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Introduction
It has been agreed within 3GPP that according to the New Study Item on Self Evaluation towards IMT-2020 Submission [1] self evaluation results should be provided against technical performance requirements for extreme mobile broadband (eMBB) as defined in report ITU-R M.[IMT-2020. TECH PERF REQ], including spectral efficiency [2].
The key minimum technical performance requirements defined by the ITU-R are intended for assuring that IMT-2020 technologies are able to fulfil the objectives of IMT-2020 and to set a specific level of performance that each of the proposed radio interface technologies needs to achieve in order to be considered by ITU-R for IMT-2020.
This contribution presents the preliminary results on spectral efficiency for eMBB and shows that the corresponding IMT-2020 requirements can be met.
Requirements on the spectral efficiency
Among other technical requirements there are requirements on spectral efficiency (SE), which are set to be a three-times improvement in comparison to those of IMT-Advanced. SE is evaluated in terms of its average and 5th percentile values. 
Average spectral efficiency
Average SE is defined as the aggregate throughput of all users (the number of correctly received bits, i.e., the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bps/Hz/TRxP. 
The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. Formally, it is given by

		,
where Ri (T) is the number of correctly received bits by user i (downlink) or from user i (uplink) in a system comprising a user population of N users and M TRxPs; W denotes the channel bandwidth and T is the time over which the data bits are received. 
The conditions for evaluation including carrier frequency and antenna configuration are described in [3] for of the specified each test environments [4], namely Indoor Hotspot (InH), Dense urban (DU) and Rural.
5th percentile user spectral efficiency 
The 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput, i.e., the number of correctly received bits (contained in the SDUs delivered to Layer 3), over a certain period of time, divided by the channel bandwidth and is measured in bps/Hz. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio.
Formally, the (normalized) user throughput of user i, ri, is defined according to

,
with Ri (Ti) denoting the number of correctly received bits of user i, Ti the active session time for user i and W the channel bandwidth.
The conditions for evaluation including carrier frequency and antenna configuration are described in [3] for each test environment.
Test environments and system setup
The evaluations for SE are performed by means of simulations in both downlink and uplink. A 5G prototype multi-user MIMO system has been simulated with explicit impaired CSI. The configurations are summarized in Tables 1 and 2 below.

Table 1 Selected configurations in downlink.
	CSI periodicity 
	5 ms 

	CSI delay 
	5 ms 

	CSI mode 
	Explicit channel state information feedback 

	UE noise figure 
	9 dB 

	Scheduling 
	Proportional fair, MU-MIMO

	CSI-RS 
	Channel estimation error modeled

	Max MU rank
	8

	Max SU rank
	8

	Interference estimation impairment model
	Non-ideal estimation

	Modulation
	OFDM

	Bandwidth 
	10 MHz, 15 kHz subcarrier spacing

	Outer loop LA 
	Yes, 10% BLER target 

	Traffic model 
	Full buffer, 10 UE/cell

	Handover margin 
	3 dB

	UE Antenna
	1x4 cross poles, 0.5λ separation, random orientation in xy-plane

	BS Antenna
	4x32 cross poles, 0.8λ in vertical, 0.5λ in horizontal

	Modulation
	OFDM (also in UL)





Table 2 Selected configurations in uplink.
	Scheduling to transmission delay 
	4 ms 

	ACK NACK processing delay 
	2 ms 

	CSI mode 
	Ideal SRS

	eNB noise figure 
	5 dB 

	Modulation
	OFDM

	Max MU rank
	16

	Max SU rank
	2

	ULPC SNR target
	7 dB

	ULPC M0 (# subcarriers for which target is reached)
	144 subcarriers

	eNB receiver 
	MRC

	Bandwidth 
	10 MHz, 15 kHz subcarrier spacing

	Outer loop LA 
	Yes, 10% BLER target 

	Traffic model 
	Full buffer, 10 UE/cell

	Handover margin 
	3 dB

	UE Antenna
	4x2 cross poles, 0.5λ separation, random orientation in xy-plane

	BS Antenna
	4x32 cross poles, 0.8λ in vertical, 0.5λ in horizontal

	Modulation
	OFDM (also in UL)




Three test environments are considered are DU, Rural and InH scenarios. The simulations performed herein utilize similar scenarios to the ones defined in [4] with some slight modifications, according to Table 3. For instance, DU and Rural scenarios are simulated as layouts with wrap around of 13 base stations serving 3 sectors each, that is, 39 cells in total. The InH scenario is simulated with 8 cells with 20 m inter-site distance (ISD) corresponding to a moderate-sized venue.



Table 3 Scenario-specific parameters.
	Dense Urban (macro level only)

	Channel model
	3GPP 3D UMa, with 200 m ISD

	UE speed 
	3 km/h 

	Carrier frequency
	4 GHz

	Wrapping 
	Radio distance based 

	Number of  cells
	39

	Indoor outdoor
	80% indoor

	UE antenna gain
	0 dBi

	Rural

	Channel model
	ITU Rural, 1732 m ISD

	UE speed 
	120 km/h 

	Carrier frequency
	4 GHz

	Wrapping 
	Radio distance based 

	Number of  cells
	39

	UE antenna gain
	0 dBi

	Indoor Hotspot

	Channel model
	ITU InH, modified, 20m ISD, AP height 3 m

	UE speed 
	0.5 km/h 

	Carrier frequency
	28 GHz

	Wrapping 
	Radio distance based 

	Number of  cells
	8

	UE antenna gain
	5 dBi






Simulation results
The results of system-level simulations for the given test environments are presented in Table 4 below. 
Table 4 Simulation results vs. requirements.
	Scenario
	Setup
	Average SE
[bps/Hz/TRxP]
	5 percentile SE
[bps/Hz/TRxP]

	
	
	Simulated
	Requirement
	Simulated
	Requirement

	5G DU
	Downlink
	13.15
	7.8
	0.322
	0.225

	
	Uplink
	12
	5.4
	0.48
	0.15

	5G Rural
	Downlink
	15.1
	5.5
	0.344
	0.12

	
	Uplink
	8.5
	3.5
	0.17
	0.045

	5G InH
	Downlink
	17.3
	9
	0.57
	0.3

	
	Uplink
	9
	6.75
	0.25
	0.2



As it can be seen from the table, for all the three scenarios the IMT-2020 requirements are fulfilled in terms of SE for both uplink and downlink. This holds for both average and 5th percentile SE.

[bookmark: _Toc494749283]IMT-2020 requirements on spectral efficiency can be fulfilled for the specified test environments for both uplink and downlink.

Conclusion
In this contribution, we have discussed the IMT-2020 requirements on spectral efficiency, as well as provided our preliminary input to the Study Item on Self Evaluation towards IMT-2020 Submission. It has been shown that for both downlink and uplink the IMT-2020 requirements can be fulfilled in terms of both average and 5th percentile spectral efficiency for the test environments specified by ITU-R. 
The following observations have been made:
Observation 1	IMT-2020 requirements on spectral efficiency can be fulfilled for the specified test environments for both uplink and downlink.
 

[bookmark: _In-sequence_SDU_delivery]References
1. RP-171451, “New Study Item on Self Evaluation towards IMT-2020 Submission”, RAN#75, Ericsson et al.
[bookmark: _Ref494452764]Draft new Report ITU-R M.[IMT-2020.TECH PERF REQ] - Minimum requirements related to technical performance for IMT-2020 radio interface(s).
[bookmark: _Ref494454569]Draft new Report ITU-R M.[IMT-2020.EVAL] - Guidelines for evaluation of radio interface technologies for IMT-2020.
TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz.



	1/1	
oleObject1.bin

image2.wmf
W

)

(

R

×

=

i

i

i

i

T

T

r


oleObject2.bin

image1.wmf
M

T

T

N

i

i

×

×

=

å

=

W

)

(

R

SE

1

avg



 


 


1


/


1


 


 


3GPP TSG


-


RAN WG1 Meeting #90bis


 


R


1


-


1718709


 


Prague


, 


Czech Republic


, 


9


th


 


–


 


13


th


 


October


 


2017


 


 


Agenda Item:


 


7.8


 


Source:


 


Ericsson


 


 


Title:


 


IMT2020 self evaluation: On eMBB spectral 


efficiency


 


Document for:


 


Discussion


 


 


1


 


Introduction


 


It has been agreed within 3GPP that according to the


 


New Study Item on 


Self Evaluation towards IMT


-


2020 


Submission


 


[1]


 


self evaluation results 


should be provided 


against technical performance requirements for 


extreme


 


mobile broadband (eMBB) as defined in 


r


eport


 


ITU


-


R M.[IMT


-


2020. TECH PERF REQ], including


 


spectral efficiency


 


[2]


.


 


The key minimum technical performance requirements defined 


by the ITU


-


R are intended


 


for


 


assuring


 


that 


IMT


-


2020 technologies are able to fulfil the objectives of IMT


-


2020 and to set a specific level of performance 


that each 


of the 


proposed 


radio interface technologies


 


needs to achieve in order to be considered by ITU


-


R 


for IMT


-


2020.


 


This contribution 


present


s


 


the 


preliminary 


results on spectral efficiency for eMBB


 


and 


show


s


 


that the 


corresponding IMT


-


2020 requirements can be met.


 


2


 


Requirements on the spectral efficiency


 


Among other technical requirements there are requirements on spectral efficiency


 


(SE)


, which are set 


to be


 


a 


three


-


times 


improvement


 


in comparison to


 


those of IMT


-


Advanced. 


SE is evaluated in terms of it


s


 


average 


and 5


th


 


percentile values. 


 


2.1


 


Average spectral efficiency


 


Average


 


SE


 


is 


defined as 


t


he aggregate throughput of all users (the


 


number of correctly received bits, i.e.


,


 


the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) 


divided by the 


channel bandwidth of a specific band divided by the number of 


TRxPs and is measured in b


p


s/Hz/TRxP


. 


 


The 


channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse 


factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the 


uplink


/


downlink


 


ratio. 


Formally, it is given by


 


 


 


M


T


T


N


i


i


×


×


=


å


=


W


)


(


R


SE


1


avg


,


 


where 


R


i


 


(


T


) 


is


 


the number of correctly received bits by user 


i


 


(downlink) or from user 


i


 


(uplink) in a system 


comprising a user population of 


N


 


users and 


M


 


TRxPs; 


W denote


s


 


the channel bandwidth and 


T


 


is 


the time 


over which the data bits are received. 


 




    1 / 1     3GPP TSG - RAN WG1 Meeting #90bis   R 1 - 1718709   Prague ,  Czech Republic ,  9 th   –   13 th   October   2017     Agenda Item:   7.8   Source:   Ericsson     Title:   IMT2020 self evaluation: On eMBB spectral  efficiency   Document for:   Discussion     1   Introduction   It has been agreed within 3GPP that according to the   New Study Item on  Self Evaluation towards IMT - 2020  Submission   [1]   self evaluation results  should be provided  against technical performance requirements for  extreme   mobile broadband (eMBB) as defined in  r eport   ITU - R M.[IMT - 2020. TECH PERF REQ], including   spectral efficiency   [2] .   The key minimum technical performance requirements defined  by the ITU - R are intended   for   assuring   that  IMT - 2020 technologies are able to fulfil the objectives of IMT - 2020 and to set a specific level of performance  that each  of the  proposed  radio interface technologies   needs to achieve in order to be considered by ITU - R  for IMT - 2020.   This contribution  present s   the  preliminary  results on spectral efficiency for eMBB   and  show s   that the  corresponding IMT - 2020 requirements can be met.   2   Requirements on the spectral efficiency   Among other technical requirements there are requirements on spectral efficiency   (SE) , which are set  to be   a  three - times  improvement   in comparison to   those of IMT - Advanced.  SE is evaluated in terms of it s   average  and 5 th   percentile values.    2.1   Average spectral efficiency   Average   SE   is  defined as  t he aggregate throughput of all users (the   number of correctly received bits, i.e. ,   the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time)  divided by the  channel bandwidth of a specific band divided by the number of  TRxPs and is measured in b p s/Hz/TRxP .    The  channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse  factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the  uplink / downlink   ratio.  Formally, it is given by      

M T

T

N

i

i

 







W

) ( R

SE 1

avg

,   where  R i   ( T )  is   the number of correctly received bits by user  i   (downlink) or from user  i   (uplink) in a system  comprising a user population of  N   users and  M   TRxPs;  W denote s   the channel bandwidth and  T   is  the time  over which the data bits are received.   

