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1. Introduction
In the last meeting, there was no agreement on con-current operation remaining issues, that is, the definition for con-current operation, switching time and switching period position. While the following options in [1] are tentatively adopted into the latest version of TS 38.101-3 as follows:
· Con-current operation definition
· Option b in slide 4, i.e., “The simultaneous transmission and reception of sidelink and Uu interfaces where operation is agnostic of the service used on each interface”

· Switching time
· 150us with transient period

· Switching period position
· Option 2 in slide 6, i.e. The whole switching time including switching period as well as transient periods shall be placed at the previous E-UTRA sub-frame or NR slot

· In Aug meeting, continue the discussion based on status slides 4-6

In this contribution, further discussion on these issues is provided. Also, some issues related to UE configured output power for inter-band con-current operation are discussed.
2. Discussion
Con-current operation definition
Status on con-current operation definition
· Option a: the band combinations where Uu is capable of scheduling or configuring SL in sidelink resource allocation for NR V2X mode 1/LTE V2X mode 3 or configuring SL in sidelink resource allocation for NR V2X mode 2/LTE V2X mode 4.

· Note1: Option a) is revised based on option 3 in 1st round. 

· Note2: RAN1 is discussing the per band combination UE capability of Uu scheduling/configuring SL. Capable means UE has this capability, but it doesn’t mean Uu has to schedule or configure SL.

· Option 3: the band combinations where the Uu schedules/configures SL can be specified and which is agnostic as to the actual service being delivered on Uu and Sidelink interfaces (LGE, Huawei)
· Option b: The simultaneous transmission and reception of sidelink and Uu interfaces where operation is agnostic of the service used on each interface
· Note3: Option b) is option 4 in 1st round. 

· Note4: For TDD synchronous scenario, simultaneous transmission/reception of SL together with Uu DL is not supported according to RAN1 agreement

· Companies views in 2nd round

· Option a: Huawei

· Option b: LGE, Qualcomm, Dish, Vodafone, CATT

For Option a, we have a concern about introducing a text such as ‘Uu is capable of scheduling/configuring SL’ in RAN4 specification since the operational relation between SL and Uu is not within the scope in RAN4. Also, how Uu schedules/configures SL will not have an impact on the RF requirements defined for con-current operation. Compared with Option a, Option b is preferred. For clarification of Note 4 in Option b, TDD synchronous scenario is not considered in R16 in RAN4. Only Uu and SL operating in different bands is allowed in R16, i.e. inter-band con-current operation, thus there is no need to restrict simultaneous transmission for SL together with Uu DL. 
In summary, Option b is preferred as con-current operation definition. 
Proposal 1: Option b is preferred as con-current operation definition.
Another issue that needs to be addressed is the definition of band combination NR V2X SL (at n47) + LTE V2X SL (at B47). The following description about con-current operation is captured from TR 38.886 in section 4:
The expected con-current operation for V2X service support a number of configurations including the following example band combinations: 

1) Inter-band con-current operation:

· NR V2X SL (at n47) + LTE/NR Uu (at licensed bands)
· LTE V2X SL (at B47) + NR Uu (at licensed bands)
· NR V2X SL (at licensed band A) + LTE/NR Uu (at licensed band B)

2) Intra-band con-current operation

·  NR V2X SL (at n47) + LTE V2X SL (at B47): only TDM operation is allowed

·  NR V2X SL (at licensed bands) + NR/LTE V2X Uu (at licensed bands)
According to the discussion of con-current operation definition, the band combination (NR SL+LTE SL) cannot be called as con-current operation since no Uu interface is involved. It is more appropriate to clarify the band combination as EN-V2X operation instead of intra-band con-current operation.

Proposal 2: Band combination of NR V2X SL (at n47) + LTE V2X SL (at B47) can be aligned as intra-band EN-V2X operation instead of intra-band con-current operation.
Another issue about con-current operation is that RF requirements defined for this operation are both included in TS 38.101-1 and 38.101-3. The related operating bands are captured as follows from [2] and [3]:

NR V2X operation is designed to operate con-current with NR uplink/downlink on the operating bands combinations listed in Table 5.2E-2. [2]
Table 5.2E-2 Inter-band con-current V2X operating bands

	V2X con-current operating Band
	NR or V2X Operating Band
	Interface

	V2X_n71-n47
	n71
	Uu

	
	n47
	PC5


NR V2X operation is designed to operate con-current with E-UTRA uplink/downlink on the operating bands combinations listed in Table 5.2E.2-1. [3]
Table 5.2E.2-1: Inter-band con-current V2X operating bands
	E-UTRA-NR V2X Band Combination
	E-UTRA  or NR Band
	Interface

	V2X_20_n38
	20
	Uu

	
	n38
	PC5

	V2X_47_n71
	47
	PC5

	
	n71
	Uu

	V2X_(n) 47_n711
	47
	PC5

	
	n47
	PC5

	
	n71
	Uu

	NOTE 1:
Only single switched SL in ITS band is supported.


It is not necessary to separate the con-current requirements into two specifications. In our understanding, since con-current involves two RAT, Uu and SL, it is more appropriate to include all the requirements related to con-current operation in TS 38.101-3, thus avoiding to refer to two different specifications.

Proposal 3: Include all the con-current requirements for NR V2X to TS 38.101-3.
Switching period and location

Status on switching period position

· Switching period position discussion in 1st round

· Option 1: Switching period is placed at the NR slot (CATT, LGE, OPPO)
· Option 1a: see the proposal of Figure 1+ Figure 2b in R4-2007342 (OPPO)
· Option 2: The whole switching time including switching period as well as transient periods shall be placed at the previous E-UTRA sub-frame or NR slot (Huawei, Futurewei, Qualcomm, vivo)
· [Option 3: Switching period is placed at the last slot/SF of the RAT UE switches from, or placed at the first slot/SF of the RAT UE switches to. Choosing which RAT to place the switching period is up to UE implementation.

· Option 4: Switching period is placed at the first slot/SF of the RAT UE switches to.] Note: new added options in the discussion

· Suggested WF

· Further check if one the option below can be accepted

· Option a: the whole switching time including switching period as well as transient periods are placed at low priority LTE or NR SL service

· Option b: option1a (Figure1+ Figure 2b in R4-2007342)

In Option 1, switching period is always placed in NR slot. The argument for Option1 is that LTE V2X carries the basic safety services therefore it has higher priority. However, NR V2X can also basic safety services as well as advanced services. In this case, LTE V2X may not have higher priority than NR V2X. Also, if the switching period position is always inserted in a NR slot, it may degrade the performance for NR SL transmission a lot. 
Considering different types of services for NR V2X, the switching period can be spit fairly when NR V2X transmits basic safety services for LTE V2X and NR V2X have the same priority; or the switching period can be placed entirely in the NR slot when NR V2X transmits advanced services which are considered lower priority than LTE V2X. Obviously, it involves a judgment when deciding which service has a higher priority which could increase the complexity of UE implementation. And the swithing period is dynamic changing according to UE’s judgment of the priority of LTE V2X and NR V2X. Considering simplifying the UE implementation and comparing priority between LTE V2X and NR V2X constantly, Option 2 is preferred.
In summary, Option2 is preferred. It may strike a balance between complexity and performance.
Proposal 4: Option2 is preferred for switching period position.
Inter-band con-current power class
In the current spec 38.101-3, the default power class PC3 is defined for inter-band con-current operation. And UE configured output power for inter-band V2X are captured as follows:
The configured maximum output power PCMAX c,Uu(p) in subframe p for the configured E-UTRA or NR uplink carrier shall be set within the bounds:

PCMAX_L,c, Uu (p) ≤  PCMAX,c, Uu (p) ≤  PCMAX_H,c, Uu (p)

where PCMAX_L,c,Uu and PCMAX_H,c, Uu are the limits for a serving cell c as specified in subclause 6.2.5 TS 36.101 [4] or 6.2.4 TS 38.101-1 [2].
The configured maximum output power PCMAX c,V2X (q) in slot q for the configured NR or E-UTRA V2X SL carrier shall be set within the bounds:

PCMAX,c,V2X (q) ≤  PCMAX_H,c,V2X (q)

where PCMAX_H,c,V2X is the limit as specified in subclause 6.2C.4 of TS 38.101-1 [2] or 6.2.5G or TS 36.101 [5].
The total UE configured maximum output power PCMAX (p,q) in a subframe p of E-UTRA uplink carrier and a slot q of NR V2X sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) =  PCMAX_L,c,Uu (p)
PCMAX_H (p,q) = 10 log10 [pCMAX_H,c, Uu (p) + pCMAX_H,c,V2X (q)]
where pCMAX_H,c,V2X and pCMAX_H,c,Uu are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,Uu (p) expressed in linear scale.

According to the description of configured output power for inter-band con-current operation, both the configured output power for Uu  andthe configured output power for SL could reach PC3. In this case, the equation of PCMAX_H could exceed PC3, maximum up to PC2 (26 dBm) which violates the maximum output power requirement for inter-band con-current operation.

Observation 1: The configured power class for inter-band con-current operations would exceed 23dBm.
A simple solution is to add a restriction on PCMAX_H for inter-band con-current operation as follows:
PCMAX_H (p,q) = Min{10 log10 [pCMAX_H,c, Uu (p) + pCMAX_H,c,V2X (q)], PPowerclass, con-current}
Where PPowerclass, con-current is the power class defined for con-current operation.
Proposal 5: Add a restriction on PCMAX_H for inter-band con-current operation as follows:

PCMAX_H (p,q) = Min{10 log10 [pCMAX_H,c, Uu (p) + pCMAX_H,c,V2X (q)], PPowerclass, con-current}

where PPowerclass, con-current is the power class defined for con-current operation.
Typically, the implementation of NR V2X UE for inter-band con-current assumes that the Uu and SL are using different modems and separate RF chains. Thus, Uu power is unaware of SL power, in which case there is no dynamic power sharing. If inter-band con-current operation needs to comply with PC3 requirement, that is, power split would be 20dBm for Uu and 20dBm for SL fairly. In practice, neither SL interface nor Uu interface can use PC3, which would degrade the coverage and performance for Uu and SL. It is suggested to introduce PC2 for inter-band con-current operation for better performance in later releases.

3. Conclusion
This contribution discusses remaining issues for con-current operation and UE configured output power for inter-band con-current operation. The following observations and proposals are made:
Proposal 1: Option b is preferred as con-current operation definition.
Proposal 2: Band combination of NR V2X SL (at n47) + LTE V2X SL (at B47) can be aligned as intra-band EN-V2X operation instead of intra-band con-current operation.
Proposal 3: Include all the con-current requirements for NR V2X to TS 38.101-3.
Proposal 4: Option2 is preferred for switching period position.
Observation 1: The configured power class for inter-band con-current operations would exceed 23dBm.
Proposal 5: Add a restriction on PCMAX_H for inter-band con-current operation as follows:

PCMAX_H (p,q) = Min{10 log10 [pCMAX_H,c, Uu (p) + pCMAX_H,c,V2X (q)], PPowerclass, con-current}

where PPowerclass, con-current is the power class defined for con-current operation.
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