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1	Introduction
At RAN1#101-e on Nov. 1st-12th 2021, RAN4 has sent the LS on Signalling of PC2 V2X intra-band concurrent operation (R4-2119992) to RAN2. Therefore, we discuss potential remaining RAN2 impact for this LS in this paper.
[bookmark: _Ref178064866]2	Discussion
[bookmark: OLE_LINK47]At RAN1#101-e on Nov. 1st-12th 2021, RAN4 has sent the LS on Signalling of PC2 V2X intra-band concurrent operation (R4-2119992) to RAN2. In the LS, it is stated that
RAN4 has agreed to introduce two signalled capabilities for NR V2X as:
1, NR V2X power class per band capability.
2, NR V2X intra-band concurrent operation power class capability per band combination

For the NR V2X power class per band capability, it has been agreed that at least PC2 and PC3 should be covered since Rel-16. 
The PC3 Requirements for NR-V2X have been defined in Rel-16. While the PC2 requirements for NR-V2X are specified in Rel-17, RAN4 has agreed that PC2 HPUE for NR-V2X is a Rel-16 leftover issue, therefore, the PC2 power class should be supported from Rel-16.


For the NR V2X 0 concurrent operation power class capability, it has been agreed that to define the per band combination power class capability signalling for NR V2X intra-band concurrent operation of the combined power class of that band combination.       

It was agreed in RAN4 that UE could have separate RF chains to support Uu and SL for a UE in the same band, e.g. n79. Based on that, it is possible that different power classes could be supported by Uu and SL for a NR band. Thus, the per band power class for Uu cannot be reused for NR SL for the same band.


Actions:
To RAN2:
ACTION: RAN4 respectfully asks RAN2 to define respective signalling in Rel-16.

According to the LS, RAN2 has already defined respective signalling since Rel-16. 
[bookmark: _Toc149826780]RAN2 has already defined respective signalling (to support this additional SL power class PC2) in specs since Rel-16.

One remaining issue is spotted in the cell selection and reselection procedure due to introduction of this additional SL power class PC2. 
As captured in TR 38.785 clause 6.2, for licensed band, the NR V2X operation can share the same carrier with NR Uu operation:
· [bookmark: MCCQCTEMPBM_00000035][bookmark: MCCQCTEMPBM_00000064]Scenario#1: V2X operation in the In-Coverage (IC) area with Pcmax confined by P_EMAX associated with a serving cell and moving from in-coverage area to Out-Of-Coverage (OOC) area with Pcmax confined with IE maxTxPower without associated with a serving cell
· 

Figure 1/Figure 6.3-1: Co-channel interference scenario #1 (PC2 V2X UE interference to network in TR 38.785

The issue arises when the V2X UE uses higher SL power class than that of Uu UE. In this case, as shown in Figure 1, the UL coverage of NR V2X UE is partially overlapping with its IC area and in such case, NR V2X UE could operate in OOC area within its UL coverage range.  This is illustrated as A2 for PC2 UE in Figure 6.3-1. The UL coverage zone in A2 overlaps with OOC area for PC3 UE. Therefore, the PC2 V2X UE may generate co-channel interference to network when V2X UE operating at out-of-coverage in such a case.
[bookmark: _Toc149826781]As captured in TR 38.875 clause 6.2, when a V2X UE uses higher SL power class (i.e., PC2) than that of Uu UE (i.e., PC3), the PC2 V2X UE may generate co-channel interference to the network when the V2X UE operating at out-of-coverage in the zone where the V2X UE has UL coverage according to the SL power class.
Since RAN4 has confirmed that the issue is valid, it would be necessary for RAN2 to have a simple solution to address the issue.
In TS 38.304, the cell selection criterion S is fulfilled when:
	Srxlev > 0 AND Squal > 0


where:
	[bookmark: _Hlk505630812]Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	[bookmark: _Hlk513297296]Minimum required RX level in the cell (dBm). If the UE supports SUL frequency for this cell, Qrxlevmin is obtained from q-RxLevMinSUL, if present, in SIB1, SIB2 and SIB4, additionally, if QrxlevminoffsetcellSUL is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell;
else Qrxlevmin is obtained from q-RxLevMin in SIB1, SIB2 and SIB4, additionally, if Qrxlevminoffsetcell is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell.

	Qqualmin
	Minimum required quality level in the cell (dB). Additionally, if Qqualminoffsetcell is signalled for the concerned cell, this cell specific offset is added to achieve the required minimum quality level in the concerned cell.

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN, as specified in TS 23.122 [9].

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN, as specified in TS 23.122 [9].

	Pcompensation 
	For FR1, if the UE supports the additionalPmax in the NR-NS-PmaxList, if present, in SIB1, SIB2 and SIB4:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)

For FR2, Pcompensation is set to 0.
For IAB-MT, Pcompensation is set to 0.

	PEMAX1, PEMAX2
	Maximum TX power level of a UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 38.101 [15]. If UE supports SUL frequency for this cell, PEMAX1 and PEMAX2 are obtained from the p-Max for SUL in SIB1 and NR-NS-PmaxList for SUL respectively in SIB1, SIB2 and SIB4 as specified in TS 38.331 [3], else PEMAX1 and PEMAX2 are obtained from the p-Max and NR-NS-PmaxList respectively in SIB1, SIB2 and SIB4 for normal UL as specified in TS 38.331 [3]. 

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 38.101-1 [15].



When a UE is determining whether it is in-coverage for sidelink operation in a cell where the UE supports sidelink operation and NR radio access on the same frequency and the sidelink power class is higher than the Uu power class, the UE uses the sidelink power class when evaluating the S criterion.. Thus, A2 would be determined as IC for PC2 V2X UE. Within A2, PC2 V2X UE would read SIB information signalled by the gNB which contains a transmission power limitation (i.e., mostly likely to be lower than PC2, since the gNB knows that the cell may serve both PC3 UEs and PC2 UEs in the same channel. To avoid interference between Uu operation and SL operation, the gNB would set the SL power limitation to be lower than PC2) for SL operation. PC2 V2X UE would then use that lower power limitation to regulate its SL transmission power to avoid generating interference to Uu operations by other PC3 UEs in the same channel.
It is beneficial to adopt such simple solution to address the issue.
[bookmark: _Toc149826782]it is beneficial to address the issue with a simple option aiming for minimized spec changes.
Therefore, we would like to make the below proposal.
[bookmark: _Toc149826786]When a UE is determining whether it is in-coverage for sidelink operation in a cell where the UE supports sidelink operation and NR radio access on the same frequency and the sidelink power class is higher than the Uu power class, the UE uses the sidelink power class when evaluating the S criterion.
The corresponding spec changes are minimized. 
Based on the above proposal, we have also prepared the text proposals.
[bookmark: _Toc149826787]Adopt the text proposal captured in the Annex.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 has already defined respective signalling (to support this additional SL power class PC2) in specs since Rel-16.
Observation 2	As captured in TR 38.875 clause 6.2, when a V2X UE uses higher SL power class (i.e., PC2) than that of Uu UE (i.e., PC3), the PC2 V2X UE may generate co-channel interference to the network when the V2X UE operating at out-of-coverage in the zone where the V2X UE has UL coverage according to the SL power class.
Observation 3	it is beneficial to address the issue with a simple option aiming for minimized spec changes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When a UE is determining whether it is in-coverage for sidelink operation in a cell where the UE supports sidelink operation and NR radio access on the same frequency and the sidelink power class is higher than the Uu power class, the UE uses the sidelink power class when evaluating the S criterion.
Proposal 2	Adopt the text proposal captured in the Annex.

4 Annex – text proposals
4.1 Changes to TS 38.304 Rel-16
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Start of changes
[bookmark: _Toc139143746][bookmark: _Hlk54206873]
8	Sidelink Operation
[bookmark: _Toc139143747]8.1	NR sidelink communication and V2X sidelink communication
The UE may transmit or receive NR sidelink communication if it fulfils the condition(s) defined in TS 38.331 [3], clause 5.8.2. When UE is in-coverage for sidelink operation as defined in clause 8.2, the UE may perform NR sidelink communication according to SIB12, and when out-of-coverage for sidelink, the UE may perform NR sidelink communication according to SL-PreconfigurationNR or according to SIB12 of the cell on the frequency which provides inter-carrier NR sidelink configuration, as specified in TS 38.331 [3]. The UE shall not perform NR sidelink communication according to SL-PreconfigurationNR if the UE detects a cell providing NR sidelink configuration or inter-carrier NR sidelink configuration for the frequency UE is interested to perform NR sidelink communication on.
The UE may transmit or receive V2X sidelink communication if it fulfills the condition(s) defined in TS 36.331[6], clause 5.10.1d. When UE is in-coverage for sidelink operation as defined in clause 8.2, the UE may perform V2X sidelink communication according to SIB13/SIB14 of the cell on an NR frequency.
[bookmark: _Toc139143748]8.2	Cell selection and reselection for Sidelink
The requirements defined in this clause for sidelink operation apply for UEs in RRC_IDLE, RRC_INACTIVE and in RRC_CONNECTED.
When UE is interested to perform NR sidelink communication on non-serving frequency, it may perform measurements on that frequency or the frequencies which can provide inter carrier NR sidelink configuration for that frequency for cell selection and reselection purpose in accordance with TS 38.133[8]. When UE is interested to perform V2X sidelink communication on non-serving frequency, it may perform measurements on that frequency or the frequencies which can provide inter carrier V2X sidelink configuration for that frequency for cell selection and intra-frequency reselection purpose in accordance with TS 38.133[8].
If the UE detects at least one cell on the frequency which UE is configured to perform NR sidelink communication on fulfilling the S criterion in accordance with clause 8.2.1, it shall consider itself to be in-coverage for NR sidelink communication on that frequency. If the UE cannot detect any cell on that frequency meeting the S criterion, it shall consider itself to be out-of-coverage for NR sidelink communication on that frequency.
If the UE detects at least one cell on the frequency which UE is configured to perform V2X sidelink communication on fulfilling the S criterion in accordance with clause 8.2.1, it shall consider itself to be in-coverage for V2X sidelink communication on that frequency. If the UE cannot detect any cell on that frequency meeting the S criterion, it shall consider itself to be out-of-coverage for V2X sidelink communication on that frequency.
If the UE has selected a cell on a non-serving frequency for V2X sidelink communication, it shall perform additional intra-frequency reselection process to select a better cell for sidelink operation on that frequency in accordance with clause 8.2.1.
If the UE has selected a cell on a non-serving frequency for NR sidelink communication, it shall perform additional reselection process to select a better cell for sidelink operation in accordance with clause 8.2.1.
[bookmark: _Toc12401263][bookmark: _Toc37298585][bookmark: _Toc46502347][bookmark: _Toc52749324][bookmark: _Toc139143749]8.2.1	Parameters used for cell selection and reselection triggered for sidelink
When evaluating S criterion, R criterion (ranking) or inter-frequency cell reselection criterion, as defined in clause 5.2.3.2, clause 5.2.4.6 and clause 5.2.4.5 respectively, for cell selection/reselection triggered for NR sidelink communication or V2X sidelink communication on a non-serving frequency, UE shall perform the evaluation as follows:
-	The UE shall use cell selection/reselection parameters broadcast by the concerned cell (i.e. selected cell for the sidelink operation) for the evaluation.
When a UE is determining whether it is in-coverage for sidelink operation in a cell where the UE supports sidelink operation and NR radio access on the same frequency and the sidelink power class is higher than the Uu power class, the UE uses the sidelink power class when evaluating the S criterion.
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Start of changes
[bookmark: _Toc37298582][bookmark: _Toc46502344][bookmark: _Toc52749321][bookmark: _Toc146666622][bookmark: _Hlk149309379]8	Sidelink Operation
[bookmark: _Toc37298583][bookmark: _Toc46502345][bookmark: _Toc52749322][bookmark: _Toc146666623]8.1	NR sidelink communication, and V2X sidelink communication, and NR sidelink discovery
The UE may transmit or receive NR sidelink communication/discovery if it fulfils the condition(s) defined in TS 38.331 [3], clause 5.8.2. When UE is in-coverage for sidelink operation as defined in clause 8.2, the UE may perform NR sidelink communication/discovery according to SIB12, and when out-of-coverage for sidelink, the UE may perform NR sidelink communication/discovery according to SL-PreconfigurationNR or according to SIB12 of the cell on the frequency which provides inter-carrier NR sidelink configuration, or according to SIB12 received from the connected L2 U2N Relay UE as specified in TS 38.331 [3]. The UE shall not perform NR sidelink communication/discovery according to SL-PreconfigurationNR if the UE detects a cell providing NR sidelink configuration or inter-carrier NR sidelink configuration for the frequency UE is interested to perform NR sidelink communication/discovery on, or if the UE is a L2 U2N Remote UE and has received SIB12 from the connected L2 U2N Relay UE.
The UE may transmit or receive V2X sidelink communication if it fulfills the condition(s) defined in TS 36.331[6], clause 5.10.1d. When UE is in-coverage for sidelink operation as defined in clause 8.2, the UE may perform V2X sidelink communication according to SIB13/ SIB14 of the cell on an NR frequency.
[bookmark: _Toc37298584][bookmark: _Toc46502346][bookmark: _Toc52749323]The U2N Remote UE, the U2N Relay UE, or both may transmit NR sidelink relay discovery (i.e., as specified in TS 23.304 [22]) if it fulfills the condition(s) defined in TS 38.331 [3].
For NR sidelink broadcast and groupcast, the UE may obtain SL DRX configuration from SIB12 (for in-coverage UE, as defined in clause 8.2, in RRC_IDLE and RRC_INACTIVE state; or for non L2 U2N Remote UE out-of-coverage, as defined in clause 8.2, on the frequency which the UE is configured to perform NR sidelink communication/discovery and which is included in sl-FreqInfoList in SIB12) or SL-PreconfigurationNR (for non L2 U2N Remote UE out-of-coverage, as defined in clause 8.2, on the frequency which the UE is configured to perform NR sidelink communication/discovery and which is not included in sl-FreqInfoList in SIB12).
For inter-UE coordination (IUC) information configuration, the UE may obtain it from SIB12 (for in-coverage UE, as defined in clause 8.2, in RRC_IDLE and RRC_INACTIVE state; or for non L2 U2N Remote UE out-of-coverage, as defined in clause 8.2, on the frequency which UE is configured to perform NR sidelink communication and which is included in sl-FreqInfoList in SIB12) or SL-PreconfigurationNR (for non L2 U2N Remote UE out-of-coverage, as defined in clause 8.2, on the frequency which UE is configured to perform NR sidelink communication and which is not included in sl-FreqInfoList in SIB12).
[bookmark: _Toc146666624]8.2	Cell selection and reselection for Sidelink
The requirements defined in this clause for sidelink operation (including sidelink relay operations) apply for UEs in RRC_IDLE, RRC_INACTIVE and in RRC_CONNECTED.
When UE is interested to perform NR sidelink communication/discovery on non-serving frequency, it may perform measurements on that frequency or the frequencies which can provide inter carrier NR sidelink configuration for that frequency for cell selection and reselection purpose in accordance with TS 38.133[8]. When UE is interested to perform V2X sidelink communication on non-serving frequency, it may perform measurements on that frequency or the frequencies which can provide inter carrier V2X sidelink configuration for that frequency for cell selection and intra-frequency reselection purpose in accordance with TS 38.133[8].
If the UE detects at least one cell on the frequency which UE is configured to perform NR sidelink communication/discovery on fulfilling the S criterion in accordance with clause 8.2.1, it shall consider itself to be in-coverage for NR sidelink communication/discovery on that frequency. If the UE cannot detect any cell on that frequency meeting the S criterion, it shall consider itself to be out-of-coverage for NR sidelink communication/discovery on that frequency.
If the UE detects at least one cell on the frequency which UE is configured to perform V2X sidelink communication on fulfilling the S criterion in accordance with clause 8.2.1, it shall consider itself to be in-coverage for V2X sidelink communication on that frequency. If the UE cannot detect any cell on that frequency meeting the S criterion, it shall consider itself to be out-of-coverage for V2X sidelink communication on that frequency.
If the UE has selected a cell on a non-serving frequency for V2X sidelink communication, it shall perform additional intra-frequency reselection process to select a better cell for sidelink operation on that frequency in accordance with clause 8.2.1.
If the UE has selected a cell on a non-serving frequency for NR sidelink communication/discovery, it shall perform additional reselection process to select a better cell for sidelink operation in accordance with clause 8.2.1.

[bookmark: _Toc146666625]8.2.1	Parameters used for cell selection and reselection triggered for sidelink
When evaluating S criterion, R criterion (ranking) or inter-frequency cell reselection criterion, as defined in clause 5.2.3.2, clause 5.2.4.6 and clause 5.2.4.5 respectively, for cell selection/reselection triggered for NR sidelink communication/discovery or V2X sidelink communication on a non-serving frequency, UE shall perform the evaluation as follows:
-	The UE shall use cell selection/reselection parameters broadcast by the concerned cell (i.e. selected cell for the sidelink operation) for the evaluation.
When a UE is determining whether it is in-coverage for sidelink operation in a cell where the UE supports sidelink operation and NR radio access on the same frequency and the sidelink power class is higher than the Uu power class, the UE uses the sidelink power class when evaluating the S criterion.
End of changes
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