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1.
Introduction
RAN2 has identified an issue in its LS (S2-171663/ R2-1702383) on the definition of "Not served by E-UTRAN". In case of cross-carrier operation, a UE may be instructed by its serving cell to perform V2X communication over a different carrier, e.g. out of coverage carrier. In this case, the UE should be still considered "served by E-UTRAN". 

Thus, SA2 agreed to add the following NOTE in TS 23.285 to support cross-carrier operation in V2X communication (S2-172304) and sent LS to inform CT1 of it (C1-171589)
NOTE 2:
When cross-carrier operation is supported, according to TS 36.331 [9], a UE can be instructed by its serving cell to perform V2X communication over a different carrier frequency. The UE is still considered as "served by E-UTRAN" in this case. 

Observation 1: in cross-carrier operation, a serving cell can instruct the UE to perform V2X communication over a different carrier frequency.
2.
Background
In TS 24.386, the definition of ‘Not Served by E-UTRAN’ refer to TS 24.334. The definition of ‘Not served by E-UTRAN’ in TS 24.334 is as follows:

	Not served by E-UTRAN:  the UE is either:
-
outside of E-UTRAN coverage;

-
within E-UTRAN coverage but not camped on any cell;

-
within E-UTRAN coverage but camped on a non-E-UTRAN cell; or 

-
camped on an E-UTRAN cell not operating on the carrier frequency provisioned for ProSe direct service.


This last case can be a potential part impacted by cross-carrier scheduling. 

During ProSe work, there was a discussion about how to capture frequency handover scenario in RAN2. The UE behavior to support the scenario is specified in subcluase 10.2.1 of TS 24.334 as follows:
If the UE is camped on an E-UTRAN cell not operating on the carrier frequency provisioned for ProSe direct communication which indicates that ProSe direct communication is supported by the network, the UE can perform either ProSe direct communication procedures specified in subclause 10.2.2 or ProSe direct communication procedures specified in subclause 10.2.3.

On the above, the UE camped on an E-UTRAN cell NOT operating the carrier freuquency provisioned for ProSe direct communication which provides empty SIB 18 which does not inculde ProSe resource in SIB 21. 
When the UE camped on the cell, the UE can perform either

1. operation for ‘Served by E-UTRAN’ or 
· the UE perform Service Request procedure if in EMM-IDLE mode. When entering EMM-CONNECTED mode, the cell can make the UE to perform handover to carrier freuquency provisioned for ProSe direct communication

2. operation for ‘Not served by E-UTRAN’

· the UE selects the carrier frequency provisioned for ProSe direct service and can perform V2X communication on the selected carrier frequency if it does not cause interference.

Observation 2: the UE can consider either ‘Served by E-UTRAN’ or ‘Not Served by E-UTRAN’ if the UE is camped on an E-UTRAN cell not operating on the carrier frequency provisioned for ProSe direct communication which indicates that ProSe direct communication is supported by the network.
At that time, CT1 decided not to change the definition of ‘Not served by E-UTRAN’ because it is difficult to merge the exceptional case with existing definition of ‘Not Served by E-UTRAN’.  
Observation 3: in ProSe, the case to support frequency handover is considered as exceptional. The UE operation to support the case is specified in procedure text and CT1 decided not to change the definition of ‘Not served by E-UTRAN’.
3. Proposal
When coming to V2X from ProSe, several features are changed. One of examples is that in V2X communication over PC5, multiple carrier frequencies can be provisioned per one geographic area while only one carrier frequency is provisioned for ProSe direct service per one geographic area. Thus, the UE can perform V2X communication over PC5 over more than one carrier frequency per geographic area. 

Additionally, cross-carrier operation is introduced. For cross-carrier scheduling, the following two cases with respect to the cell operation can be considered as follows:
1. The cell provides empty SIB 21 (i.e. the cell does not provide any V2X resource in SIB 21). 

2. The cell provides SIB 21 with resource pools for different carrier frequencies

In the case 1), it can be divided into two sub-cases according to operating carrier frequency as follows:
1. An E-UTRAN cell provides empty SIB 21 (i.e. the cell does not provide any V2X resource in SIB 21) 

A. The cell is NOT operating the carrier freuquency provisioned

B. The cell is operating the carrier freuquency provisioned

In the case 2), it can be divided into several cases depending on operating carrier frequency of the serving cell and carrier frequency provided by the serving cell. (i.e. whether the carrier frequency the cell is operating on is provisioned in the UE and whether the cell provides carrier frequency provisioned in the UE)

2. An E-UTRAN cell provides SIB 21 with resource pools for different carrier frequencies. 
A. The cell is NOT operating the carrier freuquency provisioned

i. More than one of carrier frequency provided in SIB 21 is provisioned in the UE

ii. None of the carrier frequency provided in SIB 21 is NOT provisioned in the UE
B. The cell is operating the carrier freuquency provisioned

i. More than one carrier frequency provided in SIB 21 is provisioned in the UE

ii. None of the carrier frequency provided in SIB 21 is NOT provisioned in the UE

There are several cases which may provides potential impacts in the existing definition of ‘Not served by E-UTRAN’ especially in the case ‘camped on an E-UTRAN cell not operating on the carrier frequency provisioned for V2X communication over PC5’. However, as it can be seen in observation 2 and observation 3, in ProSe work, reflecting the exceptional case in the existing definition of ‘Not Served by E-UTRAN’ was difficult work. Thus, procedure text is used for capturing the exceptional cace. Additionally, for the case of V2X communication, when considering new features (e.g., multiple carrier frequencies can be provisioned and cross-carrier scheduling needs to be supported), it becomes more complicated. Thus, we’d like to propose to keep existing definition of ‘Not Served by E-UTRAN’ and provide the UE operations to support exceptional case as what CT1 did in ProSe
Proposal 1: CT1 decide not to change existing definition of ‘Not served by E-UTRAN’ and provide the UE operation to support exceptional case as what CT1 did in ProSe. 
Case 1-A) is same with the case to support inter-frequency handover in ProSe. Thus, we’d like to propose the UE operation for this case is aligned with the case to support interfrequency handover in ProSe. That means in that case, the UE shall perform either operation in ‘Served by E-UTRAN’ or ‘Not Served by E-UTRAN’
Proposal 2: If the UE is camped on an E-UTRAN cell not operating on the carrier frequency provisioned for V2X communication over PC5 and not providing any resources for V2X communication over PC5, the UE can perform either procedures for V2X communication over PC5 specified in subclause 6.1.2.2 or procedures for V2X communication over PC5 specified in subclause 6.1.2.3. 
In 1-B), this is typical legacy operation, the UE shall consider it as ‘served by E-UTRAN’ and perform corresponding legacy behavior. The serving cell can provide dedicated resource (or resource pool) to the UE when the UE in EMM-CONNECTED mode. 
Case 2) is new scenario generated by cross-carrier scheduling in V2X communication over PC5 which not exist in ProSe. 
In 2-A-ii) and 2-B-ii), the serving cell provides carrier frequencies but the none of carrier frequency is provisioned for V2X communication over PC5. Then, the UE should be allowed to find the antother cell operating on provisioned carrier frequency. In order to do, the UE should consider the cases (2-A-ii) and 2-B-ii)) as ‘Not served by E-UTRAN’. The UE operation is common for 2-A-ii) and 2-B-ii). It means this UE operation does not depends on whether or not the serving cell is operating carrier frequency provisioned for V2X communication over PC5. 
Proposal 3: If the UE is camped on an E-UTRAN cell providing carrier frequencies for V2X communication over PC5 but none of the carrier frequencies are provisioned for V2X communication over PC5, the UE shall perform procedures for V2X communication over PC5 specified in subclause 6.1.2.3.
In 2-A-i) and 2-B-i), the serving cell provides carrier frequencies where more than one carrier frequencies provisioned for V2X communication over PC5 in v2x-InterFreqInfoList. 
In this case, two kinds of UE operation can be considered. 
1. The UE select a carrier frequency among the carrier frequencies provisioned for V2X communication over PC5 and search the cell operating on the selected carrier frequency. If the UE find the cell operating on the carrier frequency, the UE can perform V2X communication over PC5 on the cell. 
2. The UE perform procedures for V2X communication over PC5 specified in subclause 6.1.2.3 (‘Not Served by E-UTRAN’)

According to RAN2 specification, there is no requirement to mandate the UE to perform V2X communication on specific carrier frequency. Thus, the UE can perform either 1) or 2). That can be UE implementation. 
In the case 1), further the case when the UE cannot find the cell operating on the selected carrier frequency can be considered. However, it can be UE implementation as well. Thus, it is not specified in TS 24.386.
Proposal 4: If the UE is camped on an E-UTRAN cell providing carrier frequencies for V2X communication over PC5 and more than one among the carrier frequencies are provisioned for V2X communication over PC5, the UE shall either select a carrier frequency among the provisioned carrier frequencies provided by the cell and then, search the cell operating on the selected carrier frequency or perform procedures for V2X communication over PC5 specified in subclause 6.1.2.3. In the former case, if the UE find the cell operating on the selected carrier frequency, the UE can perform V2X communication over PC5 on the cell.
4. Conclusion
Observation 1: in cross-carrier operation, a serving cell can instruct the UE to perform V2X communication over a different carrier frequency.
Observation 2: the UE can consider either ‘Served by E-UTRAN’ or ‘Not Served by E-UTRAN’ if the UE is camped on an E-UTRAN cell not operating on the carrier frequency provisioned for ProSe direct communication which indicates that ProSe direct communication is supported by the network.
Observation 3: in ProSe, the case to support frequency handover is considered as exceptional. The UE operation to support the case is specified in procedure text and CT1 decided not to change the definition of ‘Not served by E-UTRAN’.
Proposal 1: CT1 decide not to change existing definition of ‘Not served by E-UTRAN’ and provide the UE operation to support exceptional case as what CT1 did in ProSe. 
Proposal 2: If the UE is camped on an E-UTRAN cell not operating on the carrier frequency provisioned for V2X communication over PC5 and not providing any resources for V2X communication over PC5, the UE can perform either procedures for V2X communication over PC5 specified in subclause 6.1.2.2 or procedures for V2X communication over PC5 specified in subclause 6.1.2.3. 
Proposal 3: If the UE is camped on an E-UTRAN cell providing carrier frequencies for V2X communication over PC5 but none of the carrier frequencies are provisioned for V2X communication over PC5, the UE shall perform procedures for V2X communication over PC5 specified in subclause 6.1.2.3.
Proposal 4: If the UE is camped on an E-UTRAN cell providing carrier frequencies for V2X communication over PC5 and more than one among the carrier frequencies are provisioned for V2X communication over PC5, the UE shall either select a carrier frequency among the provisioned carrier frequencies provided by the cell and then, search the cell operating on the selected carrier frequency or perform procedures for V2X communication over PC5 specified in subclause 6.1.2.3. In the former case, if the UE find the cell operating on the selected carrier frequency, the UE can perform V2X communication over PC5 on the cell.
