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1. Introduction
Rel-18 NR SL evolution WI was approved with latest WID in [1] and the work in RAN4 starts from this meeting. In this paper, the RF impacts will be discussed.
2. Discussion
2.1 MOP and MIMO/TxD
[bookmark: _Hlk131088003]It was agreed PC5 (20dBm) is the default power class and FFS on other power classes (PC1/2/3) in last meeting. Reason behind is considering the power class supported in NR-U, reusing WIFI PAs to reduce the UE implementation costs, and reducing the potential high standardization complexity of the coexistence analysis between high power SL-U and NR-U/WIFI. Therefore, RAN4 should focus on completing PC5 before the introduction of other power classes.
Proposal 1:         RAN4 focus on completing PC5 before the introduction of other power classes.
UE can meet PC5 easily with single WIFI PA, in this case, there is no need to further consider TxD for SL-U in Rel-18.
Then for SL-MIMO it can be supported to increase Tx throughputs.

Proposal 2:         TxD is not considered in Rel-18 SL-U, and SL-MIMO can be considered.
Besides, there are also transmit power density requirements in NR-U as shown in figure 1 which are from regulations. SL-U UE should also follow such transmit power density restrictions.
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Figure 1 NR-U transmit power density requirements
Proposal 3:         Transmit power density requirements defined in NR-U shall be followed by SL-U UE.
2.2 Pcmax
Pcmax for NR-U is same as legacy NR, and there is no difference in Pcmax definition for SL-U and current V2X especially PRegulatory,c is additionally considered [16] comparing to NR single CC. The Pcmax of current V2X can be reused. 
Proposal 4:         Reuse current Pcmax for V2X in clause 6.2E.4.1 for SL-U.
2.3 Min output power
The min power is defined differently from NR single CC requirement, take 20MHz CBW as example, the NR V2X min power is defined as -30dBm (figure 2), but NR uu is -40dBm (figure 3). 
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Figure 2 NR V2X min power requirements
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Figure 3 NR uu min power requirements

This difference is copied from LTE V2X which is triggered by RAN5 LS [2] where it asked RAN4 how to test LTE V2X IBE requirement in low power range with large absolute power tolerance. And then in RAN4 reply LS [3] it changed not only the LTE V2X absolute power tolerance but also changed the LTE V2X minimum output power from original -40dBm to -30dBm. The reason for this change was explained in [4] as shown in figure 4, i.e. to make IBE requirement testable.
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Figure 4 Reason of LTE V2X min power change from -40dBm to -30dBm

Then after several meetings in RAN4#90, another CR [5] was agreed to change it back from -30dBm to -40dBm, however, the minimum output power was not changed back. This makes the LTE V2X minimum output power is -30dBm in the LTE spec, and then reused in NR spec.

[bookmark: _Hlk131352354]Observation 1:   The NR V2X minimum output power was reused from LTE V2X. And in LTE V2X, absolute power tolerance was changed smaller to make RAN5 IBE testing feasible when Tx power is low, and the minimum output power was also changed from -40dBm to -30dBm as a side change. Then, in following meetings, the absolute power tolerance was changed back, however, minimum output power was left not changed back.
From above history tracks it can be noticed that the minimum output power difference was just an side change of absolute power tolerance but when the absolute power tolerance was changed back, the minimum output power was overlooked. Then it is suggested to correct this requirement and align with NR uu.

Proposal 5:         Correct NR V2X minimum output power to align with NR uu, i.e. for CBW ≤ 20MHz change it from -30dBm to -40dBm and scale it for higher CBWs (reasons see observation 1).
Considering NR-U also reuses the NR uu minimum output power, then SL-U minimum output power should be defined same as NR.

Proposal 6:         Reuse NR single CC (same as NR-U) minimum output power for SL-U, i.e. -40dBm for CBW ≤ 20MHz and scale it for higher CBWs.

2.4 OFF power
The OFF power for NR V2X is as seen in figure 5, and NR-U reuse the NR single CC requirement shown in figure 6. Basically, the are same. SL-U can reuse the NR single CC requirement as in figure 6.
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Figure 5 NR V2X OFF power
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Figure 6 OFF power for NR single CC (reused by NR-U)

Proposal 7:         -50dBm OFF power is defined for SL-U which is same as NR single CC, NR-U and NR V2X.

2.5 ON/OFF time mask
Two ON/OFF time masks were defined for NR V2X, i.e. general PSSCH and PSCCH time mask, and S-SSB time mask as shown in figure 7. For SL-U, these two ON/OFF time masks are also needed. 
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Figure 7 ON/OFF time mask for NR V2X
[bookmark: _Hlk131416320]Comparing to NR V2X, the NR-U considered the case of COT sharing, and defined CP-E to fit for the 16us or 25us transmit gap length requirements in COT sharing. To give more time for UE LBT measurements, the existing10us transient period in the front and 5us transient period in the back were pushed inside the transmit symbols. And another 5us transient period was defined in the front to allow UE ramp-up earlier [6][7][8]. This can be seen in figure 8.
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Figure 8 ON/OFF time mask for NR-U

Observation 2:   NR-U ON/OFF time mask considered the case of COT sharing, and defined CP-E to fit for the 16us or 25us transmit gap length requirements in COT sharing. The ON/OFF time mask of NR-U is different from V2X in transient period location and length.
To combine them together, bellow figure 9 and 10 ON/OFF time masks for SL-U are proposed. For the leading transient period, it is defined as 15us including 5us before CP-E and 10us within the CP-E, and for the ending transient period, it is proposed to keep the 10us within the guard period symbol instead of pushing inside the useful symbols for SL-U.

Proposal 8:         It is proposed to adopt figure 9 and 10 ON/OFF time mask for SL-U with transient period same as NR-U in the front, and same as V2X in the end.


Figure 9 General ON/OFF time mask for SL-U PSSCH and PSCCH



Figure 10 ON/OFF time mask for SL-U S-SSB

2.6 IBE
The IBE requirement for NR V2X is reusing the NR single CC requirements as shown in figure 11, and the NR-U IBE requirement is different from NR single CC in the general requirement as shown in figure 12. The NR-U IBE requirement is reusing the eLAA IBE requirement according to [9][10] considering the interlaced RB allocations. For SL-U, the general IBE requirement for NR-U can be reused.
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Figure 11 NR single CC and V2X IBE
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Figure 12 NR-U IBE

Observation 3:   NR-U reuse eLAA general IBE requirement considering the interlaced RB allocations in unlicensed spectrums.
Proposal 9:         It is proposed to reuse the general IBE requirement of NR-U for SL-U. And the IQ image/Carrier leakage of NR-U can also be reused since it is same as NR single CC and NR V2X.
2.7 SEM/ASEM
The SEM definition is different for NR V2X or NR single CC to NR-U as can be seen in below figure 13 and figure 14. The difference coming from NR-U protection of WIFI and LTE-LAA existing systems in unlicensed spectrums and regulations in EU [11][12][13]. For SL-U, it also needs to follow these protection requirements in unlicensed spectrum.
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Figure 13 NR V2X and NR single CC SEM
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Figure 14 NR-U SEM

Proposal 10:       Reuse the NR-U SEM requirements for SL-U due to same protection requirements to existing systems like WIFI and LTE-LAA.
For ASEM, there is no specific requirements defined for NR-U in current spec for bands n46/n96/n102, therefore no specific ASEM is requirement for SL-U either.

Proposal 11:       No ASEM is needed for SL-U in bands n46/n96/n102 which is same as current NR-U.
2.8 ACLR
NR-U ACLR was defined for power class 5 with 27dB [14], and ACLR2 was defined for n46 in Japan [15]. These can also be reused for SL-U.
[image: ]
Proposal 12:       NR-U ACLR can be reused for SL-U with power class 5 in bands n46/n96/n102.
2.9 UE coexistence
For the UE coexistence, there is no requirement defined for the UE works in unlicensed bands in standalone mode. This is following the general handling of LAA and WIFI as described in [6] copied below:
“The NR-U bands are unlicensed they do not necessarily follow the same conventions as licensed bands.  Licensed bands, for example, are not required to provide incoming coexistence protection to LAA Band 46.  Moreover, other technologies such as WiFi using the unlicensed bands do not provide any outgoing coexistence protection to other 3GPP bands.  It is therefore proposed that UE coexistence requirements, either incoming to protect the NR-U bands or outgoing to protect other 3GPP bands, are not required with respect to the NR-U standalone bands.  Instead, the general spurious emission requirements apply.  Carrier aggregation or dual connectivity combinations including a licensed band would be obligated to protect other 3GPP band in the same way as eLAA with respect to the licensed band.”

Therefore, for the SL-U the UE coexistence requirements also doesn’t need to be defined for the standalone mode. For the uu+SL concurrent transmission, it only needs to follow the NR uu coexistence protection.

Proposal 13:       UE coexistence requirement is not defined for SL-U standalone working mode following the same principle of NR-U, i.e. it doesn’t need to provide protection to other bands or receiving protection from them.

2.10 ASE
There are NR-U ASE requirements defined, for n46 the NS_28, NS_29, NS_30 and NS_31 apply, for n96 the NS_53/54/60 and NS_61 apply, for n102 the NS_58 apply. There requirements may also need to be considered in SL-U.

Observation 4:   ASE may need to be defined for SL-U.
2.11 MPR/AMPR
[bookmark: _Hlk131444449]MPR and AMPR requirements need to be discussed further after the relevant general requirements are determined.

[bookmark: _Hlk131444488]Observation 5:   MPR and AMPR will be discussed after the relevant general requirements are determined.
2.12 other requirements with no difference
[bookmark: _Hlk131443832]Power control, Freq Error, EVM, Carrier leakage, CBW, General SE and Tx intermodulation, they are all same among NR single CC, NR V2X and NR-U. Same requirements can also be applied to SL-U.

Proposal 14:       The NR single CC requirements of Power control, Freq Error, EVM, Carrier leakage, CBW, General SE and Tx intermodulation can be reused for SL-U considering there is no difference among NR V2X and NR-U.
3. Conclusions
[bookmark: _Hlk125811723]In this contribution, the Tx requirements for Rel-18 NR SL evolution are analysed and got the following observations and proposals.
2.1 MOP and MIMO/TxD
Proposal 1:         RAN4 focus on completing PC5 before the introduction of other power classes.
Proposal 2:         TxD is not considered in Rel-18 SL-U, and SL-MIMO can be considered.
Proposal 3:         Transmit power density requirements defined in NR-U shall be followed by SL-U UE.

2.2 Pcmax
Proposal 4:         Reuse current Pcmax for V2X in clause 6.2E.4.1 for SL-U.

2.3 Min output power
Observation 1:   The NR V2X minimum output power was reused from LTE V2X. And in LTE V2X, absolute power tolerance was changed smaller to make RAN5 IBE testing feasible when Tx power is low, and the minimum output power was also changed from -40dBm to -30dBm as a side change. Then, in following meetings, the absolute power tolerance was changed back, however, minimum output power was left not changed back.
Proposal 5:         Correct NR V2X minimum output power to align with NR uu, i.e. for CBW ≤ 20MHz change it from -30dBm to -40dBm and scale it for higher CBWs (reasons see observation 1).
Proposal 6:         Reuse NR single CC (same as NR-U) minimum output power for SL-U, i.e. -40dBm for CBW ≤ 20MHz and scale it for higher CBWs.

2.4 OFF power
Proposal 7:         -50dBm OFF power is defined for SL-U which is same as NR single CC, NR-U and NR V2X.

2.5 ON/OFF time mask
Observation 2:   NR-U ON/OFF time mask considered the case of COT sharing, and defined CP-E to fit for the 16us or 25us transmit gap length requirements in COT sharing. The ON/OFF time mask of NR-U is different from V2X in transient period location and length.
Proposal 8:         It is proposed to adopt figure 9 and 10 ON/OFF time mask for SL-U with transient period same as NR-U in the front, and same as V2X in the end.

2.6 IBE
Observation 3:   NR-U reuse eLAA general IBE requirement considering the interlaced RB allocations in unlicensed spectrums.
Proposal 9:         It is proposed to reuse the general IBE requirement of NR-U for SL-U. And the IQ image/Carrier leakage of NR-U can also be reused since it is same as NR single CC and NR V2X.

2.7 SEM/ASEM
Proposal 10:       Reuse the NR-U SEM requirements for SL-U due to same protection requirements to existing systems like WIFI and LTE-LAA.
Proposal 11:       No ASEM is needed for SL-U in bands n46/n96/n102 which is same as current NR-U.

2.8 ACLR
Proposal 12:       NR-U ACLR can be reused for SL-U with power class 5 in bands n46/n96/n102.

2.9 UE coexistence
Proposal 13:       UE coexistence requirement is not defined for SL-U standalone working mode following the same principle of NR-U, i.e. it doesn’t need to provide protection to other bands or receiving protection from them.
2.10 ASE
Observation 4:   ASE may need to be defined for SL-U.

2.11 MPR/AMPR
Observation 5:   MPR and AMPR will be discussed after the relevant general requirements are determined.

2.12 other requirements with no difference
Proposal 14:       The NR single CC requirements of Power control, Freq Error, EVM, Carrier leakage, CBW, General SE and Tx intermodulation can be reused for SL-U considering there is no difference among NR V2X and NR-U.
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Table 6.3E.1.1-1: Minimum output power

Channel bandwidth

Minimum output power

Measurement bandwidth

(MHz) (dBm) (MHz)
5' -30 4.515
10 -30 9.375
20 -30 19.095
30 -28.2 28.815
40 -27 38.895
Note 1: The CBW is only applicable to PS UE in n14.
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Table 6.3.1-1: Minimum output power

Channel bandwidth (MHz) m 25,30,35,40,45,50 60,70,80,90,100

Minimum output power (dBm) '40+10|°%% (BWenamel -40+10l0g10 (BW channel /20)

Measurement bandwidth | (MHz) MBW=REF_SCS*(12*Nrg+1)/1000

NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.
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Reason for change:-  For V2X sidelink transmission in current PC5 band (Band 47), the minimum output
power does not need to be as low as -40dBm which make the IBE requirement
untestable. In addition, absolute power tolerance for sidelink does not need to
consider channel estimation error. -
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Table 6.3E.2.1-1: Transmit OFF power

Channel bandwidth

Transmit OFF power

Measurement bandwidth

(MHz) (dBm) (MHz)
5' -50 4.515
10 -50 9.375
20 -50 19.095
30 -50 28.815
40 -50 38.895

Note 1: The CBW is only applicable to PS UE in n14.
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Table 6.3.2-1: Transmit OFF power

Channel
bandwidth (MHz) | 5,10,15,20,25,30,35,40,45,50 ‘ 60,70,80,90,100
REF_SCS (kHz) 15 30

Transmit OFF (dBm) 50

power
Measurement _ s

bandwidth (MHz) MBW=REF_SCS*(12*Nrs+1)/1000

NOTE: “Nrs” in the formula is the maximum transmission bandwidth configuration as

defined in Table 5.3.2-1.
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Figure 6.3E.3.2-1: General PSCCH/PSSCH time mask for NR V2X UE

Slot . Slot

l

End of OFF |

H
H
1
1
1
¥
1
1
Power Requirement }  }
P
' 1
' 1
10us =4

Transient period

Start of N, N,, Slot
Power 5-558

-~

End of N, Power
PSBCH

|

10us

>

Transient period

1 Start of OFF power

Figure 6.3E.3.3-1: S-SSB time mask for NR V2X UE





image8.png
End of ON power
—_—

End of OFF power
requirement

Start of OFF power
requirement
* The OFF power requirements does not

apply for DTX and measurement gaps

10us 5Hs €Y 5w

Transient period Transient period

Figure 6.3F.3.2-1: General ON/OFF time mask for shared spectrum channel access
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Table 6.4.2.3-

: Requirements for in-band emissions

Parameter Unit Limit (NOTE 1) Applicable
description Frequencies
General dB max{ —25—10-10g,,(N g/ Legy)s Any non-allocated
20-10g, EVM 3= 5-(A gyl =1/ Ligas (NOTE2)
—57dBm+10log,,(SCS/15kHz)— Py,
1Q Image dB -28 Image frequencies when output power > 10 dBm Image
frequencies
(NOTES 2, 3)
-25 Image frequencies when output power < 10 dBm
Carrier dBc -28 Output power > 10 dBm Carrier leakage
leakage frequency
(NOTES 4, 5)
25 0 dBm < Output power < 10 dBm
-20 -30 dBm < Output power < 0 dBm
-10 40 dBm < Output power < -30 dBm
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Table 6.4F.2.3-1: Minimum requirements for in-band emissions

Parameter Unit Limit (NOTE 1) Applicable
description Frequencies
General dB —10 — 6(|Agg| — 1), Any non-allocated
(NOTE 2)
Hz — Prg
1Q Image dB -28 Image frequencies when output power > 10 dBm Image
frequencies
(NOTES 2, 3)
-25 Image frequencies when output power < 10 dBm
Carrier dBc -28 Output power > 10 dBm Carrier frequency
leakage (NOTES 4, 5)
25 0 dBm < Output power <10 dBm
20 -30 dBm < Output power < 0 dBm
-10 -40 dBm < Output power < -30 dBm
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Table 6.5.2.2-1: General NR spectrum emission mask -

Afoos * Channel bandwidth (MHz) / Spectrum emission limit (dBm) Measurement
(MHz)© 5] 10,15, 20, 25, 30, 35, 40, 45- | 50, 60, 70, 80, 90, 100 bandwidth -
+0-10 -134] 130 1 9% of channel BW.
+0-10 240 30 kHz
+150 -104] 10+
+560 -134]
+6-10- -25] P

+ 5-BWohannel 130 1MHzo

+ BWenanner- 250

(BWehannert5) <
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Table 6.5F.2.2.0-1: Spectrum emission mask for operation with shared spectrum channel access

Spectrum emission limit (dBr) / Channel bandwidth

Afoos 10, 20, 40, 60, 80, 100 MHz Measurement
(MHz) bandwidth
(MBW)
£0-1 —20 [8f 9o [100kHz]®
+ 1-(BWchannel / 2) —20—(8/A) |Afoos — 1] where A = (BWchannei / 2) — 1 1MHz
% (BWchannel / 2)-BW channel — 16 — (6 / BWchanne) |Afoos|
< - BWchannel O > BWchanne! -40
NOTE 1: Void
NOTE 2: Void

NOTE 3: The measured value shall be scaled by a factor equal to the ratio of the reference bandwidth (1 MHz) to
the measurement bandwidth before the emission limit (dBr) is applied.

NOTE 4: The carrier leakage exceptions from Table 6.4F.2.3-1 apply and carrier leakage contribution shall be
removed prior to setting the 0dBr level of the mask, the reported carrier frequency location in
txDirectCurrentLocation field of the UplinkTxDirectCurrentBWP can be used to cancel the carrier leakage
contribution. If txDirectCurrentLocation is not available or is reported with value 3300 or 3301, a carrier
frequency location at the center of the channel shall be assumed.
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Instead of the general ACLR requirement in clause 6.5.2.4, if the measured adjacent channel power is greater than —47
dBm then the ACLR shall be higher than the value specified in Table 6.5F.2.4.1-1.

Table 6.5F.2.4.1-1: Shared spectrum channel access ACLR requirement

Power class 5
ACLR 27dB

6.5F.2.4.2 Additional requirement for network signalled value "NS_29"

When "NS_29" is indicated in the cell, the UE emission shall meet the additional requirements specified in Table
6.5F.2.4.2-1 for shared spectrum channels assigned within 5150 — 5350 MHz and 5470 — 5730 MHz.

Table 6.5F.2.4.2-1: ACLR2 requirement for "NS_29"

Power class 5 20 MHz 40 MHz 60, 80 MHz.
ACLR2 40 dB 40 dB N/A
Measurement bandwidth 20 MHz 40 MHz N/A
Adjacent channel center frequency +40/-40 +80/-80 N/A
offset (MHz)
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Table 6.2F.1-2: Additional requirements for transmit power density

NR
Band

NS value

Channel bandwidth
(MHz)

Frequency range (MHz)

Maximum mean power

n46

NS_28

20, 40, 60, 80

5150 — 5350

5470 — 5725

density (dBm/MHz)
10

NS_29

20
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