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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2 meeting, the following agreements were reached on cross-RAT scheduling.
Agreements on inter-RAT resource allocation: 
1: 	For scheduling LTE SL UEs, the gNB uses RRC messages to deliver the SPS grant configuration.
2:	LTE Uu supports configuration for NR mode-2 operation through RRC signaling and through SIB signaling. However, on demand or per valid area mode-2 configuration via SIB signaling is not supported.

Agreements on inter-RAT resource allocation: 
1: 	New system information block type should be designed to support NR sidelink Tx and Rx resource pool configuration via LTE Uu. New system information will be defined as container (OCTET STRING) and actual information will follow what is defined in NR RRC.
2:	eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling.
3:	NR Sidelink UE information and/or NR UE Assistance information will be transmitted as container (OCTET STRING) and actual information will be defined in NR RRC.
4:	Separate system information block should be designed to support LTE resource pool configuration via NR Uu. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC.
5: 	gNB should be able to configure the LTE V2X mode 4 sidelink resource pool via dedicated signalling. In addition, gNB should be able to configure mode3 SL resources via dedicated signaling. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC.
In RAN1 meeting, it was agreed:
	Agreements:
Regarding RRC-based versus DCI-based activation/release of LTE sidelink SPS, RAN1 agrees to make the choice on the basis of at least:
· Spec impact
· Flexibility
· Performance, including latency
· Implementation complexity
· Timing of the activation/deactivation



This contribution will address the remaining issues of cross-RAT scheduling:
· Activation/release of LTE V2X SPS by gNB;
· Sidelink UE information and UE Assistance information considering two RATs. 
Discussion
Activation/release of LTE V2X SPS
We discuss activation/release of LTE V2X SPS by gNB based on RAN1 agreement.
1) Spec impact
· RRC-based method
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]We agreed “gNB should be able to configure mode3 SL resources via dedicated signaling. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC.”
LTE V2X SPS is performed by the mechanism of RRC plus PDCCH. RRC configures semiPersistSchedIntervalSL, and PDCCH is used to allocate resource, decide start point, and release SPS resource.
There are two options for RRC-based activation/release of LTE V2X SPS by gNB:
· Option 1: introduce RRC configured periodic V2X time-frequency resources in TS36.331 and keep our agreement about “a container (OCTET STRING)” in NR RRC. In this option, NR side doesn’t control LTE V2X at all. NR Uu just forwards LTE RRC information and the LTE RRC information is controlled and generated by the LTE V2X control node in network side.
· Option 2: introduce NR RRC signaling to activate/release LTE V2X SPS besides LTE V2X SPS interval allocation in LTE RRC information which should be included in NR RRC as “a container”. In this option, there are two parts of RRC signaling for one LTE V2X SPS configuration.
Option 2 is inconsistent with RAN2 agreement that a container is used for LTE V2X mode3 SL resource allocation. Then option 1 should be adopted. RRC-based method has impact on LTE RRC spec.
RRC-based method has no impact on RAN1.

· DCI-based method
There are two options for DCI-based method:
· Option 1: gNB uses LTE compatible DCI formats for SPS activation/release and UE can parse the PDCCH to activate/release LTE V2X SPS following current LTE spec; 
· Option 2: gNB sends NR PDCCH signaling for LTE V2X SPS activation/release and UE translates it as LTE way.
In NR RAN1 specs, LTE compatible DCI formats are defined which are DCI format 0-0 (for PUSCH) and DCI format 1_0 (for PDSCH) [1]. The two LTE compatible DCI formats can be used to activate or release SPS [2]. It seems option 1 is possible. However, which option should be adopted depends on RAN1 decision.
From RAN2 aspect, the procedure of activation/release of LTE V2X SPS in higher layer should be captured in LTE spec.
Observation 1: RRC-based activation/release of LTE sidelink SPS has impact on LTE RAN2 spec; DCI-based activation/release of LTE sidelink SPS has impact on NR and/or LTE RAN1 spec.

2) Flexibility
Comparing RRC-based activation/release of LTE sidelink SPS, it is obviously DCI-based method has more flexibility because gNB can activate/release LTE V2X SPS at any SPS occasion without misunderstanding of valid time of activation/release signaling.
Observation 2: DCI-based method is more flexible.

3) Performance, including latency/Timing of the activation/deactivation
We need to consider performance from two aspects: latency and reliability. It was argued DCI-based and RRC-based method have similar latencies; latency requirements of LTE V2X are relax; and NR DL transmission has multiple means (e.g., short slot symbol, mini-slot transmission, etc.) to deliver an RRC message in less time than LTE can deliver DCI [3]. However, they are not true.
Without considering the transmission latency in air interface, the minimal processing delay of RRC reconfiguration is 10ms (Table 12.1-1 in [4]). It is much larger the reduced delay by the means of short slot symbol, mini-slot transmission mentioned in [3]. Meanwhile, the minimal value of semiPersistSchedIntervalSL in LTE is 20ms and the minimal periodicity of V2X traffic deduced from SA1 model is 20ms. The time latency of transmitting plus enforcing RRC signaling is considerable comparing to the V2X traffic periodicity.
DCI-based method can activate/release LTE V2X SPS quickly. If LTE compatible DCI formats are adopted, gNB should send PDCCH for activation/release of LTE V2X on the subframe boundary. But it has little impact on latency.
Another aspect of performance is reliability. RRC signaling has the highest reliability. However, when SPS confirmation MAC CE from UE is introduced, the reliability of DCI-based method is good enough.
Observation 3: DCI-based method has lower latency and enough reliability.

4) Implementation complexity
Generally, RRC-based method has more resource consumption and higher requirement on gNB scheduling algorithm as shown in Figure 1


[bookmark: _Ref7713898]Figure 1 Example of RRC-based and DCI-based methods
However, the actual comparison depends on the service characteristics including periodicity and data volume. If service data always arrives on the same periodicity in a long period (T in Figure 1), RRC-based method and DCI-based method has the similar implementation complexity. Typical LTE V2X services are BSM, CAM, DENM. For these services, it seems no big difference on implementation complexity.
Observation 4: For typical LTE V2X services, no big difference between DCI-based and RRC-based methods.

The comparisons between DCI-based and RRC-based activation/release of LTE V2X SPS are summarized in Table 1. Based on the comparison, DCI-based activation/release of LTE V2X SPS by gNB should be adopted.

[bookmark: _Ref7714273]Table 1 Comparison between DCI-based and RRC-based activation/release of LTE V2X SPS
	
	DCI-based activation/release of LTE V2X SPS
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]RRC-based activation/release of LTE V2X SPS

	Spec impact
	RAN1: decided by RAN1
RAN2: no
	RAN1: no
RAN2: RRC-based periodic SL resource allocation should be introduced in LTE spec.

	Flexibility
	High
	Lower

	Latency
	Low
	High

	Reliability
	High
	High

	Complexity
	-
	-


[bookmark: _Ref7370728]Proposal 1: DCI-based activation/release of LTE V2X SPS by gNB should be adopted.

Transmission of Sidelink UE information and UE Assistance information
We agreed that “NR Sidelink UE information and/or NR UE Assistance information will be transmitted as container (OCTET STRING) and actual information will be defined in NR RRC.” This agreement is applicable to LTE Uu + NR SL.
From LTE V2X aspect, we don’t want NR side touch LTE V2X configuration. So it is better to transmit LTE Sidelink UE information and/or LTE UE Assistance information as container (OCTET STRING) and actual information follows what defined in LTE RRC in NR Uu.
However, LTE V2X and NR V2X can happen together with NR Uu. If UE can support LTE V2X and NR V2X service simultaneously, how does UE report UE Assistance information and receive Sidelink UE information in NR Uu?
Since we need to design the RRC signaling of NR Sidelink UE information and NR UE Assistance information from scratch, we can design as the way that LTE Sidelink UE information and NR Sidelink UE information can be transmitted in one RRC message; and LTE UE Assistance information and NR UE Assistance information can be transmitted in one RRC message. So gNB can control LTE/NR V2X in a more efficient way.
[bookmark: _Ref7370731]Proposal 2: LTE Sidelink UE information and/or LTE UE Assistance information will be transmitted as container (OCTET STRING)  in NR Uu, and the actual information follows what were defined in LTE RRC.
[bookmark: _Ref7370735]Proposal 3: Design NR RRC signalling to ensure LTE Sidelink UE information and NR Sidelink UE information can be transmitted in one RRC message.
[bookmark: _Ref7370740][bookmark: _Ref7714554]Proposal 4: Design NR RRC signalling to ensure that LTE UE Assistance information and NR UE Assistance information can be transmitted in one RRC message.
Conclusion
This contribution discusses cross-RAT scheduling and provides below proposals.
Proposal 1: DCI-based activation/release of LTE V2X SPS by gNB should be adopted.
Proposal 2: LTE Sidelink UE information and/or LTE UE Assistance information will be transmitted as container (OCTET STRING)  in NR Uu, and the actual information follows what were defined in LTE RRC.
Proposal 3: Design NR RRC signalling to ensure LTE Sidelink UE information and NR Sidelink UE information can be transmitted in one RRC message.
Proposal 4: Design NR RRC signalling to ensure that LTE UE Assistance information and NR UE Assistance information can be transmitted in one RRC message.
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