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Introduction
In RAN1#85 meeting, a WF on cross carrier scheduling in PC5-based V2V [1] was agreed:
Agreements
	Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1
In this contribution, we would look into more details about RAN2 related cross carrier issues.
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Problem
[bookmark: _Toc463008097]Transmission of V2X sidelink communication is described in [2]:
-------------------------------------------------------- from 36.331 start ----------------------------------------------------------------
A UE capable of V2X sidelink communication that is configured by upper layers to transmit V2X sidelink communication and has related data to be transmitted shall:
1>	if the conditions for sidelink operation as defined in 5.10.1d are met:
2>	if in coverage on the frequency used for V2X sidelink communication as defined in TS 36.304 [4, 11.4]; or
2>	if the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21:
3>	if the UE is in RRC_CONNECTED:
…
3>	else (i.e. V2X sidelink communication in RRC_IDLE or on cell other than PCell in RRC_CONNECTED):
4>	if the cell chosen for V2X sidelink communication transmission broadcasts SystemInformationBlockType21:
5>	if SystemInformationBlockType21 includes v2x-CommTxPoolNormalCommon in sl-V2X-ConfigCommon:
…
5>	else if SystemInformationBlockType21 includes v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon:
…
2>	else (i.e. out of coverage on sidelink carrier):
-------------------------------------------------------- from 36.331 end ----------------------------------------------------------------
As shown in the highlight, there is only “if” without “else”. That is, the cell used to transmit V2X sidelink communication should be able to transmit SIB21 and UE in RRC_IDLE could only use v2x-CommTxPoolNormalCommon / v2x-CommTxPoolExceptional broadcasted in SIB21 to transmit V2X sidelink communication.
Observation 1 The cell used to transmit V2X sidelink communication should be able to broadcast SIB21.
It also means:
Observation 2 Uu (on which SIB21 is broadcasted) and PC5 (on which V2X sidelink communication is performed) should use the same carrier.
But here are some concerns for this case:
· In mode 4, the most serious problem is the interference from V2X sidelink communication to the cellular UEs around when Uu carrier is shared with V2X sidelink. When a UE served by cellular cell enters into the area of V2X sidelink, its uplink transmission would be interfered by V2X sidelink communication on the same carrier. To avoid the interference, the eNB may perform PC5 power control. However it would lead to another problem that is the V2X power restriction. And the final result is the shorter communication range between the two vehicles which is not what we expected.
· In mode 3, the coexistence of V2X sidelink communication and Uu based configuration/reporting would make UE behaviour complicate. Consider the case that the UE’s measurement report is triggered and at the same time the UE upper layer generates a V2X message waiting for transmission. If Uu carrier is shared with sidelink, the UE have to process the two things one by one. This means the eNB may schedule V2X sidelink communication on a portion of time instead of all the time thus the capacity performance of V2X sidelink may be decreased. 
In the scenario that Uu and PC5 using different carriers, the above mentioned issues may not exist. All the control information of sidelink produced by eNB can be transmitted through different carrier from the PC5. Therefore, for the sake of performance of both links, cross-carrier operation may be consiered by some operators. 
Observation 3 Some operators may not deploy V2X eNB.
Taking the above three observations into consideration, we have the following proposal:
Proposal 1  V2X sidelink communication configuration related system information of a specific frequency could be transmitted by another frequency. 
Solution
Broadcast V2X sidelink communication configuration related system information of a specific frequency by another frequency can be achieved using the following three methods:
1. including reception/transmission/exceptional resource pools of neighboring frequencies in SIB21
Currently SIB21 only indicates synchronization and resource allocation configurations of neighboring frequencies for V2X sidelink communication in v2x-InterFreqInfoList. It does not include reception & transmission resource pools and thus the UE could not receive/transmit on these neighboring V2X frequencies. Therefore one solution is to include these resource pools of neighboring frequencies in SIB21 (more precisely, v2x-InterFreqInfoList).
SystemInformationBlockType21 information element
-- ASN1START

SystemInformationBlockType21-r14 ::= SEQUENCE {
	sl-V2X-ConfigCommon-r14			SL-V2X-ConfigCommon-r14			OPTIONAL,	-- Need OR
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

SL-V2X-ConfigCommon-r14 ::=		SEQUENCE {
[bookmark: OLE_LINK195][bookmark: OLE_LINK194]	v2x-CommRxPool-r14					SL-CommRxPoolListV2X-r14			OPTIONAL,	-- Need OR
	v2x-CommTxPoolNormalCommon-r14		SL-CommTxPoolListV2X-r14			OPTIONAL,	-- Need OR
	v2x-CommTxPoolExceptional-r14		SL-CommResourcePoolV2X-r14			OPTIONAL,	-- Need OR
[bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK338][bookmark: OLE_LINK166][bookmark: OLE_LINK167]	v2x-SyncConfig-r14					SL-SyncConfigListV2X-r14			OPTIONAL,	-- Need OR
[bookmark: OLE_LINK184][bookmark: OLE_LINK183][bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK219][bookmark: OLE_LINK369][bookmark: OLE_LINK368][bookmark: OLE_LINK343][bookmark: OLE_LINK342]	v2x-InterFreqInfoList-r14			SL-InterFreqInfoListV2X-r14			OPTIONAL,	-- Need OR
	v2x-ResourceSelectionConfig-r14			SL-CommTxPoolSensingConfig-r14		OPTIONAL,	-- Need OR
	zoneConfig-r14						SL-ZoneConfig-r14					OPTIONAL	-- Need OR
}
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	…
}
-- ASN1STOP
2. introduce a new SIBx to provide neighboring frequencies’ reception/ transmission/ exceptional resource pools
This method provides different choices for different operators. For operators which deployed V2X eNBs, the existing SIB21 can be used to indicate UEs the V2X configuration. While for the operators having no V2X eNBs, the new SIBx could be applied to indicate UEs such information.
3. including frequency information in SIB21
Currently, SIB21 does not specify the frequency information and thus by default Uu and PC5 should use the same carriers. If frequency information is introduced in SIB21, cross-carrier configuration would be possible. 
Proposal 2  RAN2 discuss the possibilities of the three solutions.
Conclusions
In this work, we have discussed RAN2 related cross carrier issues and have the following recommendations:
Observation 1 The cell used to transmit V2X sidelink communication should be able to broadcast SIB21.
Observation 2 Uu (on which SIB21 is broadcasted) and PC5 (on which V2X sidelink communication is performed) should use the same carrier.
Observation 3 Some operators may not deploy V2X eNB.
Proposal 1  V2X sidelink communication configuration related system information of a specific frequency could be transmitted by another frequency. 
Proposal 2  RAN2 discuss the possibilities of the three solutions.
1. including reception/transmission/exceptional resource pools of neighboring frequencies in SIB21
2. introduce a new SIBx to provide neighboring frequencies’ reception/ transmission/ exceptional resource pools
3. including frequency information in SIB21
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