download time is measured from the time when the burst arrives at the base station buffer, until the end of the download. In this section, we show the CDFs and the edge (5%-ile), median and mean of the user experience at various resource utilization values. Note that the burst rates have been computed over a CC BW of 20 MHz.
Figure 1 shows the CDF of user experience at a resource utilization of 20%. Figure 2 shows the corresponding rank CDF. Note that the edge burst rate is close to 60 Mbps.
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Figure 1: User experience at Resource Utilization = 20%
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Figure 2: CDF of Total BS Rank at Resource Utilization = 20%
Figure shows the CDF of user experience at a resource utilization of 50%. Figure shows the corresponding rank CDF. Note that the edge burst rate is close to 25 Mbps.
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Figure 3: User experience at Resource Utilization = 50%
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Figure 4: CDF of Total BS Rank at Resource Utilization = 50%
Table 2 shows the edge, median and mean user experience for the dense urban scenario over 20 MHz. At a resource utilization of close to 50%, the cell-edge user experience is still more than 25 Mbps.
Table 2: MU-MIMO user experiences at edge, median and mean over 20 MHz
	SU-MIMO 
RU 
(%)
	MU-MIMO
5%-ile UPT (Mbps) 
	MU-MIMO
Median UPT (Mbps) 
	MU-MIMO
Mean UPT (Mbps) 

	21%
	60
	135
	151

	57%
	27
	80
	92


4
Conclusions 
In this contribution, we evaluated the DL bursty traffic performance at 4GHz for NR “dense urban” evaluation scenario. It was observed that NR could achieve more than 25 Mbps burst rate at the cell-edge even at a resource utilization of 50%, based on initial evaluation results.
Proposal 1: Consider MU-MIMO for DL bursty traffic evaluation in NR.
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Appendix

In appendix, we provide detailed statistics comparison between MU-MIMO and SU-MIMO.
Figure 5 below compares the user experience and Figure 6 compares the rank performance of SU-MIMO and MU-MIMO, when the resource utilization of SU and MU-MIMO is close to 20%. Edge user experience improves by 45%, while the median user experience improves by 10%.
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Figure 5: Comparison of user experience between SU-MIMO and MU-MIMO around resource utilization of 20%.
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Figure 6: Comparison of rank performance between SU and MU-MIMO around resource utilization of 20%.

Figure 7 below compares the user experience and Figure 8 compares the rank performance of SU-MIMO and MU-MIMO, when the resource utilization of SU and MU-MIMO is close to 50%. At this loading, SU-MIMO resource utilization is 57%. Edge and median user experience improves by about 100%.
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Figure 7: Comparison of user experience between SU and MU-MIMO around resource utilization of 50% for MU-MIMO (57% for SU-MIMO).
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Figure 8: Comparison of user experience between SU and MU-MIMO around resource utilization of 50% for MU-MIMO (57% for SU-MIMO)

Figure 9 below shows the edge and median user experience gains as a function of SU-MIMO resource utilizations. Figure 10 shows the decrease in resource utilization in the system, when MU-MIMO operation is turned on. Due to an increase in spectral efficiency, bursts are downloaded faster, which reduces resource utilization, and improves DL SINR for bursts, improving overall user experience.
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Figure 9: Gain in user experience vs SU-MIMO resource utilization
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Figure 10: Reduction in Resource Utilization in the system as a result of MU-MIMO operation.

Table 3 below shows the comparison of edge, median and mean user experiences when MU-MIMO resource utilization is 19% and 49%. The corresponding SU resource utilizations are 21% and 57%.
Table 3: SU-MIMO and MU-MIMO user experiences at edge, median and mean over 20 MHz
	
	MU-MIMO
	SU-MIMO
	MU-MIMO
	SU-MIMO

	 RU 
(%)
	20%
	21%
	50%
	57%

	5%-ile UPT 
(Mbps) 
	60
	42
	27
	14

	Median UPT 
(Mbps) 
	135
	122
	80
	42

	Mean UPT 
(Mbps) 
	151
	135
	92
	63
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