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1 Introduction
There is regulatory issue regarding the PC2 V2X UE in WF[1]:
· Issue 1-1: Feasibility of HPUE for V2X operating bands n47 and n38
· Agreement
· At least it is feasible for n47 to support HPUE. 

· For n38, it could have different deployment scenarios, i.e. the whole band is used for SL or co-exist with Uu service. Regulatory and co-existence study should be performed for licensed bands.

· Issue 1-2: Necessity of co-existence study for band n38
· Agreement
· Co-existence study including regulatory study (if needed) as well as co-ex simulation is needed for n38. 

In this paper, we present our views on PC2 V2X UE in n38 from the regulatory/co-existence aspect.
2 Discussion
2.1 Coexisting n38 & n7/B7

In LTE TS 36.101, there is a UE-coexisting requirement for the band 7 and  band 38. The requirement requires the NS_44 signalling and the applied A-MPR table for PC2 UE. The spurious requirement is according to Table 6.6.3.3.33-1 in TS 36.101 below.

Table 6.6.3.3.33-1: Additional requirements

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 
	NOTE

	
	5, 10, 15, 20
	
	

	2620-2645
	-15.5
	5MHz
	1

	2645-2690
	-40
	1MHz
	1

	Note 1:
The E-UTRA carrier with channel bandwidth is confined within 2570 MHz and 2615 MHz


In TS 38.101-1, the UE-coexisting requirement is not changed, and it is shown in Table 6.5.3.2-1 in TS 38.101-1.
Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence

	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n38
	E-UTRA Band 1, 2, 3, 4, 5, 8,  12, 13, 14, 17, 20, 22, 27, 28, 29, 30, 31, 32, 33, 34, 40, 42, 43, 50, 51, 52, 65, 66, 67, 68, 72, 74, 75, 76, 85
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band  n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2620
	-
	2645
	-15.5
	5
	15, 22, 26

	
	Frequency range
	2645
	-
	2690
	-40
	1
	15, 22


In such a case, the PC2 V2X UE operating in n38 should also protect the B7/n7 UE receiving and thus the new NS signalling and A-MPR should be investigated.
Proposal-1: RAN4 investigate the A-MPR for PC2 V2X UE in n38 to protect NR UE operating in n7 and LTE UE in B7.
2.2 V2x operation in-coverage and out-of-coverage

NR V2X UE can operate in either mode 1 or mode 2. The difference between the two modes is the SL resource allocation.

Mode 1: BS schedules SL resource(s) to be used by UE for SL transmission(s). 
Mode 2: UE determines, i.e. BS does not schedule, SL transmission resource(s) within SL resources configured by BS/network or pre-configured SL resources.

In the network coverage, NR V2X UE can be configured with either mode 1and mode 2. In out of coverage of network, the NR V2X UE can only work in mode 2. When the V2X UE operate in-coverage in mode 1, its maximum transmission power may be limited to the allowed maximum output power associated with the serving cell. When V2X UE operate out of coverage, the allowed maximum output power could be different. This is specified in 6.2.5.D in TS 36.101 and quoted below:
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, PEMAX,c is the value given by IE P-Max for serving cell c, defined by [7], when present. PEMAX,c is the value given by IE maxTxPower, defined by [7], when the UE is not associated with a serving cell on the ProSe carrier .
In TS 38.101-1, the V2X TX power is configured in 6.2E.4.1 and quoted below.
6.2E.4.1
General

The NR V2X UE is allowed to set its configured maximum output power PCMAX,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,c is set within the following bounds:

PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


PCMAX_L,f, c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) –– MAX(MAX(MPRc , A-MPRc)+ ΔTIB,c + TC,c + ∆TRxSRS, P-MPRc), PRegulatory,c }

PCMAX_H,f, c = MIN {PEMAX,c,  (PPowerClass– ΔPPowerClass),  PRegulatory,c }

where

-
PCMAX,f,c is configured for PSSCH\PSCCH, S-SSB and PSFCH, respectively;
-
For the total transmitted power PCMAX,PSSCH/PSCCH, PCMAX,S-SSB and PCMAX,PSFCH, PEMAX,c is the value given by IE maxTxPower, defined by [TS 38.331], when the UE is not associated with a serving cell on the NR V2X carrier .
-
PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1;

For V2X UE, PEMAX,c in TS 38.101-1is not consider the V2X UE associated with a serving cell and this is ok as the in Rel-16 as the whole licensed band is used for V2X or NR Uu. When the licensed band is used partially for NR V2X and NR V2X, the mode 1 V2X operation would be possible, thus the configured power needs to be updated to include the maximum allowed transmission power associated with the serving cell.
Proposal-2: update the PEMAX,c to consider the coexisting of NR V2X and NR Uu within the same band.
For the licensed band, n38 has 50MHz frequency range and n14 has 2X10Mhz frequency range, configure the dedicated/different V2X carrier and Uu carrier within the band will not have best spectrum efficiency. The same carrier can be configured both NR V2X UE and NR Uu depending on the network coverage and also depending on the operation mode. For example, operator allow only v2x operation at out of coverage for n14. For n38, V2X UE could operate in mode 1 in coverage and mode 2 in out of coverage with the same carrier configured.
Observation #1: For licensed band, the NR V2X operation can share the same carrier with NR Uu operation with below options:

· limiting the V2X in out of coverage area or 
· V2X operation in mode 1 in coverage and mode 2 in out of coverage area.

This indeed, written in the WID[3] objective:
Support of new sidelink frequency bands for single-carrier operations [RAN4]

· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.

For the adjacent channel coexistence of PC2 V2X UE and PC3/PC2 NR UE, RAN4 will continue the coexisting work with the agreed coexisting simulation assumption[4], but it is not clear in which case the same channel coexisting should be and based on discussion above, we think below two cases should be based.
Proposal-3: Consider the below two cases for the coexistence between sidelink and Uu interface in same channel in licensed spectrum:

· Case #1: limiting the V2X in out of coverage area or 
· Case#2: V2X operation in mode 1 in coverage and mode 2 in out of coverage area.

The key issue to study the co-channel coexistence is the interference between the two system. For the case #1, the interference is limited outside the coverage area and for case #2, the interference is mitigated with the network co-ordinated resource allocation in the coverage area. To investigate the interference quantitively, the criteria of the in-coverage and out of coverage needs to be examined:

In TS 38.304, in clause 8.2 it says: 
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 (TS 38.304 v16.3.0), 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 (TS 38.304 v16.3.0), 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
And clause 8.2.1
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.
The S criterion in clause 5.2.3.2:

5.2.3.2
Cell Selection Criterion
The cell selection criterion S is fulfilled when:

	Srxlev > 0 AND Squal > 0


where:
	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
	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.

	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].


There is one parameter in the S criterion equation which is the Pcompensation. It compensates the received RX level with the difference of the P_EMAX and PowerClass. For example, if the P_EMAX > P_PowerClass, the difference will be used to increase the Rx level threshold. So, for such UE with less output power, the cell range will be reduced due to the limited output power in uplink. For a case where P_EMAX < P_powerClass, the Pcompensation will be 0 dB and there is no consideration of increased uplink coverage due to higher output power class UE.
When the PC2 UE is introduced for V2X in band n38, there will be difference between the highest supported power class for NR Uu UE and highest supported power class for NR V2X UE. This is because the NR V2X power class and NR Uu power class are specified in different table in TS 38.101-1.
Table 6.2.1-1: UE Power Class

	NR

band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n38
	
	
	
	
	
	
	23
	±2


Table 6.2E.1.1-1: NR V2X UE Power Class for SL-MIMO
	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n38
	
	
	26 (to be added)
	
	23
	+2/-3
	
	


With the above two tables for NR V2X UE and NR Uu UE, it can observe that:

Observation-2: The highest supported power class for V2X is difference with highest supported power class for Uu in band n38.
With current S criterion defined in 38.304, the cell will be detected at the same location for PC3 NR Uu UE and PC2 NR V2X UE. This is because there is no compensation factor for sxlev in S criterion equation for the case where P_powerClass is higher than P_EMAX associated with the serving cell. This is illustrated in Figure 1 below when PC2 V2X UE use the same frequency as NR Uu UE. The coverage zone for PC2 UE is A2 and coverage zone for PC3 UE is A1. The current sidelink in-coverage criterion will make the PC2 V2X UE declare the in-coverage in A1 but not A2. Both A2 and A3 will be declared as out of coverage zone for V2X UE. In this case, PC2 V2X UE will generate the co-channel interference at A2 to network and this should be avoided.
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Figure 1: PC2 V2X UE and PC3 NR Uu UE coverage area comparison 

Proposal-4: RAN4 discuss the co-channel interference issue relating to the in-coverage criterion.

3 Conclusions

In this contribution, we present our views on PC2 V2X UE in n38 from the regulatory/co-existence aspect with below proposal:
Proposal-1: RAN4 investigate the A-MPR for PC2 V2X UE in n38 to protect NR UE operating in n7 and LTE UE in B7.

Proposal-2: update the PEMAX,c to consider the coexisting of NR V2X and NR Uu within the same band.
Observation #1: For licensed band, the NR V2X operation can share the same carrier with NR Uu operation with below options:

Proposal-3: Consider the below two cases for the coexistence between sidelink and Uu interface in same channel in licensed spectrum:

· Case #1: limiting the V2X in out of coverage area or 
· Case#2: V2X operation in mode 1 in coverage and mode 2 in out of coverage area.

Observation-2: The highest supported power class for V2X is difference with highest supported power class for Uu in band n38.
Proposal-4: RAN4 discuss the co-channel interference issue relating to the in-coverage criterion.
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