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1 Introduction

A new Study Item on Reduced Capability NR devices was decided in RANP#86 [1]. This contribution try to assess the impact of the introduction of UEs with reduced number of receive antennas on the network capacity for a typical Urban Macrocell scenario and eMBB services (FTP download). The followed methodology is based on system simulations with different ratios between the number of eMBB UEs with 4 Rx antennas and the number of reduced capability UEs with a single receive antenna. The impact on the average throughput of eMBB UEs and on the average resource usage is investigated with respect to the ratio between eMBB UEs and reduced capability UEs and the traffic arrival rates. 
2 Discussion on simulation results
In order to assess the impact of reduced capability UEs with single Rx antenna on the capacity of our network for a typical Urban Macro deployment scenario, system simulations were carried out in a typical e-MBB setting and Urban Macrocell scenario (the detailed system level simulation parameters are given in Annex 5). For a given environment and cell deployment (UMA with ISD 500 meters) the UEs appear on the network with a fixed arrival rate (in UEs/cell/second) set for each simulation and they disappear after downloading a file of size 2 Mo. The reference configuration consider only eMBB UEs with 4 Rx antennas then 10%, 25% and 50% reduced capability UEs with 1 Rx antenna are introduced in the network. For each configuration, the target arrival rate is fixed in order to reach an average resource usage between 10% and 80% (targets 10, 40, 80%). The observed metrics are: 
1. the average resource usage,

2. the average throughput of the eMBB UEs equipped with 4 Rx antennas.
Fig. 1 shows the influence of the ratio of reduced capability UEs on the average resource usage while Fig. 2 shows the influence on the average throughput per eMBB UEs. 
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Figure 1: Average resource usage
	[image: image2.png]avg throughput of the ues with 4 rx ant vs cell arrival rate. TUDR 2Mo
3.5GHz/100MHz, TX: 32 APs, Ptx: 23dBW, X pol, MLBF_EV

1000

950 L& 50% ues 4rx + 50% ues Irx

900 75% ues 4rx +25% ues Irx  —

850

90% ues 4rx + 10% ues 1rx

800 \\\\‘ ——100% ues 4rx T

750

700 ™~

650 \\ ~_

600

550
~]

500 N

450

avg thr (Mb/s)

350
300 AN ~
250
200
150
w0 L L T

4 6 8 10 12 14 16 18 20 2 24 26 28 30 32 3 36 38
cell arrival rate (nbUe/cell/s)





Figure 2: Average throughput per eMBB UE


Observing more closely the cell arrival rates 8, 20 et 27.5 UEs/cell/sec which corresponds for the reference configuration to an everage resource usage of 10% (low loaded network), 30% (average loaded network) and 50% (highly loaded network), respectively.We draw the corresponding histograms in Figs. 3,4 and 5.  
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Figure 3: Average throughput per eMBB UEs
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Figure 4: Cell average resource usage in percentage
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Figure 5: Average throughput degradation in percentage per eMBB UE


Fig. 5 summarizes the impact of the introduction of reduced capability UEs on the average throughput of eMBB UEs. The degradation is all the more important when the network is loaded and the number of reduced capability UE percentage is high as expected. Considering 50% of  reduced capability UEs within the network:

1. for a low loaded network, the degradation is around 10% ,

2. for an average loaded network, the degradation is around 33%,
3. for a highly loaded network, the degradation is around 60%.
However, if the percentage of reduced capability UE in the network is limited (10%), the degradation remains acceptable and is limited to 10% at worst.
Observation 1: the introduction of a large population of reduced capability UEs with single Rx antenna degrades significantly the downlink capacity of the network particularly in loaded scenarios.
3 Proposed way forward
In view of the simulations, reducing the number of Rx antennas at the UE has a significant impact on the capacity of eMBB macro networks deployed at 3.5 GHz. As a result, we propose:
Proposal 1: ensure UEs with reduced number of antennas are only introduced for very specific use cases (e.g. Industrial Sensors) with low traffic patterns, so that impact on the overall network capacity remains low

Proposal 2: ensure that devices with reduced capabilities can be clearly identified on the network in order to allow operators to restrict their access if needed.

4 Conclusion

In view of system simulation results on the impact of reducing the number of Rx antennas at the UE, the following observations and proposals are made:

Observation 1: the introduction of a large population of reduced capability UEs with single Rx antenna degrades significantly the downlink capacity of the network particularly in loaded scenarios 
Proposal 1: ensure reduced capabilities are only introduced for very specific use cases (e.g. Industrial Sensors) with low traffic patterns, so that impact on the overall newtrok capacity remains low

Proposal 2: ensure that devices with reduced capabilities can be clearly identified on the network in order to allow operators to restrict their acces if needed.

5 Annex

	System simulation parameters
	
	
	
	

	Scenario
	UMA
	
	
	
	

	Number of cells
	57
	
	
	
	

	ISD
	500
	m
	
	
	

	UE speed
	3
	km/h
	
	
	

	
	
	
	
	
	

	Frequency carrier
	3.5
	GHz
	
	
	

	Bandwidth
	100
	MHz
	
	
	

	Subcarrier spacing
	30
	kHz
	
	
	

	Total transmit power
	23
	dBW
	
	
	

	
	
	
	
	
	

	Frequency Selective scheduling 
	5
	UEs per slot 

(slot based scheduling with allocation type 0)
	
	
	

	
	
	
	
	
	

	Traffic model
	TUDR
	
	
	
	

	File size
	2
	Mo
	
	
	

	Number of UEs created per simulations
	2500
	
	
	
	

	
	
	
	
	

	SU-MIMO with perfect CSI

Multi-layer eigenvector beam-forming
	
	
	
	

	Precoding update each
	10 
	 slots 
	
	
	

	
	
	
	
	
	

	Control channel, Reference signals:
	
	
	
	

	overhead
	14
	%
	
	
	

	
	
	
	
	
	

	TX antenna array:
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	RX antenna array:
	
	

	Nb antenna elements
	192
	
	Nb antenna elem
	1, 4
	

	Nb cols x nb lines
	8x12
	
	Nb lins of elem
	1,2
	

	Nb TXRUs
	32
	
	Nb cols of elem
	1
	

	Polarization
	X
	
	Polarization
	|,X
	

	
	
	
	
	
	

	Antenna Element (AE) parameters:
	
	
	AE parameters:
	
	

	AE spacing H/V
	0.5/0.7
	lambda
	AE spacing V
	0.5
	lambda

	AE gain
	7.3
	dBi
	AE gain
	0
	dBi

	Aperture Angle @ -3dB H/V
	85/85
	deg
	Pattern
	omni
	

	Max attenuation H/V
	30/30
	dB
	
	
	

	Downtilt
	4
	deg
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