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1	Introduction
During the RAN2#105 meeting, companies have discussed the handling of SL transmission in MR-DC scenario and the following agreement has been made:
Agreements on resource allocation/configuration:
1-11: SN is not allowed to control/configure SL resources in MRDC.

However, the case of how the SL transmissions are handled during handover in NR is still not clear. For this reason, in this contribution we address the SL configuration and resource coordination during HO between NG-RAN nodes. In doing this, we analyse the possible coordination needed between the source and target NG-RAN node in order to guarantee regular SL operations and no degradation of the performance.
On top of this, even if this agreement states that no SL configuration and control can be done over the SRB3 by the SN, it is still not clear whether the SN can configure the SL UE (indirectly) via the MN over the SRB1. The scope of this contribution is, indeed, also to clarify such issue because there may be use cases where a coordination between the MN and SN is needed in order to guarantee regular SL operations under MR-DC scenarios.
[bookmark: _Ref178064866]2	Discussion
2.1	Handling of SL during HO in NR
In NR Uu, intra-NR and inter-RAT mobility generally involve a coordination between the source and target NG-RAN node. Such a coordination is done by using messages exchanged via the X2/Xn signalling and require explicit RRC signalling to be triggered, i.e., handover request. As an example, the inter-gNB handover is illustrated in Figure 1.


Figure 1 - Inter-gNB handover procedure
During this procedure, the source gNB send a HANDOVER REQUEST message via X2/Xn signaling to the target gNB that reply in a later moment with a HANDOVER REQUEST ACKNOWLEDGE message. Further, one of the important information that is exchanged (i.e., within the Handover Request message) is the UE context information that allows the NG-RAN node, where the UE RRC Connection has been requested to be established, to know all the relevant information of the new UE, but also enables the old NG-RAN node to forward an RRC message to the UE via the new NG-RAN node without context transfer. The UE context information, indeed, is a block of information associated to one active UE that generally contains the necessary information required to maintain the network services towards the active UE and to allocate correctly the radio resources by the target NG-RAN node. 
[bookmark: _Toc21004662]In NR Uu, during the handover procedure the UE context is exchanged from the source to the target NG-RAN node in order to maintain the network services towards the active UE and to allocate correctly the radio resources by the target NG-RAN node.
When considering SL transmission during handover procedures in NR Uu, at the moment how SL should be handled has not been discussed so far. In fact, according to the current specification, when an handover is performed the SL transmission needs to be release (or transmission mode needs to be changed) since the target gNB is not aware of the ongoing SL transmission and the SL configuration (and radio resources) previously configured by the source NG-RAN node may be node valid anymore. This of course implies a SL connectivity interruption and an additional signalling overhead due to the fact that the target NG-RAN needs to configure a new SL transmission.
[bookmark: _Toc21004663]According to current specification, during a handover in NR, since no SL UE context is exchanged between the source and target NG-RAN node, the SL connectivity needs to be release with a consequent connectivity interruption.
In order to avoid such problem, a straightforward solution would be to follow the LTE/NR Uu principles and to allow the source gNB to forward the SL UE context to the target gNB. The benefits of this solution are primarily that the target NG-RAN can allocate in a more efficient way the SL radio resource for the upcoming UE, but also that may guarantee the network services towards without forcing the UE to release the SL transmission. Therefore, we propose:
[bookmark: _Toc21004669]During handover, the SL UE context information is sent from the source NG-RAN to the target NG-RAN node. 
However, there is still an open question about how the SL UE context information exchange should happen. Looking at the content of the HANDOVER REQUEST message in 3GPP TS 38.423 [1], it includes the following fields:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID
9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information
9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition, the source side QoS flow  DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	–
	



An important field of the UE context information structure contained in the HANDOVER REQUEST message is the RRC Context. As a matter of fact, this field is just a container that carries the entire HandoverPreparationInformation message as defined LTE or NR RRC specification (i.e., 3GPP TS 36.331 [3] for LTE and 3GPP TS 38.331 [2] for NR) depending the RAT of the target NG-RAN node. In particular, this RRC message is used to transfer relevant information for the target NG-RAN node such as UE capability information, the radio resource configuration as used in the source cell, relevant RRC configurations, and available measurements.
[bookmark: _Toc21004664]The HandoverPreparationInformation message generated by the RRC is used to transfer the relevant information for the target NG-RAN node such as UE capability information, the radio resource configuration as used in the source cell, relevant RRC configurations, and available measurements.
[bookmark: _Toc21004665]The HandoverPreparationInformation message is embedded in a container within the HANDOVER REQUEST message in the X2/Xn signalling.
According to this, would be good to apply the same principle also for the SL UE context information and thus adding all the relevant SL information that may be useful at the target NG-RAN node within the HandoverPreparationInformation message as defined in TS 3GPP 38.331 [2]. Therefore, we propose:
[bookmark: _Toc21004670]During handover, the SL UE context information is exchanged via inter-node RRC messages (i.e., within the HandoverPreparationInformation message). FFS what information to include in the SL UE context information.
Once the target NG-RAN node is aware of the SL UE context information, it can reserve radio resource accordingly and can generate (or just re-use) a SL configuration to be forwarded to the UE in order to guarantee the SL session continuity. In order to do so, a possible solution would be to allow the target NG-RAN node to forward the decided SL configuration and radio resource scheduling via the HandoverCommand message as defined in the 3GPP TS 38.331 [2]. The HandoverCommand message is then embedded into the HANDOVER REQUEST ACKNOWLEDGE (i.e., similarly as we have for the HandoverPreparationInformation embedded into the HANDOVER REQUEST) via the X2/Xn interface. Thus:
[bookmark: _Toc21004671]During handover, the SL configuration and radio resource scheduling decided by the target NG-RAN node are sent to the source NG-RAN node via inter-node RRC messages (i.e., within the HandoverCommand message).

2.2	Handling of SL in MR-DC scenarios
2.2.1	SL configuration handling
According to the agreements taken for SL configuration in MR-DC scenario, it is clear that the SN cannot interact directly (i.e., over SRB3) to provide SL resources or configuration to the SL UE. However, this does not prevent the SN to coordinate with the MN in providing SL resources or configuration (i.e., in this case is always the MN to interact with the SL UE). 
It is worth noticing that cross RAT sidelink configuration has been agreed in RAN1 but with limited support. In fact, when MR-DC is activated and/or the MN changes (i.e., in case MR-DC is already active), the UE has two possible way forward. In the first one, the SL ongoing operations are switched to a new RAT or, as a second option, limited SL configuration for on-going services are accepted if the MN is operation on a RAT that is different from that one of SL. As an example, let’s assume there is a UE that is running sensor sharing using NR SL mode-1 and, at some point, EN-DC is activated (i.e., the NR cell where the SL is operating is added as an SN). When this UE enters in EN-DC, the MN (that is LTE) is able to provide only limited NR SL configuration (and resources). In this case, the UE may either switch to LTE SL for sensor sharing, if applicable, or accept limited NR SL configuration. However, it is evident that whatever is decision made by the UE, there is a degradation of the SL ongoing services (e.g., degradation of service continuity and QoS performance).
[bookmark: _Toc16773224][bookmark: _Toc21004666]When the cell on which the SL is operating is added as an SN (i.e., MR-DC is enabled), the UE may incur in a degradation of the SL ongoing service since it has to switch the SL operations over the MN (with limited SL resources) or change the RAT on which SL is operating (i.e., same RAT as the MN). 
A possible solution to overcome this problem would be to allow the SN to configure the SL transmission, in case the RAT of the SN is the same as that one of SL, and then forward all the relevant SL configurations to the UE via the MN (i.e., over the SRB1). This would be still in line with the agreements taken so fare by RAN1 and RAN2 since the MN is the only node able to exchange the RRC messages with the UE even if the SL transmission has been scheduled by the SN. The benefit for adopting this solution would be that mode-1 (in NR) and mode-3 (in LTE) SL configuration is allowed to be done by the node that is operating on the same RAT of SL without necessarily forcing the UE to switch to a new RAT or transmission mode. In this way, degradation of SL service continuity and QoS performance may be avoided. Therefore, we propose:
[bookmark: _Toc16773219][bookmark: _Toc21004672]In MR-DC, the SN is allowed to configure SL transmissions, in case SL is operating on the same RAT, and then to forward all the relevant SL configurations to the UE via the MN (i.e., over SRB1).
A further problem that it may happen when there are SL operations in a MR-DC scenario is that the UE may not be able to perform any SL transmission due to the dual connectivity active on the UL (i.e., over the MN and SN) and the limited number of UE Tx chains supported. 
[bookmark: _Toc16773225][bookmark: _Toc21004667]In MR-DC, the UE may not be able to perform any SL transmission due to the dual connectivity active on the UL (i.e., over the MN and SN) and the limited number of UE Tx chains supported.
In such a case, it would be beneficial to define a prioritization rule to clarify how the SL and UL transmission should be handled in case of MR-DC. According to this, we propose:
[bookmark: _Toc16773220][bookmark: _Toc21004673]RAN2 to discuss a prioritization rule to be applied in case of simultaneous SL and UL (i.e., towards the MN and SN) transmissions in MR-DC scenarios.

2.2.2	SL resource coordination handling
In Rel-14 and Rel-15 LTE V2X, it was assumed that eNB could obtain the inter-cell SL resource pool configuration directly from OAM. However, OAM generally manages the RAN nodes of one PLMN, and may not be aware of the SL resource configuration of the neighbouring nodes of another PLMN. Besides, in MR-DC scenario, it is possible to have two RAN nodes managed by different OAM systems; as well as in CU/DU split scenario, where a gNB-DU and a gNB-CU of the same gNB can be managed by different OAM systems. Therefore, the OAM-based solution is not suitable for supporting the NR V2X SL operation.
[bookmark: _Toc16773226][bookmark: _Toc21004668]The OAM configuration-based scheme is not suitable for cross-RAT sidelink resource scheduling.
This problem is quite similar to that one described in Section 2.1 regarding the handling on the SL configuration in MR-DC. In fact, here we can also apply the principle that the SN may schedule resources for SL via the MN, only for the case where the SL UE is operating on the same RAT of the SN. The reason in this case is to limit interference and wrong scheduling of resources between nodes, i.e., the SN does not schedule SL/Uu on resources which are already used for SL by the MN.
If this is the case, the MN and SN need to coordinate each other by exchanging SL resource information via inter-node signalling. This coordination over inter-node signalling may involve the intended resource allocation for the SL UE, and/or additional SL-specific information e.g., V2X Service Authorization. Thus:
[bookmark: _Toc16773221][bookmark: _Toc21004674]In MR-DC, SL resource coordination between the SN and MN is supported and the SN can schedule SL resources via the MN only if the SL UE is operating on the same RAT.

2.2.3	Inter-node MN and SN coordination
If the SN is allowed to configure SL transmissions and schedule SL resources (i.e., operating on the same RAT) via the MN, would be good to clarify how to enable the coordination between the MN and SN. Looking at the NR Uu case, the coordination between MN and SN for configurations and resource scheduling purposes is done via two different approach. When talking about resource coordination, this is typically done with messages exchanges via the X2/Xn signalling (e.g., via resource coordination request and response messages described in clause 9.1.2.23 and 9.1.2.23 of 3GPP TS 38.423 [1]). Therefore, we propose:
[bookmark: _Toc16773222][bookmark: _Toc21004675]In MR-DC, the MN-SN coordination for SL resource coordination purposes is done via X2/Xn signalling.
When it comes to MN-SN coordination for configuration purposes, this in NR Uu is generally done via inter-node RRC signalling [2]. In fact, inter-node RRC messages (e.g., CG-Config or CG-ConfigInfo) generally include all UE-specific information and configuration that need to be exchanged between the MN and SN. According to this, we believe the same principle can be applied for the case where SL configurations need to be exchanged in MR-DC scenarios. Thus:
[bookmark: _Toc16773223][bookmark: _Toc21004676]In MR-DC, the MN-SN coordination for SL configuration purposes is done via inter-node RRC messages (e.g., CG-Config or CG-ConfigInfo messages).
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	In NR Uu, during the handover procedure the UE context is exchanged from the source to the target NG-RAN node in order to maintain the network services towards the active UE and to allocate correctly the radio resources by the target NG-RAN node.
Observation 2	According to current specification, during a handover in NR, since no SL UE context is exchanged between the source and target NG-RAN node, the SL connectivity needs to be release with a consequent connectivity interruption.
Observation 3	The HandoverPreparationInformation message generated by the RRC is used to transfer the relevant information for the target NG-RAN node such as UE capability information, the radio resource configuration as used in the source cell, relevant RRC configurations, and available measurements.
Observation 4	The HandoverPreparationInformation message is embedded in a container within the HANDOVER REQUEST message in the X2/Xn signalling.
Observation 5	When the cell on which the SL is operating is added as an SN (i.e., MR-DC is enabled), the UE may incur in a degradation of the SL ongoing service since it has to switch the SL operations over the MN (with limited SL resources) or change the RAT on which SL is operating (i.e., same RAT as the MN).
Observation 6	In MR-DC, the UE may not be able to perform any SL transmission due to the dual connectivity active on the UL (i.e., over the MN and SN) and the limited number of UE Tx chains supported.
Observation 7	The OAM configuration-based scheme is not suitable for cross-RAT sidelink resource scheduling.

Based on the discussion in the previous sections we propose the following:
Proposal 1	During handover, the SL UE context information is sent from the source NG-RAN to the target NG-RAN node.
Proposal 2	During handover, the SL UE context information is exchanged via inter-node RRC messages (i.e., within the HandoverPreparationInformation message). FFS what information to include in the SL UE context information.
Proposal 3	During handover, the SL configuration and radio resource scheduling decided by the target NG-RAN node are sent to the source NG-RAN node via inter-node RRC messages (i.e., within the HandoverCommand message).
Proposal 4	In MR-DC, the SN is allowed to configure SL transmissions, in case SL is operating on the same RAT, and then to forward all the relevant SL configurations to the UE via the MN (i.e., over SRB1).
Proposal 5	RAN2 to discuss a prioritization rule to be applied in case of simultaneous SL and UL (i.e., towards the MN and SN) transmissions in MR-DC scenarios.
Proposal 6	In MR-DC, SL resource coordination between the SN and MN is supported and the SN can schedule SL resources via the MN only if the SL UE is operating on the same RAT.
Proposal 7	In MR-DC, the MN-SN coordination for SL resource coordination purposes is done via X2/Xn signalling.
Proposal 8	In MR-DC, the MN-SN coordination for SL configuration purposes is done via inter-node RRC messages (e.g., CG-Config or CG-ConfigInfo messages).
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