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Report ITU-R M.2412-0

@ [1]Guidelines for evaluation of radio interface technologies for IMT-2020

o [ A #t¥fconnection density ~ reliability ~ spectral efficiency -
mobility - FUETERTE ~ FF=UEGEARY 48 > AFEETH &t #fconnection
density - reliability ~ spectral efficiency{fif5EEAY /148 » A8 T fEZFAIAVIRAE »
sEEITU-R M.2412-0 -

=
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Connection density

@ Connection densityfVEF &y » 178 A R(EEEE 1] DUHELR
@ Two evaluation methods:

+ Non-full buffer connection density

+ Full-buffer connection density

@ LU TE#H¥ENon-full buffer connection density {7144

52439 mMTC Urban Macro | Uplink 1 000 000
Connection —mMTC

density

(devices/km?)

(4.8)

e 8272
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Non-Full Buffer Connection Density

Step 1: Set system user number per TRxP as N.
Step 2: Generate the user packet according to the traffic model.

Step 3: Run non-full buffer system-level simulation to obtain the packet
outage rate.

+ outage rate: the ratio of packets that failed to be delivered to the destination
receiver within a transmission delay of less than or equal to 10s to the total
number of packets generated in Step 2.

Step 4: Change the value of N and repeat Step 2-3 to obtain the system
user number per TRxP N’ satisfying the packet outage rate of 1%.

Step 5: Calculate connection density by equation C=N’/A
+ TRxP area A = ISD"2 x sqrt(3)/6
+ ISD is the inter-site distance.

@ Reference:

e 8272
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Reliability

@ Step 1: Run downlink or uplink full buffer system-level simulations using
the evaluation parameters of Urban Macro-URLLC test environment, and
collect overall statistics for downlink or uplink SINR values, and construct
CDF over these values.

@ Step 2: Run corresponding link-level simulations for either NLOS or LOS
channel conditions, to obtain success probability, which equals to (1-Pe),
where Pe is the residual packet error ratio within maximum delay time as
a function of SINR taking into account retransmission.

@ Step 3: The proposal fulfils the reliability requirement if at the 5th
percentile downlink or uplink SINR value and within the required delay,
the success probability derived in Step 2 is larger than or equal to the
required success probability. It is sufficient to fulfil the requirement in
either downlink or uplink, using either NLOS or LOS channel conditions.

e 8272
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Spectral efficiency

o DRI5GH 1y —HEBh b i by - FLER{TAOSEBL RS R 2E - B DUESSY
{EFRIEIMVE R - S5 A EEE AR spectral efficiency - (HEREAVEF(H
AR EEH

@ Spectral efficiency(bit/s/Hz) » BAEF-—FFEHEES | o ‘P EHZEESE
i 25 /D bit

o LU TN ¥RifESpectral efficiencyfE/ 44

1. Average spectral efficiency
2. Cell edge spectral efficiency

e 8272
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Average Spectral Efficiency

@ Average spectral efficiency is given by :

N Tro 1 N ro
TPRO(T) TSR RD (1)

Narop * T * W x M Ngpop *T *W x M

SEquvg =

Q Ri(j) (T) is the received bits by user i in J-th drop
@ M is the number of the TRP
@ W is the channel bandwidth, and T Is the time

ﬁ ANz &Y
National Chung Cheng University



Cell Edge Spectral efficiency

@ Cell edge spectral efficiency 5th percentile point of the
cumulative distribution function (CDF) of the
normalized user throughput.

Q ri(j) IS the spectral efficiency of user i indrop | :

()
o) _ R (@)
l Ti x* W
@ The lowest 51" percentile point of N * Ny, is the cell
edge spectral efficiency.
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Spectral EfficiencyaFELZERI]

o =% spectral efficiencyfVRZEZHFHRES » &4 © MCS table ~ K43 {[E#H]
Him TR, .. - g Eispectral efficiency » & F HY{r[HFEE S 722
spectral efficiency -

o At » fFBLEAM A SMNIEE Z A » DVECHER S SE S —E 0 A RetERLE
A SR N TR
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@ TR 37.910[2]fZ {7 B X A EIHISHEL

o LleMBB_SE %l - eMBB_SENA]
SYAHSS

TR 37.910(1/2)

TE R

*E T’)‘% O @%

connection density ~ mobility - reliability ~ user data rate’ s&zeMBB
spectral efficiency

1=

fEi5 e Ayspectral efficiency 2L K2

InH - eMBE
Technical cenfiguration e W Intel
NR FDD NR TDD NR FDD NR TDD
ultiple sccess CFDMA Aligned with reference Aligned with reference Aligned with reference Aligned with reference
Juplexing FDD TDD FDD TDD

Synchrenized

Alignad with reference

Aligned with reference

Aligned with refersnce

Aligned with reference

detwork syne

Up to 256 QAM

Aligned with reference

Aligned with reference

Aligned with reference

Aligned with reference

LDFC
~oding on PDSCH Max code-blook size=B448bit Aligned with reference Aligned with reference Aligned with reference Aligned with reference
[with BF decoding]

{umerology

15 kHz / 30 kHz,
14 OFDM symbaol slot

15 kHz 5C5,
14 OFDM symbol slot

15/30 kHz 5CS,
14 OFDM symbol slot

15 kHz SCS,
14 OFDM symbaol slot

15 kHz SCS,
14 OFDM symbaol slot

Suard band ratic on simulation

FDD: 8.4% (for 10 MHz bandwidth)

TOD: 8.2% (51 RB for 30kHz SCS and 20 MHz

Alignad with reference

Aligned with reference

Aligned with reference

Aligned with reference

>andwidth bandwidth)

TDD: 4.8% (108 BB for 15kHz SCS and 20 MHz
Simulation bandwdith :gg ;:; I;:“:ZZ 10 MHz 20 MHz 10 MHz 20 MHz
"rame structure FDD: Full downlink DDOSU FDD: Full downlink DsuuD

NESEGEE

Transmission scheme

closed SIVMU-MIMO sdaptation

closed SU/MU-MIMO adsptstion

closed SUMU-MIMO adaptation

closed SWMU-MIMO sdaptation

closed SWMU-MIMO sdaptation

DL CSl messurement

Mon-precoded CEI-RS based

Mon-precoded CEI-RS based

MNon-precoded CSI-RS based

Meon-precoded CSI-RS based

oL codebook

Type |l codebook;
4 beams, WB+SE amplitude
quantization, 8 FSK phase

Type Il codebook;
4 besms, WB+SB amplitude
quantization, 8 FSK phase

Type Il codebook;
4 beams, WE+SB smplitude
quantizstion, 8 FSK phase

Type Il codebaok;
4 beams, WB+SB amplitude
qusntizstion, 8 FSK phase

*RE bundling

4 PRBs

4 PRBs

4 PRBs

4 PRBs

U

Up to 12 layers

Up to 12 layers

Up to 12 layers

Up to 12 layers

35U dimensicn

For 4Rx Up to 4 layers

For 4Rx: Up to 4 layers

Foor 4R Up to 4 layers

Foor 4Rx: Up o 4 layers

“odewerd (CW)tc-layer mapping

FOT T~ TEy=TS, TV,

Alignad with reference

Aligned with reference

Aligned with refersnce

Aligned with reference

5HS transmission

Companies to Report

= Precoded or non-precoded SRS transmission;
= 3RS switch or not for 1T4R2T4RNTZR

- SRS bandwidth

- Mumber of OFDM symbols within 1 slot for SRS

transmission par UE

For UE 4 Tx ports: Non-precedsd
SRS, 4 SRS ports (with 4 SRS
resources|

2 symbels per 5 slots for 20kHz SCS;
4 symbals per 5 slots for 15kHz SCS;

>S5l feedback

PMI, CQI: every & slok RI: every §
slot;
Subband based

CQI: every 5 slot; Al every & slot,
CRI: every § siot
Subband based

PMI, Cal
Subband based

I: every 5 slat; RI: avery Sslot; |~

QI: every 5 slot; Rl: every 5 slat,
every 5 slot
Subbsand based

nterference measurement

SU-CQI; CSHM for inter-cell

e

SU-CQI; TSI-IM for inter-cell

e

SU-CQl; CSI-IM for inter-cell

o=

Yy . = ‘
Ay Z “ :
- Y
SU-CQl; CSI-IM for inter-cell

~BG

Alignad with reference

Aligned with reference

Aligned with refersnce

ce National Chung Cheng University

Aligned with reference

ACKINACK delay

» Revision comments

DL_Para_dGHz

UL_Para_4GHz

The next available UL slot

DL_Para_30GHz U

L_Para_30GHz

The next svsilable UL slot

DL_OH_Para

The next svailable UL slot

UL .. 4

The next svsilable UL slot
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InH eMBB 4GHz 12TRXP spectral efficiency

Antenna and TXRU Antenna config & Tx Fralma o } LT it
RIT J—— =cheme Mumsarology inbetue Req. Huswsi | Int=l Wedistek .Hahllw | CATT CoCOM | LGE NEC ITRI
FOD
gME: (M, NP Mg, MNg; TZd MU-MIMO Type 11 - Average - ’ . P e .
NR MpNp) = (4.42.1,1:44)  Codsbook 15 kHz 5C5 [bit/s/Hz/ TRxF) 2| 11.287 10827 11.120 2180 12525 11.450 8.208
5th percentile
[bit/siHz) 0.3 0.356 0.358 0.330 0.400 0.491 0.339 0.243
gME: (M, N, P Mg, Ng; 24 MU-MIMO Type | - Average .
NR  Mp.Np) = (4.4.2.1,1:44)  Codebook 15 kHz 3G [biti=iHz TR:F] & 11.500
Sth percentile
[bitisiHz) 0.3 0.210
gMB: (MNP Mg, Ng; Tded MU-MIMO c Average
NR Mp,Np) = {4,4,2,1,1;4,4} | ld=al C5| feedback 13 kHz 3C3 [bit/s/Hz/ TRF] s
5th percentile 0.3
[bit/=sHz] ’
oL R gME: (M, NP Mg, MNg; T2l MU-MIMO 15 kHz 508 Average 5
Spectrgl Mp.Np} = {4.4.2,1,1;4.4) Type || Codebook - [biti=s/Hz/ TR:xF]
efficienfy Sth percentile 0a
[bit/s/Hz] ’

\

SRGELE

Requirement
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PE#E(Calibration)dy

~

B

o MAEZMNIRFFEMEMRY EEMIE Y — > 7 7 /R AE ~ MrEaVEdE - &
A > FfPTA] DAARERY R SUBEIVES FOE & AT 5E - AR A EOARENEY -
L2 75 (I (R AR S IR IR AT B TR - DA SRR SR AR »
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ﬁ%*ﬁ;_\% A KE[

R ~ AF  AEfEETEEREE)RI - MCS ~ PMIRYSRESA[E] » Fr DA
HiHyspectral efficiencyt @& &R~ [E] - #F = LLspectral efficiencyE s
REVIPE -

B PR Hcoupling gainll 5 DL geometry s ZEf TR 4E
AERRFP

1 SRS SEE—E

2. fE#EEH coupling gainl/A 5z DL geometryilfi{fE 5l|#|H CDF[&|

3. BARZIMIRE ~ N EMRELEL

Coupling gain(or coupling loss): BSiigHtransmit powerEiUEg i receive
powerZ 7= {H

DL geometry: Pre-processing UE DL SINR

e 8272
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@ RP-180524[3]A#1%fCoupling gainl 5z DL geometryflif 4

o HEHEG R NHSEEL

31 01.IndoorHotspot-eMBB_CouplingGain_and_DlLgeometry w18
i 02.DenseUrban-eMBB_CouplingGain_and_DLgeometry_v22

§ 03 Rural-eMBE_CouplingGain_and_DLgeometry_va4

3 0d. UrbanhMacro-mMTC_CouplingGain_and_DLgeometry_v19
3 05.UrbanMacro-URLLC_CouplingGain_and_DLgeometry_v20

elements per
TRxP

0.5)A

+45°, -45° polarization

0.5)A

+45°, -45° polarization

=
Indoor
Hotspot - Config. A Config. B Config. C

eMBB
Carrier
frequency for 4 GHz 30GHz 70GHz
evaluation
BS antenna 3m am am
height
Total transmit | Baseline: 21 dBm for 10MHz | g o106 20 dBm for 40 MHz | Baseline: 18 dBm for 40 MHz
power per bandwdith ; ;

bandwidth bandwidth
TRxP
UE power 23 dBm 23 dBm 21 dBm
class
'dr!ter's"tE 20m 20m 20m
istance
Number of 32Tx/Rx, (M,N,P,Mg,Ng) = 64 Tx/Rx, (M,N,P,Mg,Ng) = 256Tx/Rx, (M,N,P,Mg,Ng) =
(4,4,2,1,1), (dH,dV) = (0.5, (4,8,2,1,1), (dH,dV) = (0.5, (8,16,2,1,1), (dH,dV) = (0.5,

antenna 0.5)A

+45°, -45° polarization

Number of 32TXRU, (Mp,Np,P,Mg,Ng) = 8TXRU, (Mp,Np,P,Mg,Ng) 8TXRU,
TXRU per (4.4,2,1,1) 222211 (Mp.Np.PMg.Ng)=(2,2.2.1.1)
TRXP (1_t°_1 mapplng) 1=y 1y ) LR ) 1 Pt il N ]

a e ais e 32Tx/Rx, (MN,PMg,Ng) =

4Tx/Rx, (M,N,P,Mg,Ng) = T ’D 5)}\, - (2,4 ,2,1,2), (dH,dV) = (0.5, 0.5)A
Number of UE (1,2,2,1,1), (dH,dV) = (0.5, ;
antenna N/A)A _ (dg,V,dg,H) = (0, O)A.
(dg,V,dg,H) = (0, 0)A. 00 - :
elements . o ®mg.ng=90: 00,1=00,0+180: ©mg,ng=90; Q0,1=00,0+180;
0°,90° polarization
0°,90° polarization 07,90” polarization

Number of 4TXRU, ((':"';*';ﬁﬁ”;\“g"\'g) - 4TXRU, 4TXRU,
TXRU per UE (1-to-1 mapping) (Mp,Np,PMg,Ng)=(1,1,2,1,2) (Mp,Np,PMg,Ng)=(1,1,2,1,2)
Device 100% indoor 100% indoor 100% indoor
deployment Randomly and uniformly Randomly and uniformly Randomly and uniformly

distributed over the area

distributed over the area

distributed over the area
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@ InH_4GHz_ 36TRxP_ModelA

C.D.F. [%]

-100.00

-80.00 -60.00 -40.00
Coupling gain (dB)

100
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80
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—CATT
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——CATR

—Intel

—LGE

—Nokia

~——Ericsson

70

250

40

30

20

-15.00

-10.00

-5.00 0.00 5.00
DL geometry (dB)

10.00
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Samsung
ITRI
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METIS Simulation Guidelines[4]
@ METISTE I Y 14AF¢HELTERY3fEcasefficalibration » 437l & -

+ Calibration case 1 - LTE with basic deployment
+ Calibration case 2 - LTE-Advanced with basic deployment
+ Calibration case 3 - LTE-Advanced with ultra-dense deployment
o TELhikfiE A casestE Ecase » HRHLAZK —(HSZHHERE » HighavEs
R
+ Cell-spectral efficiency
+ Cell-edge user spectral efficiency
+ Cumulative distribution function of the normalized user throughput
+ Cumulative distribution function of the SINR
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Calibration case 1 - LTE with basic deployment

o KIS

Table 3.1: Simulated cases for calibration case 1

Case Carrier ISD Tilt Bandwidth
[CHz] [m] [ [MHz]
Urban micro-cell )
scenario 25 200 12 FDD:10+10

Table 3.2: Other simulation assumptions for calibration case 1

Issue Assumption Additional Information
MIMO 1x2 Receiver diversity
Scheduling Round Robin
Cell selection 1 dB HO margin
Traffic Model Full Buffer
Interference Model Explicit
CSl feedback Realistic 5 ms period (5 RBs)
Follow standard
SINR estimation Perfect
Feeder loss 2 dB
Duplex FDD
Links DL
L2S Modelling MIESM
Control overhead 3 OFDM symbols
Receiver Type MMSE

22
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Calibration case 1 - LTE with basic deployment

o THEHER

100 100 -
90 90
80 80
70 I 4 1 70
60 i g 1 60
= =
= 50 = 50
w w
O 40 o 40
(3] ($)
30 30 1—
20 20
10 / 10
0 1 0 |
-20 -10 0 10 20 30 40 0,0 02 0.4 0,6 0,8 1,0
SINR [dB] Normalized user throughput [bps/Hz]

Figure 3.2: SINR and normalized user throughput distribution for calibration case 1

Table 3.3: Results obtained for the calibration case 1

Parameter UPVLC E/ll NSN ALUD Nokia Average

Cell spectral efficiency | 4 54977 | 14735 | 11744 | 1.1861 119525 1187
[bps/Hz/cell]

Cell edge user spectral

. 0.0267 0.0231 0.0267 0.0232 0.0151 0.023
efficiency [bps/Hz]
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Calibration case 2 - LTE-Advanced with basic deployment

o KIS

Table 3.4: Simulated cases for calibration case 2

Case Carrier ISD Tilt Bandwidth
[CHZ] [m] [°] [MHz]
Urban micro-cell _
scenario 2.5 200 12 FDD:10+10

Table 3.5: Other simulation assumptions for calibration case 2

Issue Assumption Additional Information
MIMO 4x2 SU-MIMO scheme
Scheduling Proportional Fair | 5 users per subframe (at most)

Priority to retransmissions
Weight factor = 0.001

Cell selection

1 dB HO margin

Traffic Model Full Buffer Other traffic models in a
second round
Interference Model Explicit
CSl feedback Realistic 5 ms period (5 RBs)
SINR estimation Perfect with error = lognormal 1 dB std
synthetic error
Feeder loss 2dB
Duplex FDD
Links DL
L2S Modelling MIESM
Control overhead 3 OFDM symbols
Receiver Type MMSE With intercell interference

suppression capabilities

B2 IR

National Chung Cheng University



100 4

90
a0
70
60
50

40

C.D.F. [%]

30
20

Calibration case 2 - LTE-Advanced with basic deployment

o THEHER

10 20
SINR [dB]
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0,6

0.8 1.0

Figure 3.3: SINR and normalized user throughput distribution for calibration case 2

Table 3.6: Results obtained in the calibration process

Parameter UPVLC E/ll Nokia DCM ALUD Average
Cell spectral efficiency 18458 | 18762 | 1.0469 | 1.9305 1712 1.8623
[bps/Hz/cell]
Cell edge user spectral 0.0618 0.0446 | 00426 | 00424 | 00392 | 0.0461
efficiency [bps/Hz]
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