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Introduction
[bookmark: _GoBack]This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020 submission” [1]. In this paper, we provide self-evaluation results for the simulation based metrics of Average Spectral Efficiency and 5-th Percentile Spectral Efficiency for NR eMBB deployment configurations for sub-6 GHz and mmWave cases. We present the detailed assumptions considered for this evaluation and show that NR can meet IMT-2020 minimum requirements [2]. 
Evaluation Methodology

In this paper, we evaluate the NR eMBB average cell spectral efficiency and the 5th percentile spectral efficiency. System level simulation with full-buffer traffic model is used for these evaluations. According to [3], the two metrics can be evaluated as follows.
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2 





Average Spectral Efficiency: For the case of average spectral efficiency, consider a system withusers and TRxPs. If  denotes the successfully received bits from user i uplink) or by user i (downlink) over a bandwidth W and time T, the average spectral efficiency of the system over  number of drops is given by

,



where  denotes the successfully received bits by (from) user from drop.


5th Percentile Spectral Efficiency: Considering a similar system over  number of drops, the spectral efficiency of the i-th user is denoted by:

.

Running the system level simulation over the multiple drops yields  number of data points and the 5th percentile spectral efficiency is evaluated as the lowest 5th percentile point of the CDF of these data points.

In this paper, based on the above definitions and using the simulation methodology for the different eMBB test environments outlined in [3], we show that NR can meet the IMT-2020 requirements for all environments in sub-6GHz. The case of mmWave, an SLS implementation with single panel operation, where all panels (or TXRUs) use the same analog beam, it can be shown that Indoor Hotspot eMBB (Configuration B in [3]) meets requirements for both downlink and uplink. 

The evaluations for spectral efficiency should account for L1 and L2 overhead. The system level overhead assumptions for FR1 and FR2 are provided in Appendix 7.1, while the detailed system level simulation assumptions are provided in Appendices 7.2 and 7.3 for FR1 and FR2 respectively. 
Evaluation Results

In this section, we present the system level evaluation results for Frequency Range 1 and Frequency Range 2 operation of NR eMBB based on the test environments outlined in [3]. For the case of FR1 [5] i.e., carrier frequency below 6 GHZ (4GHz and 700MHz), we present evaluation results for IMT channel model A for the respective test environments. In this case, we consider a sub-carrier spacing of 15 kHz. For the case of FR2 [6] i.e., carrier frequency in the mmWave range (30GHz), we present results for IMT channel model B for the respective test environments. In this case, we consider a subcarrier spacing of 120 kHz. For the case of uplink simulation results, we also report the open power control parameters used for each test environment. For TDD operation, we consider the frame-structure ‘DSUUD’ with S having 6 downlink symbols, 2 guard symbols and 6 uplink symbols.
3 
Frequency Range 1
In this section, the results for frequency range 1 corresponding to evaluation configurations in [3] with carrier frequencies below 6GHz, are presented for each test environment. The detailed overhead assumption for FDD and TDD are presented in Appendix 6.1 and the system level simulation assumptions are provided in Appendix 6.2. Finally, for the case of frequency range 1, we provide results based on IMT Channel Model A [3] for each test environment.
Indoor Hotspot eMBB

	Downlink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration A 
CF = 4GHz, Channel Model A

	
	12 TRxP
	36 TRxP

	
	FDD
	TDD
	FDD
	TDD

	5th Percentile
	0.443
	0.418
	0.452
	0.426

	Average
	11.832
	11.163
	14.011
	13.219



It can be seen from the above table that the IMT-2020 requirement of 0.3 bits/s/Hz for 5th percentile downlink spectral efficiency and 9 bits/s/Hz for downlink average spectral efficiency is easily fulfilled by NR Indoor Hotspot deployment scenario for downlink operation in FR1 for all configurations defined in [3] with IMT channel model A.


	Uplink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration A 
CF = 4GHz, Channel Model A

	
	12 TRxP
	36 TRxP

	
	FDD
	TDD
	FDD
	TDD

	5th Percentile
	0.590
	0.564
	0.465
	0.445

	Average
	13.903
	13.293
	15.122
	14.458

	Power Control
Parameters
	

	




It can be seen from the above table that the IMT-2020 requirement of 0.21 bits/s/Hz for 5th percentile uplink spectral efficiency and 6.75 bits/s/Hz for average uplink spectral efficiency is easily fulfilled by NR Indoor Hotspot deployment scenario for uplink operation in FR1 for all configurations defined in [3] with IMT channel model A.






Dense Urban eMBB

	Downlink
Spectral Efficiency
(bits/s/Hz)
	Dense Urban eMBB Configuration A 
CF = 4GHz, Channel Model A

	
	FDD
	TDD

	5th Percentile SE
	0.598
	0.564

	Average SE
	16.491
	15.587



It can be seen from the above table that the IMT-2020 requirement of 0.225 bits/s/Hz for 5th percentile downlink spectral efficiency and 7.8 bits/s/Hz for average downlink spectral efficiency is easily fulfilled by NR Dense Urban Macro deployment scenario for downlink operation in FR1 for all configurations defined in [3] with IMT channel model A.

	Uplink
Spectral Efficiency
(bits/s/Hz)
	Dense Urban eMBB Configuration A 
CF = 4GHz, Channel Model A

	
	FDD
	TDD

	5th Percentile SE
	0.526
	0.502

	Average SE
	22.406
	21.422

	Power Control 
Parameters
	
 




It can be seen from the above table that the IMT-2020 requirement of 0.15 bits/s/Hz for 5th percentile uplink spectral efficiency and 5.4 bits/s/Hz for average uplink spectral efficiency is easily fulfilled by NR Dense Urban Macro deployment scenario for uplink operation in FR1 for all configurations defined in [3] with IMT channel model A. 
Rural Macro eMBB

	Downlink
Spectral Efficiency
(bits/s/Hz)
	Rural Macro eMBB - Channel Model A

	
	Configuration A
CF = 700 MHz, 
ISD = 1732 m
	Configuration B 
CF = 4GHz, 
ISD = 1732 m
	Configuration C (LMLC)
CF = 700 MHz, 
ISD = 6000 m

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	5th Percentile SE
	0.525
	0.496
	0.524
	0.495
	0.469
	0.442

	Average SE
	17.014
	16.052
	20.045
	18.912
	14.082
	13.285



It can be seen from the above table that the IMT-2020 requirement of 0.12 bits/s/Hz for 5th percentile downlink spectral efficiency and 3.3 bits/s/Hz for average downlink spectral efficiency is easily fulfilled by NR Rural Macro deployment scenario for downlink operation in FR1 for all configurations defined in [3] with IMT channel model A.

	Uplink
Spectral Efficiency
(bits/s/Hz)
	Rural Macro eMBB - Channel Model A

	
	Configuration A
CF = 700 MHz, 
ISD = 1732 m
	Configuration B 
CF = 4GHz, 
ISD = 1732 m
	Configuration C (LMLC)
CF = 700 MHz, 
ISD = 6000 m

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	5th Percentile SE
	0.630
	0.602
	0.282
	0.270
	0.087
	0.083

	Average SE
	15.499
	14.819
	22.934
	21.927
	11.406
	10.905

	Power Control 
Parameters
	

	

	





It can be seen from the above table that the IMT-2020 requirement of 0.045 bits/s/Hz for 5th percentile downlink spectral efficiency and 1.6 bits/s/Hz for average downlink spectral efficiency is easily fulfilled by NR Rural Macro deployment scenario for downlink operation in FR1 for all configurations defined in [3] with IMT channel model A.
Frequency Range 2
In this section, the results for frequency range 2 with carrier frequency of 30 GHz is presented for Indoor Hotspot eMBB (downlink and uplink). The detailed overhead assumptions are presented in Appendix 6.1 and the system level simulation assumptions are provided in Appendix 6.3. 
Indoor Hotspot eMBB

	Downlink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration B 
CF = 30 GHz, Channel Model B

	
	12 TRxP
	36 TRxP

	5th Percentile
	0.417
	0.356

	Average
	10.308
	10.567



It can be seen from the above table that the IMT-2020 requirement of 0.3 bits/s/Hz for 5th percentile downlink spectral efficiency and 9 bits/s/Hz for downlink average spectral efficiency is fulfilled by NR Indoor Hotspot deployment scenario for downlink operation in FR2.

	Uplink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration B 
CF = 30 GHz, Channel Model B

	
	12 TRxP
	36 TRxP

	5th Percentile
	0.438
	0.319

	Average
	11.755
	10.688

	Power Control
Parameters
	

	





It can be seen from the above table that the IMT-2020 requirement of 0.21 bits/s/Hz for 5th percentile uplink spectral efficiency and 6.75 bits/s/Hz for average uplink spectral efficiency is easily fulfilled by NR Indoor Hotspot deployment scenario for uplink operation in FR2.

Conclusions  
In this paper, we presented system level evaluations of average cell spectral efficiency and the 5th percentile spectral efficiency for the frequency range 1 and 2. It was shown that NR can easily meet the requirements for all test environments and evaluation configuration in frequency range 1 for both downlink and uplink. For the case of frequency range 2, NR can meet the IMT-2020 requirements for Indoor Hotspot eMBB Configuration B for both downlink and uplink.
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[bookmark: _Ref521609442]System Level Overhead Assumptions

Table 5: Overhead Assumptions for FR1 (TDD/FDD)
	Parameter
	Downlink
	Uplink

	Max # Transmit Layers
	12 (up to 4 per UE in MU-MIMO)
	12 (up to 4 per UE in MU-MIMO)

	DM-RS
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs:
24 REs/PRB/slot
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs:
24 REs/PRB/slot

	SRS
	-
	12 RE/PRB/period
Periodicity 10 slots

	CSI-RS
(for CSI)
	TDD
	10 4-port CSI-RS resource per slot
40 RE/PRB/period 
Periodicity 10ms
	-

	
	FDD
	32-port CSI-RS resource per slot
32 RE/PRB/period 
Periodicity 10ms
	

	CSI-IM 
	4 RE/PRB/period
Periodicity 10ms
	-

	TRS
	2(burst length)*4 RE/PRB/periodicity
Periodicity = 20ms
	-

	SSB
	1 SSB 
240x4 RE/period
Periodicity = 10ms
	· 

	PDCCH
	8 CCE (Aggregation Level 8) + 2 symbols (24 RE) in in every slot
12x48 RE/slot
	-

	PUCCH
	-
	Short – 2 symbols, 8 PRBs
24 x 8 x 5 = 960  REs/period
Periodicity 2 slots



In order to provide a tangible calculation with the above assumptions, we consider an SCS of 15 kHz and 10 MHz system BW with 52 PRBs as shown in Table 3. Considering a block of 10 slots with a total duration of 10ms i.e., a total of 87360 REs, we provide an initial calculation in the attached worksheet in [11]. It is seen that a downlink overhead of 24.359% (FDD), 28.635% (TDD), and an uplink overhead of 16.09% (FDD) and 19.784% (TDD) can be achieved. 

Table 6: Overhead Assumptions for FR2 (TDD)
	Parameter
	Downlink
	Uplink

	Max # Transmit Layers
	6/12 (up to 4 per UE in MU-MIMO)
	6/12 (up to 4 per UE in MU-MIMO)

	DM-RS
	PTRS OFF
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs
24 REs/PRB/slot
	2 symbol Type 2 DMRS in each slot with RS on 3 combs
24 REs/PRB/slot

	
	PTRS ON
	1 symbol Type 2 FL DMRS in each slot with RS on 3 combs
12 REs/PRB/slot
	1 symbol Type 2 DMRS in each slot with RS on 3 combs
12 REs/PRB/slot

	SRS
	-
	12 RE/PRB/period
Periodicity 2 slots

	CSI-RS
(for CSI)
	10 4-port CSI-RS resource per slot
40 RE/PRB/period 
Periodicity 10 ms
	-

	CSI-IM 
	4 RE/PRB/period
Periodicity 1 ms
	-

	TRS
	1(burst length)*4 RE/PRB/period
Periodicity = 2ms
	-

	PTRS (if ON)
	
 
4x3 = 12 RE/PRB/slot
	
 
4x3 = 12 RE/PRB/slot

	CSI-RS BM
	TBD
	-

	SSB
	12 SSB 
12x240x4 RE/period
Periodicity 20ms
	· 

	PDCCH
	8 CCE (Aggregation Level 8) + 2 symbols in every slot
12x48 RE/slot
	-

	PUCCH
	-
	Short – 2 symbols, 8 PRBs
24 x 8 x 5 = 960  REs/period
Periodicity 2 slots



For FR2, we assume a SCS of 120 kHz and system BW of 100 MHz with 66 PRBs as shown in Table 4. Considering a block of 80 slots with a total duration of 10ms i.e., a total of 887040 REs, we provide an initial calculation in the attached worksheet in [11]. It is seen that a DL overhead of 26.933% and a UL overhead of 23.128% is achievable under the assumptions in Table 6. It can be seen that the overhead with or without PTRS remains the same. However, in the presence of PTRS only up to 6 MIMO layers can be supported at the gNB. Furthermore, the overhead assumptions for CSI-RS for BM can be further discussed. 
[bookmark: _Ref521352770]Simulation Assumptions for FR1

	Simulation Parameters
	Scenario

	
	Dense Urban Macro eMBB
	Indoor Hotspot eMBB
	Rural Macro eMBB
Configuration A,
Configuration C (LMLC)
	Rural Macro eMBB
Configuration B

	Carrier Frequency
	4GHz
	4GHz
	700 MHz
	4GHz

	Simulation BW
	10MHz (FDD); 20 MHz (TDD)

	Sub-carrier Spacing
	15 kHz

	Channel Model
	IMT UMa A
	IMT InH A
	IMT RMa A
	IMT RMa A

	Inter-Site Distance
	200m
	20m
	Configuration A: 1732 m
Configuration C: 6000 m
	1732 m

	BS Antenna Configuration


	(1,1,8,16,2; 1,16)
32 TXRU
	For 12 TRxP:
(1,1,4,4,2; 4,4)
32 TXRU
	(1,1,4,8,2; 1,8)
16 TXRU
	(1,1,8,16,2; 1,16)
32 TXRU

	
	
	For 36 TRxP:
(1,1,8,16,2; 2,8)
32 TXRU
	
	

	
BS Antenna Spacing 
	(0.8, 0.5)
	(0.5, 0.5)
	(0.8, 0.5)
	(0.8, 0.5)

	UE Antenna Configuration


	(1,1,1,2,2; 1,2)
4 TXRU
	(1,1,1,2,2; 1,2)
4 TXRU
	(1,1,1,2,2; 1,1):
4 TXRU
	(1,1,1,2,2; 1,2)
4 TXRU

	UE Antenna Spacing


	(0.5, 0.5)
	(0.5, 0.5)
	(0.5, 0.5)
	(0.5, 0.5)

	Beam set at BS
	Single beam at
102 electronic downtilt
	Single beam 
Downtilt
12 TRxP - 90 
36 TRxP - 110 
	Single beam
Electronic downtilt:
Configuration A - 100
Configuration C - 96
	Single beam at
100 electronic downtilt

	Beam Set at UE
	Single Beam Omni-Directional

	UE Deployment
	80% Indoor; 20% Outdoor
	100% Indoor
	50% Indoor; 50% Outdoor

	Traffic Model
	Full Buffer

	Highest Modulation
	256 QAM for DL and UL

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with 12 layers at BS for DL/UL

	Scheduler
	DL: MU-PF with sub-band scheduling, rank adaptation and beam sweeping at BS
UL: MU-PF with non-contiguous scheduling, rank adaptation and beam sweeping at BS

	Feedback
	Type II Codebook based CSI for DL
NR UL Codebook for UL

	Impairment Modeling
	Channel Estimation Error; 
UL MPR modeled as per TS 38.101 (Additional 2dB back-off for non-contiguous UL scheduling)





[bookmark: _Ref521352773]Simulation Assumptions for FR2

	Simulation Parameters
	Indoor Hotspot eMBB

	Carrier Frequency
	30GHz

	Simulation BW
	50MHz (TDD)

	Sub-carrier Spacing
	120 kHz

	Channel Model
	IMT InH B

	Inter-Site Distance
	20m

	BS Antenna Configuration


	For 12 TRxP:
(1,1,8,8,2; 4,4)
32 TXRU

	
	For 36 TRxP:
(1,1,8,16,2; 2,8)
32 TXRU

	
BS Antenna Spacing 
	(0.5, 0.5)

	UE Antenna Configuration


	(1,2,2,4,2; 1,1)
4 TXRU
Panels:[0 180]

	UE Antenna Spacing


	(0.5, 0.5)

	Beam set at BS
	DFT Beam Selection
with 2x Horizontal/Vertical Oversampling

	Beam Set at UE
	DFT Beam Selection

	UE Deployment
	100% Indoor

	Traffic Model
	Full Buffer

	Highest Modulation
	256 QAM for DL and UL

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with up to 8 layers at BS for DL/ and up to 6 layers at the BS for UL

	Scheduler
	DL: Multi-panel MU-PF with sub-band scheduling, rank adaptation and beam sweeping at BS

	
	UL: MU-PF with non-contiguous scheduling, rank adaptation and beam sweeping at BS

	Feedback
	DL: Type II Codebook based CSI for single beam transmissions
Type I SP Codebook based CSI for multi-beam transmissions

	
	UL: NR UL Codebook

	Impairment Modeling
	Channel Estimation Error; 
UL MPR modeled as per TS 38.102



oleObject2.bin

image3.wmf
()

i

RT


oleObject3.bin

image4.wmf
drops

N


oleObject4.bin

image5.wmf
()

11

()

drops

N

N

j

i

ji

dp

av

ros

g

RT

NTWM

SE

==

=

×××

åå


oleObject5.bin

image6.wmf
()

()

j

i

R

T


oleObject6.bin

image7.wmf
{1,2,,}

i

N

Î¼


oleObject7.bin

image8.wmf
{1,2,,}

drops

j

N

Î¼


oleObject8.bin

image9.wmf
{1,2,,}

drops

jN

Î¼


oleObject9.bin

image10.wmf
()()

()

jT

j

i

i

R

TW

r

=

×


oleObject10.bin

image11.wmf
drops

N

N

´


oleObject11.bin

image12.wmf
0

0.9,102 dBm

P

a

==-


oleObject12.bin

image13.wmf
0

0.7,102 dBm

P

a

==-


oleObject13.bin

image14.wmf
0

0.6, 75 dB

P

a

==-


oleObject14.bin

image15.wmf
0

0.8, 92 dB

P

a

==-


oleObject15.bin

image16.wmf
0

0.6, 70 dB

P

a

==-


oleObject16.bin

image17.wmf
0

0.8, 100 dB

P

a

==-


oleObject17.bin

image18.wmf
0

0.8, 70 dB

P

a

==-


oleObject18.bin

image19.wmf
0

0.7, 80 dB

P

a

==-


oleObject19.bin

image20.wmf
(

)

,(2,4)

PTRSPTRS

LK

=


oleObject20.bin

image21.wmf
(

)

,(2,4)

PTRSPTRS

LK

=


oleObject21.bin

image22.wmf
(

)

,,,,;,

ggpp

MNMNPMN


oleObject22.bin

image23.wmf
(

)

,

VH

dd

l

´


oleObject23.bin

oleObject24.bin

image24.wmf
(

)

,

VH

dd

l

´


oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

image1.wmf
N


oleObject1.bin

image2.wmf
M


