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1	Introduction
This contribution provides co-existence simulation results for NR V2X services in Rel-16. 

************* Start of the TP in subcluase 2 of TR 38.886 ***************
[bookmark: _Toc20818203]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 30.007: "Guideline on WI/SI for new Operating Bands".
[3]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[4]	3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone".
[5]	3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios".
[5]	3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios".
[6]	R4-1910400, “TP on adjacent channel co-existence scenarios and parameters for NR V2X service on FR1”
<End of Changed>
[bookmark: _GoBack]************* Start of the TP in subcluase 5 of TR 38.886 ***************
[bookmark: _Toc20818230]5.3	Coexistence simulation results
[bookmark: _Toc20818231]5.3.1	Coexistence simulation results in ITS spectrum
5.3.1.1 Huawei simulation results for Case1, Case2, Case3 and Case 4
[bookmark: OLE_LINK48]According to detail assumptions TP [6] proposed in reflector, we can obtain the simulation results which are shown as figure 5.3.1.1-1 ~ figure 5.3.1.1-4 for case1. 
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Figure 5.3.1.1‑1. coexistence simulation results for case1 (15kmph 190Bytes)
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Figure 5.3.1.1‑2. coexistence simulation results for case1 (15kmph 300Bytes)
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Figure 5.3.1.1‑3. coexistence simulation results for case1 (60kmph 190Bytes)
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Figure 5.3.1.1‑4. coexistence simulation results for case1 (60kmph 300Bytes)

According to detail assumptions TP [6] proposed in reflector, we can obtain the simulation results which are shown as figure 5.3.1.1-5 ~ figure 5.3.1.1-8 for case3.
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Figure 5.3.1.1‑5. coexistence simulation results for case3 (15kmph 190Bytes)
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Figure 5.3.1.1‑6. coexistence simulation results for case3 (15kmph 300Bytes)
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Figure 5.3.1.1‑7. coexistence simulation results for case3 (60kmph 190Bytes)
[image: ]
Figure 5.3.1.1‑8. coexistence simulation results for case3 (60kmph 300Bytes)

According to detail assumptions TP [6] proposed in reflector, we can obtain the simulation results which are shown as figure 5.3.1.1‑9 ~ figure 5.3.1.1‑10 for case2 and case4.
[image: ]
Figure 5.3.1.1‑9. coexistence simulation results for case2 and case4 (15kmph 1100Bytes)
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Figure 5.3.1.1‑10. coexistence simulation results for case2 and case4 (60kmph 1100Bytes)
The PRR loss for case1, case2, case3 and case4 are summarized in table 5.3.1.2‑1 ~ Table 5.3.1.2‑6. Then, the results of DSRC to DSRC, LTE V2X to LTE V2X and NR V2V to NR V2V are listed as references.
Table 5.3.1.2‑1. PRR loss for case1
	PRR loss
	[bookmark: _Hlk13492320]At 50m range for 15km/h
	At 150m range for 60km/h

	[bookmark: _Hlk13492363]
	[bookmark: _Hlk13492351]NR V2V to DSRC V2V
	DSRC V2V to DSRC V2V
	NR V2V to DSRC V2V
	DSRC V2V to DSRC V2V

	190Byte
	1.1%
	1.1%
	2.7%
	3.9%

	300Byte
	1.2%
	2%
	2.8%
	4%



Table 5.3.1.2‑2. PRR loss for case2
	PRR loss
	At 50m range for 15km/h
	At 150m range for 60km/h

	
	NR V2V to NR V2V
	DSRC to NR V2V
	NR V2V to NR V2V
	DSRC to NR V2V

	1100Byte
	0.8%
	1.1%
	1.7%
	2.2%



Table 5.3.1.2‑3. PRR loss for case3
	PRR loss
	At 50m range for 15km/h
	At 150m range for 60km/h

	
	NR V2V to LTE V2V
	LTE V2V to LTE V2V
	NR V2V to LTE V2V
	LTE V2V to LTE V2V

	190Byte
	0.7%
	0.3%
	2.2%
	2.5%

	300Byte
	0.7%
	0.8%
	2.9%
	2.6%



Table 5.3.1.2‑4. PRR loss for case4
	PRR loss
	At 50m range for 15km/h
	At 150m range for 60km/h

	
	NR V2V to NR V2V
	LTE V2V to NR V2V
	NR V2V to NR V2V
	LTE V2V to NR V2V

	1100Byte
	0.8%
	1.0%
	1.7%
	2.0%



Based on NR V2X co-existence simulation results for case1 and case3, the following observations are made:
· For both PRR loss at 50m range for 15km/h and at 150m range for 60km/h, NR V2X UE makes acceptable interference to DSRC victim and LTE V2X UE victim for ITS spectrum.
· For both PRR loss at 50m range for 15km/h and at 150m range for 60km/h, DSRC / LTE V2X UE makes acceptable interference to NR V2X UE victim for ITS spectrum.
· All the PRR loss is less than 5%.
Observation 1: NR V2X UE can co-existence well with DSRC system and LTE V2X system for ITS spectrum with NR ACLR requirement which is 30dBc for power class 3.
Observation 2: NR V2X UE can co-existence well with DSRC system and LTE V2X system for ITS spectrum with NR ACS requirement which is 24dB @BW=40MHz for power class 3.

5.3.1.2 LG simulation results for Case1, Case2, Case3 and Case 4
In Figure 5.3.1.2‑1 ~ Figure 5.3.1.2‑4, we present our simulation results for Case 1, Case 2, Case 3, and Case 4, respectively.
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Figure 5.3.1.2‑1. Coexistence simulation results of Case 1 for 15km/h and 60km/h
(w/ 190 bytes and 300 bytes payload)
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Figure 5.3.1.2‑2. Coexistence simulation results of Case 2 for 15km/h and 60km/h (w/ 1100 bytes payload)
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Figure 5.3.1.2‑3. Coexistence simulation results of Case 3 for 15km/h and 60km/h
(w/ 190 bytes and 300 bytes payload)

[image: ][image: ]
Figure 5.3.1.2‑4. Coexistence simulation results of Case 4 for 15km/h and 60km/h (w/ 1100 bytes payload)


From all simulation results, we can observe there is no significant impact in terms of PRR performance when NR V2X system is deployed on adjacent channel.
Observation: No significant impact in terms of PRR performance are shown for Case 1, Case2, Case 3, and Case 4.
Also in Table 5.3.1.2‑1, we present PRR loss for ITE band coexistence scenario for given summarized numeric PRR loss

Table 5.3.1.2‑1. Summary of PRR loss for ITS band coexistence scenario
	Scenario
	Payload (byte)
	50m range for 15km/h
	150m range for 60km/h

	Case 1
	190
	0.58 %
	1.53 %

	
	300
	0.86 %
	1.82 %

	Case 2
	1100
	0.56 %
	1.41 %

	Case 3
	190
	0.10 %
	0.11 %

	
	300
	0.10 %
	0.93 %

	Case 4
	1100
	0.63 %
	0.47 %



Although some simulation assumption including SINR-PRR mapping table need to be updated, we think that similar conclusion will be expected considering coexistence impact is based on relative performance degradation due to adjacent channel interference from aggressor system.

5.3.1.3 Qualcomm simulation results for Case3
In figure 5.3.1.3‑1 is the performance of NR V2X Packet Reception Loss, while figure 2 is the performance of LTE V2X. We can see that under the simulation assumptions above, the degradation coming from adjacent channel aggressor is quite acceptable to both systems.

[image: ]
Figure 5.3.1.3‑1. LTE V2X Performance

In figure 3.1, we compare the PRR performance of LTE V2X under 4 different scenarios. 
1. Single system: only LTE V2X operates in a 20MHz channel.
2. NR V2X aggressor, X = 0: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 30dB in first step and 43 dB in the second step.
3. NR V2X aggressor, X = 3: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 33dB in first step and 46 dB in the second step.
4. NR V2X aggressor, X = 6: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 36dB in first step and 49 dB in the second step.
Based on the result, our initial assessment this that the performance degradation inflicted to LTE V2X system is negligible, even without any tightening to the existing NR Uu ACLR requirement. Of course, this result need to be re-evaluated in accordance to the newly agreed simulation assumption.

5.3.2	Coexistence simulation results in licensed spectrum for FR1
5.3.2.1 Huawei simulation results for Case5 and Case 6
According to detail assumptions TP [6] proposed, we can obtain the simulation results without power control which are shown as figure 5.3.2.1‑1 ~ figure 5.3.2.1‑3 for case5 and case6 without power control. 
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Figure 5.3.2.1‑1. CDF of SINR for case5 without power control (60kmph 1100Bytes)
[image: ]
Figure 5.3.2.1‑2. CDF of Through for case5 without power control (60kmph 1100Bytes)
[image: ]
Figure 5.3.2.1‑3. coexistence simulation results for case6 without power control (60kmph 1100Bytes)

According to detail assumptions TP [6] proposed, we can obtain the simulation results with power control which are shown as figure 5.3.2.1‑4 ~ figure 5.3.2.1‑6 for case5 and case6.
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Figure 5.3.2.1‑4. CDF of SINR for case5 with power control (60kmph 1100Bytes)
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Figure 5.3.2.1‑5. CDF of through for case5 with power control (60kmph 1100Bytes)
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Figure 5.3.2.1‑6. coexistence simulation results for case6 with power control (60kmph 1100Bytes)

Based on simulation results, the throughput loss for case5 are summarized in table 5.3.2.1-1. The PRR loss for case6 are summarized in table 5.3.2.1-2. 
Table 5.3.2.1-1. Throughput loss for case5
	Throughput loss
	5% tile

	
	without power control
	with power control

	
	9%
	little performance loss



Table 5.3.2.1-2. PRR loss for case6
	PRR loss (1100Byte)
	At 150m range for 60km/h

	
	without power control
	with power control

	
	1.8%
	9.5%



Based on NR V2X co-existence simulation results for case5 and case6, the following observations are made:
· [bookmark: OLE_LINK5]With power control PRR loss at 150m range for 60km/h exceeds 5%, so the performance loss can’t be accepted for NR V2X UE. But it is observed that there is very little performance loss for NR BS in this scenario.
· Without power control the throughput loss at 5%-tile for 60km/h exceeds 5%, so the performance loss can’t be accepted for NR BS. But it is observed that there is only 1.8% PRR loss for NR V2X UE in this scenario.
Observation 1: Based on the simulation results in this paper, the co-existence criteria (<5% performance loss) is not met in some scenarios which include power control or no power control.
· If there is no power control scheme, throughput degradation is unacceptable for victim NR BS. 
· The power control can mitigate the interference from NR V2X UE to NR BS, but NR V2X system performance becomes worse and unacceptable based on PRR loss. 
Observation 2: Case5 is coupled with Case 6. It’s very hard to find a balance point between NR BS performance and NR V2X UE performance, so further study and discussion is needed in RAN4.

5.3.2.2 LG simulation results for Case5 and Case 6
For coexistence scenario in license bands, we evaluate simulation results for Case 5, 6, based on agreed Coexistence simulation assumption [6]. For power control in NR V2X, we didn’t use any power control scheme at this stage.
For Case 5, we present our simulation results in terms of 5%-tile T-put loss in Table 5.3.2.2-1.
Table 5.3.2.2-1. 5%-tile throughput loss of NR Uu BS in Case 5
	　
	15km/h
	60km/h

	5%-tile T-put loss
	20.55%
	7.99%



From simulation results, we can see that there exist reasonable impact on uplink performance of NR Uu BS if NR V2X UE w/o power control exist in adjacent frequency.
Observation 1. When NR V2X UE w/o power control scheme exist as aggressor in case 5, reasonable T-put loss in NR uplink was observed.
For Case 6, we present our simulation results in Figure 5.3.2.2-1 in terms of average packet reception ratio for both 15km/h and 60km/h. Also, we present PRR loss of Case 6 due to NR Uu UE as aggressor in Table 5.3.2.2-2.
[image: ][image: ]
Figure 5.3.2.2-1. Average PRR of NR V2X UE in Case 6

Table 5.3.2.2-2. PRR loss of NR V2X UE in Case 6
	　
	@50m range for 15km/h
	@150m range for 60km/h

	PRR Loss (1100 byts)
	0.74 %
	1.65 %



From simulation results, we can see that there is no reasonable performance impact on NR V2X UE, even if NR Uu exist in adjacent frequency. 
Observation 2. When NR Uu UE exist as aggressor in case 6, no reasonable PRR loss in NR V2X UE was observed.

5.4	Conclusion of V2V coexistence evaluations
The PC5-based NR V2X UE coexistence evaluations are performed at 3.5GHz/5.9GHz operating frequency range in Rel-16 NR V2X WI. The adjacent coexistence simulation results are captured in sub-clause 5.3. Based on the evaluation results, 
1.	For coexistence in ITS spectrum of n47(Case1, Case2, Case3 and Case4), following observations are made:
· Based on the simulation results, NR V2X can coexist with LTE V2X or DSRC in ITS spectrum of n47.
2.	For coexistence in license spectrum for FR1(Case 5, and Case 6), following observations are made:
· Based on the simulation results, there is no evidence that NR V2X can coexist with NR Uu in licensed spectrum without power control for FR1.
· If there is no power control scheme in NR V2X, throughput degradation is unacceptable for victim NR BS. 
3.	For coexistence in licensed spectrum for FR2(Case 9 and Case 10), no simulation result was submitted.
Based on the above analysis, the PC5-based NR V2X service will be within acceptable operating limits for adjacent channel coexistence scenarios in ITS spectrum of n47. 
<End of Changed>
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Urban 60km/h

S

1 1
1 1
/AR R ——
i i
SR RS S —
i 1
1 1
P I R
i i
SR RS S —
i 1
1
[ —
Z 5|
2 |
5 210
&8l L
A
o !
Sl
R
o |
1
W M -t
B B
2 2|1
5 OB
B B |
o o1
& &1
= |
[STE ST R
g %
a Al
Vel
1
i
IR
i
H H
a ® & 9 v ¥ o a9 = 9
S 8 8 & &8 S 8 oS o© 3

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image14.png
Urban 60km/h

;..--‘...ﬂ.--ﬂ....
Lo
I
] ]
AR S SR SR
R
Lo
R S R —
| ]
AR S SR SR
R
— ]
|
|
g &
o X !
S
2 2
E B
R BEEEE
£ £l
g=l g=l 1
(=3 (=3 1T
s g
< <o '
SRS |.q|||.
g &
A At
Vool
|
]
!
; :
Q@ ® o9 v % m o =9
2 5 s § 5 3 ¢ g8 S o3

oney uondaday 19xded ISeray

100 110 120 130 140 150

50 60 70 8 90

30 40

20

10

Distance (m)





image15.png
Urban 15km/h

B S A
' '
' I
RS S e
' '
' '
RS T
I '
' '
T U SO SR [ TP,
1 I
' '
' I
[
| '
'
L
T
'
gl
[
o |
L
I
9 '
4 '
A |-r---
a '
S|
|3 S —
~
o
=l
DO f-r---
o |
S|
[
o[
1R
A
o |
I
ze
'
i
I
'
' ' ' ' ' ' ' '
L L L L L L L H H L
o % ) " < o« — o
S S S S S S S IS} S S

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image16.png
Urban 60km/h

i i
I I
JEUR SRR S [ IR
i i
I I
I I
R (R S
\ i
I I
(Y SRR S RPN EPUP SUP [ IR
i i
I I
| I
S T -
\ i
. I
L
i
I
5| !
2 -r---
[
8|
oo | o
i
&) '
& '
|73 iy
Al
210
[ R
h
|
i
=
S|
i S EpE—
< !
I
M '
I
=4 '
|
Bl
I
I
IR
|
I I I I I I I I
L h h h h h h A H h
) el o hed bl - « a = =
s 3 8 8 &S S S S S 3

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 8 90

10

Distance (m)





image17.png
Urban 15km/h

...+........ T...
1 i
i i
/RN R N R R N . | I
T | ;
] ] i
1 | 1
) S
1 | T
i i i
TR
mnu. ]
g 2| |
g g-r---
on g 1
& @l
" e
S
£ ol
o Zli.
ERE
T Tl
B B
S ol L
2
= =
oo
[ I
o5
53]
B OBt
) |
i
A
! ! !
6 ® & 9 v % o o =
5] =] S =] o =] o o S

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image18.png
Urban 15km/h

—C—LTE V2X (300 byte) w/o NR V2X aggressor
—O—-LTE V2X (300 byte) w/ NR V2X aggressor

oney uondaday 19xded ISeray

0.2

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image19.png
Urban 60km/h

—O—LTE V2X (190 byte) w/o NR V2X aggressor
—O—LTE V2X (190 byte) w/ NR V2X aggressor

S

]
=)

*
S

o 9 =
S S S

0.2

e
=1

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image20.png
Urban 60km/h

—O—LTE V2X (300 byte) w/o NR V2X aggressor
—O—LTE V2X (300 byte) w/ NR V2X aggressor

T

'

S

]
=)

*
S

0.2

o 9 =
S S S

e
=1

oney uondaday 19xded ISeray

100 110 120 130 140 150

50 60 70 8 90

30 40

20

10

Distance (m)





image21.png
Urban 15km/h

l

'

'
R

I

'

'

'
e

'

'

'

—O—NR V2X (1100 byte) w/o LTE V2X aggressor

—O—NR V2X (1100 byte) w/ LTE V2X aggressor
T
'
'
'

*
S

0.2

o 9 =
S S S

e
=1

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 80 90

10

Distance (m)





image22.png
Urban 60km/h

R SRR e PR e
I I
JE T P [ B
i i
I I
RO ——
| |
I I
Aol __i___J [ B
i i
| I
[ S
h i
I I
Bl
2 I
i
o &l
o i
> o '
o 7 |
Eom [
a B H
o i
EOE
@ |
5 57
o o H
s o| L
S 2
= =
e 1
g
z Z I
Lo
|
I
\ h h h h h h : A h
) el o hed bl - « a = =
s 8 & S8 &S S8 &8 S &8 S

oney uondaday 19xded ISeray

100 110 120 130 140 150

20 30 40 50 60 70 8 90

10

Distance (m)





image23.png
09

08

[ik4

06

05

04

03

02

Single System
NR V2X agressor,
NR V2X agressor,
NR V2X agressor,

50

100

150
PRR LTE v2X

200

250




image24.emf

image25.emf

image26.emf
0 50 100 150 200 250 300

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

R

R

victim-NR V2X for licensed band 60km/h 1100Bytes

Without adj intef

With NRUE adj intef

X 150

Y 0.2872

X 150

Y 0.2823

X 50

Y 0.7358

X 50

Y 0.7377


image27.emf

image28.emf

image29.emf
0 50 100 150 200 250 300

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

P

R

R

victim-NR V2X for licensed band 60km/h 1100Bytes

Without adj intef

With NRUE adj intef

X 150

Y 0.1489

X 150

Y 0.1641

X 50

Y 0.4409

X 50

Y 0.418


image30.png
Average Packet Reception Ratio

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Urban 15km/h

— —NR V2X UE w/o NR Uu BS aggressor

—O—NR V2X UE w/ NR UuBS aggressor

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Distance (m)





image31.png
Average Packet Reception Ratio

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Urban 60km/h

— —NR V2X UE w/o NR Uu BS aggressor

—O—NR V2X UE w/ NR Uu BS aggressor

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Distance (m)





image1.emf
0 50 100 150 200 250 300

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

R

R

victim-DSRC V2V for ITS spectrum 15km/h 190Bytes

Without adj intef

With NRV2V adj intef

With DSRC adj intef


image2.emf
0 50 100 150 200 250 300

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

R

R

victim-DSRC V2V for ITS spectrum 15km/h 300Bytes

Without adj intef

With NRV2V adj intef

With DSRC adj intef


