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1. Introduction

In the last CT1#105 meeting, the CR to support cross carrier operation [1] and to support mapping of servcie type and carrier frequencies [2] were agreed. Meanwhile, in the RAN2# 99 meeting, the CR to reflect cross carrier operation [3] was agreed. 

· In the section 2, RAN2 agreements in [3] was addressed
· In the section 3.1, the gap between the agreed CT1 CR [1] and RAN2 CR [3] to support cross carrier operation will be analyzed. To align RAN2 agreement, proposals to correct the definition of ‘Not Served by E-UTRAN for V2X communication over PC5’ in [4] will be provided. 

· In the section 3.2, the relationship between procedures releated to decision for whether the UE is served by E-UTRAN and, mapping of service type and carrier frequencies will be anlyzed. Proposals to correct the order of the procedures and to add missing procedures for complete carrier frequency selection will be provided. 

· In the section 3.3, problems for carrier frequency selection and cell/PLMN search will be investigated when the UE is not served by E-UTRAN. Proposals for the carrier frequency selection and cell/PLMN search will be provided to support cross carrier operation and mapping of service type and carrier frequencies when the UE is not served by E-UTRAN.  
2. RAN2 agreements in RAN2 #99 meeting

In RAN2 #99 meeting, the CR was agreed [3] in which the conditon for RRC connection establishment and condition for sidelink UE information for V2X sidelink communication is updated to support cross carrier operation. 

The following changed parts in the agreed CR shows the conditions the UE can request radio resource for V2X communication to network (eNB) by sending SidelinkUEInformation message. The first part is for reception and the second part is for transmission. 

	1>
if SystemInformationBlockType21 including sl-V2X-ConfigCommon is broadcast by the PCell:

2>
ensure having a valid version of SystemInformationBlockType21 for the PCell;

2>
if configured by upper layers to receive V2X sidelink communication on a primary frequency or on one or more frequencies included in v2x-InterFreqInfoList, if included in SystemInformationBlockType21 of the PCell:

3>
if the UE did not transmit a SidelinkUEInformation message since last entering RRC_CONNECTED state; or

3>
if since the last time the UE transmitted a SidelinkUEInformation message the UE connected to a PCell not broadcasting SystemInformationBlockType21 including sl-V2X-ConfigCommon; or

3>
if the last transmission of the SidelinkUEInformation message did not include v2x-CommRxInterestedFreqList; or if the frequency(ies) configured by upper layers to receive V2X sidelink communication on has changed since the last transmission of the SidelinkUEInformation message:

4>
initiate transmission of the SidelinkUEInformation message to indicate the V2X sidelink communication reception frequency(ies) of interest in accordance with 5.10.2.3;

2>
else:

3>
if the last transmission of the SidelinkUEInformation message included v2x-CommRxInterestedFreqList:

4>
initiate transmission of the SidelinkUEInformation message to indicate it is no longer interested in V2X sidelink communication reception in accordance with 5.10.2.3;

2>
if configured by upper layers to transmit V2X sidelink communication on a primary frequency or on one or more frequencies included in v2x-InterFreqInfoList, if included in SystemInformationBlockType21 of the PCell:

3>
if the UE did not transmit a SidelinkUEInformation message since last entering RRC_CONNECTED state; or

3>
if since the last time the UE transmitted a SidelinkUEInformation message the UE connected to a PCell not broadcasting SystemInformationBlockType21 including sl-V2X-ConfigCommon; or

3>
if the last transmission of the SidelinkUEInformation message did not include v2x-CommTxResourceReq; or if the information carried by the v2x-CommTxResourceReq has changed since the last transmission of the SidelinkUEInformation message:

4>
initiate transmission of the SidelinkUEInformation message to indicate the V2X sidelink communication transmission resources required by the UE in accordance with 5.10.2.3;

2>
else:

3>
if the last transmission of the SidelinkUEInformation message included v2x-CommTxResourceReq:

4>
initiate transmission of the SidelinkUEInformation message to indicate it no longer requires V2X sidelink communication transmission resources in accordance with 5.10.2.3;


The conditions in highlighted parts can be divided into two cases as follows:
A. if configured by upper layers to receive/transmit V2X sidelink communication on a primary frequency or 
B. if configured by upper layers to receive/transmit V2X sidelink communication on one or more frequencies included in v2x-InterFreqInfoList, if included in SystemInformationBlockType21 of the PCell:
In A), primary frequency means operating frequency of the E-UTRAN cell the UE camped on. In B), the highlighted part means the carrier frequencies provided by an E-UTRAN cell the UE camped on, via v2X-InterFreqInfoList of SIB 21. From this, the following can be observed.
Observation A: The cell/eNB do not provide radio resources for other than operating frequency and frequencies provided in SIB 21. Thus, the UE can request (transmission/reception) radio resources only for operating frequency or providing frequencies in SIB 21. 

3. Discussion
3.1 Cross carrier operation and RAN2 requirements
In the last CT1 meeting (CT1 #105 meeting), the following change is included in the agreed CR [1].

	6.1.2.1
Initiation

…

If the UE is camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5 as specified in 3GPP TS 36.331 [23], the UE shall request radio resources for V2X communication over PC5 as specified in 3GPP TS 24.334 [4] subclause 10.2.2.


According to observation A), the serving cell in the above situation can only provide radio resources for operating carrier frequency because there is no providing carrier frequencies in SIB 21. It means the UE only can request radio resources for operating carrier frequency.  

Observation 1-1: If the UE is camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5 as specified in 3GPP TS 36.331 [23], the UE can request radio resources only for operating carrier frequency.

The change in suclause 6.1.2.1 can be divided into two cases depending on whether operating the carrier frequency belong to the provisioned carrier frequency that the UE intends to use
· If the UE is camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5 as specified in 3GPP TS 36.331 [23], 
A. an E-UTRAN cell operating on carrier frequency which belong to the provisioned carrier frequency that the UE intends to use, 
B. an E-UTRAN cell operating on carrier frequency  which do not belong to the provisioned carrier frequency that the UE intends to use
According to observation 1-1), the case A) is valid scenario for the UE to be served by E-UTRAN because the serving cell can provide radio resource for operating carrier frequency. However, in the case B), there is no reason for the UE to be served by E-UTRAN because the serving cell will never provide radio resource for other than operating carrier frequency. Thus, in the case B), the UE should be ‘Not served by E-UTRAN for V2X communication over PC5’. 

Proposal 1-1: to align RAN2 agreement, the existing change in subclause 6.1.2.1 is removed. Instead, the following is added in the definition of ‘Not served by E-UTRAN for V2X communication’
· camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, and operating on carrier frequency which do not belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5 
3.2.
Carrier frequency selection and mapping between V2X service and V2X frequency
In [2], it was specified that according to mapping of service type and carrier frequencies, one or more V2X frequencies mapped for service type is provided to lower layers as follows: 

	6.1.2.1
Initiation

The upper layers can request the UE to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5. The request from the upper layers includes:

a)
the V2X message;

b)
the V2X service identifier of the V2X service for the V2X message;

c)
the type of data in the V2X message (IP or non-IP);

d)
if the V2X message contains non-IP data, the V2X message family (see subclause 7.1) of data in the V2X message ; and

e)
the V2X message priority.

Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, the UE shall proceed as follows:
a)
if the following conditions are met:

1)
the UE is served by E-UTRAN for V2X communication;

…

then the UE shall:

1)
if the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in subclause 5.2.4 and there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current the geographical area, pass the one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message to the lower layers;

2)
request radio resources for V2X communication over PC5 as specified in 3GPP TS 24.334 [4] subclause 10.2.2; and

3)
perform transmission of V2X communication over PC5 as specified in subclause 6.1.2.2; and

b)
if the following conditions are met:

1)
the UE is:

A)
not served by E-UTRAN for V2X communication;

…

then the UE shall:

1)
if the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in subclause 5.2.4 and there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current the geographical area, pass the one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message to the lower layers;

2)
select radio resources for V2X communication over PC5 as specified in subclause 6.1.2.3; and

3)
perform transmission of V2X communication over PC5 as specified in subclause 6.1.2.2;


else the UE shall not perform transmission of V2X communication over PC5.




The UE behavior providing the one or more V2X frequencies to lower layers is specified under both cases of Served by E-UTRAN and Not served by E-UTRAN at sublause 6.1.2.1. The UE behavior is performed after the decision for whether the UE is served by E-UTRAN or not.

Observation 2-1: in subclause 6.1.2.1 of TS 24.386, that one or more carrier frequencies mapped with service type is provided to the low layers is performed after the decision for whether the UE is served by E-UTRAN or not.

According to the definition of ‘Not served by E-UTRAN’, the decision for ‘whether the UE is served by E-UTRAN or not’ depends on the carrier frequency the UE intend to use. Thus, the UE-ProSe layer needs to know the carrier frequency the UE intend to use for the decision for whether the UE is served by E-UTRAN or not. 

Observation 2-2: the UE-ProSe layer needs to know ‘the carrier frequency the UE intend to use’ to decide whether the UE is served by E-UTRAN or not.
However, according to the change in [2], the UE-ProSe layer do not know ‘the carrier frequency the UE intend to use’ before the one or more V2X frequencies is provided to lower layers and ‘the carrier frequency the UE intend to use’ is selected in UE-RRC layer. With the change in [2], the UE cannot decide whether served by E-UTRAN or not because ‘the carrier frequency the UE’ intend to use is not given at the decision point. 

Observation 2-3: with the current specification, the UE cannot decide whether served by E-UTRAN or not because ‘the carrier frequency the UE intend to use’ is not given at the decision point.

Thus, the previous change that one or more V2X frequencies mapped with service type is provided to the low layer should be specified before the decision for ‘whether the UE is served by E-UTRAN or not’.
Proposal 2-1: moving the change, ‘the one or more V2X frequencies mapped with service type are provided to the low layer’, to before the UE decides whether is served by E-UTRAN or not.
Additionally, to support observation 2-2), ‘the carrier frequency the UE intend to use’ selected in the UE-RRC layer should be provided to the UE-ProSe layer for the decision for ‘whether the UE is served by E-UTRAN or not’. 

Observation 2-4: ‘the carrier frequency the UE intend to use’ selected in the UE-RRC layer should be provided to the UE-ProSe layer for decision of whether the UE is served by E-UTRAN or not.
The following shows correct sequences between UE-ProSe layer and UE-RRC layer to decide ‘whether the UE is served by E-UTRAN or not’ by considering mapping service type and carrier frequencies. 
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Figure 1. Decision of Not served by E-UTRAN and mapping service type and carrier frequencies
To support observation 2-4), CT1 needs to send LS to RAN2. 
Proposal 2-2: CT1 send LS to RAN2 to ask the UE-RRC layer should inform the UE-ProSe layer of ‘the selected carrier frequency the UE intend to use’. 
Configuration of V2X service identifier to V2X frequency mapping rules is an optional feature, so without the mapping, the UE can perform V2X communication over PC5. However, in [4], it is not specified for the UE NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5. If the UE is NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5, the UE can be configured with radio parameters for the geographical area which can have configuration for one or more carrier frequencies. Thus, even if the UE is NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 but configured with radio parameters for the geographical area, the UE should select ‘the carrier frequency the UE intend to use’ and decide whether the UE is served by E-UTRAN or not. Then, the decision flow (as described in Figure 1) can be applied if the UE the UE is NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 but configured with radio parameters for the geographical area.
Proposal 2-3: if the UE is NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 but configured with radio parameters for the geographical area, for decision of whether the UE is service by E-UTRAN, it is used for the decision flows for the UE configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5.
3.3
UE behaviours when not served by E-UTRAN
In subclause 6.1.2.3 of [4], the selection of radio parameters is specified when the UE is not served by E-UTRAN. The selected radio parameters includes a carrier frequency as well as radio resource in the corresponding carrier frequency.
	6.1.2.3
Procedure for UE to use provisioned radio resources for V2X communication over PC5

When the UE is not served by E-UTRAN, the UE shall select the radio parameters to be used for V2X communication over PC5 as follows:

-
if the UE can determine itself located in a geographical area, and the UE is provisioned with radio parameters for the geographical area, the UE shall select the radio parameters associated with that geographical area; or

-
in all other cases, the UE shall not initiate V2X communication over PC5.




According to observations in section 3.2, ‘the carrier frequency the UE intend to use’ is selected in subclause 6.1.2.1 of [4]. However, when the UE is not served by E-UTRAN, during the selection of radio parameters in subclause 6.1.2.3 of [4], the carrier frequency selection is performed again based on provisioned radio parameters for the geographical area. The carrier frequency selection in subclause 6.1.2.3 of [4] does not consider ‘the selected carrier frequency the UE intend to use’ in subcluase 6.1.2.1 of [4]. 

According to SA2/RAN2 requirements, mapping of service type and carrier frequencies should be supported when the UE is served by E-UTRAN as well as not served by E-UTRAN. However, according current description in subclause 6.1.2.3 of [4], the carrier frequency selected based on the mapping in subclause 6.1.2.1 of [4] is not supported when the UE is ‘Not served by E-UTRAN’. 

Observation 3-1: The mapping of service type and carrier frequencies in subclause 6.1.2.1 is not supported when the UE is not served by E-UTRAN.
Thus, the carrier frequency selection should be performed only once in subclause 6.1.2.1 of [4] and the selected carrier frequency in subclause 6.1.2.1 of [4] should be considered when the UE is not served by E-UTRAN and select radio parameters.

Proposal 3-1: when the UE is not served by E-UTRAN, the UE shall select the radio parameters associated with that geographical area and ‘the carrier frequency the UE intend to use’ selected in subclause 6.1.2.1 of TS 24.386.
In subclause 6.1.2.3 of [4], the highlighted part in below show cell/PLMN search to perform V2X communication over PC5 when the UE is not served by E-UTRAN.
	6.1.2.3
Procedure for UE to use provisioned radio resources for V2X communication over PC5

When the UE is not served by E-UTRAN for V2X communication, the UE shall select the radio parameters to be used for V2X communication over PC5 as follows:

…

NOTE:
If the lower layers find that there exists a cell operating the provisioned radio resources (i.e., carrier frequency), and the cell belongs to the registered PLMN or a PLMN equivalent to the registered PLMN, and the UE is authorized for V2X communication over PC5 in this PLMN, the UE can use the radio parameters indicated by the cell as specified in 3GPP TS 36.331 [23].

-
else if the lower layers report that one or more PLMNs operate in the provisioned radio resources (i.e. carrier frequency) then:



However, after introducing cross-carrier operation (see the definition of ‘Not served by E-UTRAN for V2X communication over PC5 or observation A)), searching cells/PLMNs operating the provisioned radio resources is not valid any more when the UE is not served by E-UTRAN. Instead, the UE have to find a cell/PLMN providing carrier frequencies or operating on carrier frequency which belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use. Thus, the corresponding update needs in [4] and [5].

Observation 3-2: if the UE needs to find a cell/PLMN to perform V2X communication over PC5 when the UE is not served by E-UTRAN, the UE have to find a cell/PLMN providing carrier frequencies or operating on carrier frequency which belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use.
Proposal 3-2: The following is applied to subclause 6.1.2.3 of TS 24.386 and subclause 3.1C of TS 23.122
· The UE should find a cell/PLMN providing carrier frequencies or operating on carrier frequency which belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use if the UE needs to find a cell/PLMN to perform V2X communication over PC5 when the UE is not served by E-UTRAN.
4. Conclusions

Proposals specified in the section 3 are taken on board in CRs as follows:
· C1-174192 take on board the proposal 1-1. 
· C1-174193 take on board the proposal 2-1 and 2-3.
· C1-174194 take on board the proposal 2-2,
· C1-174195 take on board the proposal 3-1 and 3-2 and 
· C1-174196 and C1-174197 take on board the proposal 3-2
Observations and proposals are summarized as follows:

[Cross carrier operation and RAN2 requirements]
	Observation A: The cell/eNB do not provide radio resources for other than operating frequency and frequencies provided in SIB 21. Thus, the UE can request (transmission/reception) radio resources only for operating frequency or providing frequencies in SIB 21. 
Observation 1-1: If the UE is camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5 as specified in 3GPP TS 36.331 [23], the UE can request radio resources only for operating carrier frequency.

Proposal 1-1: to align RAN2 agreement, the existing change in subclause 6.1.2.1 is removed. Instead, the following is added in the definition of ‘Not served by E-UTRAN for V2X communication’

· camped on an E-UTRAN cell indicating that V2X communication over PC5 is supported by the network, and operating on carrier frequency which do not belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use but not broadcasting any carrier frequencies and radio resources for V2X communication over PC5


[Carrier frequency selection and mapping between V2X service and V2X frequency]
	Observation 2-1: in subclause 6.1.2.1 of TS 24.386, that one or more carrier frequencies mapped with service type is provided to the low layers is performed after the decision for whether the UE is served by E-UTRAN or not.

Observation 2-2: the UE-ProSe layer needs to know ‘the carrier frequency the UE intend to use’ to decide whether the UE is served by E-UTRAN or not.

Observation 2-3: with the current specification, the UE cannot decide whether served by E-UTRAN or not because ‘the carrier frequency the UE intend to use’ is not given at the decision point.

Proposal 2-1: moving the change, ‘the one or more V2X frequencies mapped with service type are provided to the low layer’, to before the UE decides whether is served by E-UTRAN or not.

Observation 2-4: ‘the carrier frequency the UE intend to use’ selected in the UE-RRC layer should be provided to the UE-ProSe layer for decision of whether the UE is served by E-UTRAN or not.
Proposal 2-2: CT1 send LS to RAN2 to ask the UE-RRC layer should inform the UE-ProSe layer of ‘the selected carrier frequency the UE intend to use’.

Proposal 2-3: if the UE is NOT configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 but configured with radio parameters for the geographical area, for decision of whether the UE is service by E-UTRAN, it is used for the decision flows for the UE configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5.


[UE behaviours when not served by E-UTRAN]
	Observation 3-1: The mapping of service type and carrier frequencies in subclause 6.1.2.1 is not supported when the UE is not served by E-UTRAN.

Proposal 3-1: when the UE is not served by E-UTRAN, the UE shall select the radio parameters associated with that geographical area and ‘the carrier frequency the UE intend to use’ selected in subclause 6.1.2.1 of TS 24.386.

Observation 3-2: if the UE needs to find a cell/PLMN to perform V2X communication over PC5 when the UE is not served by E-UTRAN, the UE have to find a cell/PLMN providing carrier frequencies or operating on carrier frequency which belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use.

Proposal 3-2: The following is applied to subclause 6.1.2.3 of TS 24.386 and subclause 3.1C of TS 23.122

· The UE should find a cell/PLMN providing carrier frequencies or operating on carrier frequency which belong to the provisioned carrier frequency for V2X communication over PC5 that the UE intends to use if the UE needs to find a cell/PLMN to perform V2X communication over PC5 when the UE is not served by E-UTRAN.
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