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1.	Introduction
The revised study item on New Radio Access Technology was approved at TSG RAN#72 [1]. The objectives of this study item include identifying relevant RF parameters to be used for sharing and co-existence studies. Also a LS was received at TSG RAN#72 [2] from ITU-R WP5D asking for characteristics of terrestrial IMT systems for frequency sharing/interference analysis in 24.25 - 86 GHz. ITU-R WP5D sent another LS on “Updated characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz” in [3]. On the other hand, a LS has been sent from ITU-R WP5D to 3GPP describing detailed modelling and simulation of IMT networks for use in sharing and compatibility studies [4]. This topic has been discussed at previous RAN4 meetings, and the way forwards on simulation assumptions were approved in RAN4#80 [5-7]. It is stated in [5] that the SINR_MIN and SINR_MAX parameters in the scaled Shannon's formula in TR36.942 [8] will be further discussed in RAN4#80bis meeting.
This contribution provides the simulation results using the agreed assumptions, and proposes the DL SINR_MIN and SINR_MAX parameters for the coexistence study for WP5D in order to facilitate the calibration process and final output of the study.

2.	Discussion
[bookmark: _Toc336211415]The following equations approximate the throughputs over a channel with a given SNR are given in TR36.942 [8], when using link adaptation: 

		
Where:	S(SNIR) is the Shannon bound: 	S(SNIR) = log2(1+SNIR)  bps/Hz
			Attenuation factor, representing implementation losses
SNRMIN  	Minimum SNIR of the codeset, dB
ThrMAX 		Maximum throughput of the codeset, bps/Hz
SNIRMAX  	SNIR at which max throughput is reached S-1(ThrMAX), dB
The parameters α, SNRMIN and THRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in Table A.1 represent a baseline case, which assumes: 
- 1:2 antenna configurations
- Typical Urban fast fading channel model (10kmph DL, 3kmph UL) 
- Link Adaptation (see table 1 for details of highest and lowest rate codes)
- Channel prediction
- HARQ

Table A.1 Parameters describing baseline Link Level performance for E-UTRA Co-existence simulations
	Parameter
	DL
	UL
	Notes

	α, attenuation 
	0.6
	0.4
	Represents implementation losses

	SNIRMIN, dB
	-10
	-10
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL)

	ThruMAX, bps/Hz
	4.4
	2.0
	Based on 64QAM 4/5 (DL) & 16QAM 3/4 (UL)



Table A.1 shows parameters proposed for the baseline E-UTRA DL and UL. Table A.2 shows the resulting look up table, which is plotted in Figure A.1. Table A.2 gives throughput in terms of spectral efficiency (bps per Hz), and per 375kHz Resource Block (RB), in kbps.
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Figure A.1 Throughput vs SNR for Baseline E-UTRA Coexistence Studies
Table A.2 Look-Up-Table of UL and DL Throughput vs. SNIR for Baseline E-UTRA Coexistence Studies
	 
	Throughput
	
	 
	Throughput

	SNIR
	bps/Hz
	kbps per 375kHz RB
	
	SNIR
	bps/Hz
	kbps per 375kHz RB

	dB
	DL
	UL
	DL
	UL
	
	dB
	DL
	UL
	DL
	UL

	-15
	0
	0
	0
	0
	 
	6
	1.39
	0.93
	521
	347

	-14
	0
	0
	0
	0
	 
	7
	1.55
	1.04
	582
	388

	-13
	0
	0
	0
	0
	 
	8
	1.72
	1.15
	646
	430

	-12
	0
	0
	0
	0
	 
	9
	1.90
	1.26
	711
	474

	-11
	0
	0
	0
	0
	 
	10
	2.08
	1.38
	778
	519

	-10
	0.08
	0.06
	31
	21
	 
	11
	2.26
	1.51
	847
	565

	-9
	0.10
	0.07
	38
	26
	 
	12
	2.44
	1.63
	917
	611

	-8
	0.13
	0.08
	48
	32
	 
	13
	2.63
	1.76
	988
	658

	-7
	0.16
	0.10
	59
	39
	 
	14
	2.82
	1.88
	1059
	706

	-6
	0.19
	0.13
	73
	48
	 
	15
	3.02
	2.00
	1131
	750

	-5
	0.24
	0.16
	89
	59
	 
	16
	3.21
	2.00
	1204
	750

	-4
	0.29
	0.19
	109
	73
	 
	17
	3.41
	2.00
	1277
	750

	-3
	0.35
	0.23
	132
	88
	 
	18
	3.60
	2.00
	1350
	750

	-2
	0.42
	0.28
	159
	106
	 
	19
	3.80
	2.00
	1424
	750

	-1
	0.51
	0.34
	190
	127
	 
	20
	3.99
	2.00
	1498
	750

	0
	0.60
	0.40
	225
	150
	 
	21
	4.19
	2.00
	1572
	750

	1
	0.71
	0.47
	265
	176
	 
	22
	4.39
	2.00
	1646
	750

	2
	0.82
	0.55
	308
	206
	 
	23
	4.40
	2.00
	1650
	750

	3
	0.95
	0.63
	356
	237
	
	24
	4.40
	2.00
	1650
	750

	4
	1.09
	0.72
	408
	272
	
	25
	4.40
	2.00
	1650
	750

	5
	1.23
	0.82
	463
	309
	
	
	
	
	
	



To investigate the effects of the SINR_MIN and SINR_MAX parameters, simulation runs have been performed for the urban macro scenario with the approved assumptions [5-7]. The simulation results on the DL SINR of the victim UE for both coordinated operation and uncoordinated operations are shown in Figure 1 below. Note that 45 dB BS ACLR and 33 dB UE ACS are assumed in the simulation.
[image: ]
(a) Coordinated operation
[image: ]
(b) Uncoordinated operation
Figure 1: DL SINR of victim UE and (serving and interfering) BS

It can be seen in Figure 1 that the DL SINR profiles in the coordinated and uncoordinated operations are almost identical. More importantly, it can be seen that in both cases, there are more than 10% of the UE with lower than -15 dB DL SINR and more than 20% of the UE with higher than 25 dB DL SINR.
On the lower DL SINR region, the results in Figure 1 show that if SNRMIN is continued to be -10 dB as shown in Table A.1, then the 5%-tile throughput of the victim system will be zero even without the interfering system, and thus the throughput degradation due to the interfering system as 5%-tile cannot be shown by the simulation results. To solve this issue, the SNRMIN needs to be lower. Note that the lowest simulated value for eMTC UE PDSCH demodulation requirements is about -20 dB [9]. Hence it is proposed to adopt -20 dB as SNRMIN for NR DL coexistence study.
On the higher DL SINR region, the results in Figure 1 show that if THRMAX is continued to be 4.4 bps/Hz (at the SNIRMAX of 23 dB) as shown in Table A.1, then the throughput for more than 20% of the victim UE is bounded by the THRMAX, and thus the throughput degradation due to the interfering system at the higher DL SINR also cannot be shown by the simulation results. To solve this issue, the THRMAX and corresponding SNIRMAX need to be raised. Note that the results in Figure 1 show that highest DL SINR is about 60 dB. Applying 60 dB SINR into the formula .S(SNIR) will result in a throughput of (0.6*log2(1+10^(60/10))) ~ 12 bps/Hz. On the other hand, 1024 QAM (which has a spectral efficiency of 10 bps/Hz) is being proposed for NR [10]. Hence it is proposed to adopt 10 bps/Hz as THRMAX with the corresponding SNIRMAX of (10*log(2^(10/0.6)-1)) ~ 50 dB for NR DL coexistence study.
The proposed parameters are summarized in Table 1 below:
Table 1: Parameters describing baseline Link Level performance for NR Co-existence simulations
	Parameter
	DL
	UL
	Notes

	α, attenuation 
	0.6
	TBD
	Represents implementation losses

	SNIRMIN, dB
	-20
	TBD
	Based on QPSK, 1/10 rate (DL) & TBD (UL)

	ThruMAX, bps/Hz
	10
	TBD
	Based on 1024QAM 1 rate (DL) & TBD (UL)



3.	Conclusion and proposal
The simulation results in this contribution have shown that the parameters DL SNRMIN and THRMAX in the throughput approximation equations for NR coexistence study need to be changed (compared to the ones used for E-UTRA coexistence simulations) in order to show the throughput degradation due to the interfering system by the simulation results. Hence it is proposed to adopt the parameters summarized in Table 2 below for the coexistence study for WP5D:
Table 2: Parameters describing baseline Link Level performance for NR Co-existence simulations
	Parameter
	DL
	UL
	Notes

	α, attenuation 
	0.6
	TBD
	Represents implementation losses

	SNIRMIN, dB
	-20
	TBD
	Based on QPSK, 1/10 rate (DL) & TBD (UL)

	ThruMAX, bps/Hz
	10
	TBD
	Based on 1024QAM 1 rate (DL) & TBD (UL)



References
[1]	RP-161214, “Revision of SI: Study on New Radio Access Technology”, NTT DOCOMO, INC.
[2]	RP-160508, “LS on Characteristics of terrestrial IMT systems for frequency sharing/interf. analysis in 24.25 - 86 GHz”, ITU-R WP5D.
[3]	R4-165140, Updated characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz, ITU-R WP5D
[4]	R4-165141, “Modelling and simulation of IMT networks for use in sharing and compatibility studies”, ITU-R WP5D.
[5]	R4-167079, “WF on Simulation assumptions of Co-existence study for WP5D”, NTT DOCOMO, INC.
[6]	R4-167078, “Way forward on BS Beamforming Model for the ITU WP5D coexistence simulations”, Huawei, HiSilicon.
[7]	R4-167123, “Way forward on UE Beamforming Model for the ITU WP5D coexistence simulations”, Qualcomm.
[8]	3GPP TR 36.942 v13.0.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”.
[9]	R4-165505, “Simulation summary of eMTC UE demodulation requirements”, Ericsson.
[10]	R1-167278, “Digital Modulation for 5G New Radio”, Nokia, Alcatel-Lucent Shanghai Bell.

1

image2.emf
0

1

2

3

4

5

-15 -10 -5 0 5 10 15 20 25

SNIR, dB

Throughput, bps/Hz

Shannon

DL

UL


image3.emf
-40 -30 -20 -10 0 10 20 30 40 50 60

DL SINR of victim UE (dB)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

Without Interfering BS

With Interfering BS


image4.emf
-40 -20 0 20 40 60 80

DL SINR of victim UE (dB)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

Without Interfering BS

With Interfering BS


image1.wmf
MAX

MAX

MAX

min

MIN

SNIR

 

SNIR

for 

  

          

Thr

Thr

SNIR

SNIR

 

 

SNIR

for 

      

α.S(SNIR)

Thr

SNIR

 

SNIR

for 

 

          

          

0

Thr

/

,

 

,

>

=

<

<

=

<

=

=

Hz

bps

Thr

Throughput


oleObject1.bin

