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1. Introduction
During RAN2#94 meeting, the following agreements were made on the discussion of control plane for inter-working. 
Agreements

=>
UE has a single RRC state machine based on the master, and single control plane connection to CN

=>
Network has two RRC entities that can generate ASN.1

=>
ASN.1 generated by the secondary can be transported by the master (at least in some cases, e.g. for first configuration)

However, there are many control plane issues which impact on reference architecture for inter-working need to be discussed. For example the coordination of UE capability and main control plane procedures between master node and secondary node in inter-working mode are yet to be discussed. This contribution focuses on these aspects.
2. Discussion
The following sections discuss the coordination of UE capability and key control plane procedures for inter-working.
2.1. Coordination between LTE & NR

Some level of parameter coordination between the LTE and NR is required to guarantee the UE operation. For legacy LTE DC, tight parameter coordination is supported. SeNB and MeNB comprehend each other radio configurations. Both node has up to date configuration of the other node at any time. This was essential for legacy LTE DC because that the legacy LTE DC is supported between two eNBs of the same RAT where both eNBs have similar characteristics and capable of offering similar throughput and latency for the data transmission. However, LTE and NR are two different RATs with different characteristics. NR is designed to provide high throughput and low latency compared to what offered by the LTE. Hence it is questionable whether very tight parameter coordination is required and brings benefits when comparing the complexity of allowing tight parameter coordination between LTE and NR.
For coordination of UE capability between SeNB and MeNB using network controlled method, there are three approaches to be discussed:
· Approach 1: Semi-static split of parameter coordination. Master node grants a part of the UE capabilities as the restrictions to the secondary node. Secondary node configures these parameters according to the split provided by the master node. In case that the secondary node needs to configure SCG parameter exceeding the split provided by the master node, secondary node negotiates first with master node before the UE configuration. Similarly, master node could also negotiate the parameter split if required. The MCG/SCG configuration is transparent each other.
· Approach 2: Dynamic parameter coordination.  Similar to legacy DC, secondary node and master node comprehend each other’s serving cell configurations and master node finally determines UE configuration accordingly. Both master node and secondary node have up to date configurations provided by the secondary node and master node
· Approach 3: Partial parameter coordination. Compared to legacy DC, the master node and secondary node comprehend part of the configuration. Part of SCG configuration is known to the master node. The coordination only occurs in case the part of SCG configuration needs to be changed.
For approach 2/3, all or part of SCG configuration has to be transmitted to master and checked whether the UE capability has exceed by the master node. But for approach 1, the restriction for the SCG part has been exchanged prior to the configuration. Therefore, approach 1 results in less signalling over X2 as well as fast SCG configuration to the UE. Considering that the LTE and NR are different RATs with different characteristics, we think approach 1 should be investigated for LTE-NR interworking support. The feasibility of approach 1 depends on the details of what parameters required coordination between the LTE and NR. . 
Proposal 1: It is proposed for RAN2 to investigate feasibility of semi-static split approach for parameter coordination between LTE and NR for LTE-NR interworking.
2.2. CP procedures for inter-working between LTE & NR
Several key control plane procedures are to be discussed:

· Secondary Node Addition Procedure
· Issue 1: Who can decide whether to add a secondary node for inter-working?

In legacy DC, decision to add a SeNB is made by the MeNB as UE initially accesses to the MeNB and the MeNB can directly acquire the RRM related information such as measurement result and traffic load status of neighbouring cells of the SeNB, etc from the UE and network. Likewise, for inter-working, the measurement for other RAT can be configured by master node, and accordingly the results of the measurement can be directly sent back to the master node, combined with load related information for other RAT and own RRM algorithm, the master node can decide to add a secondary node. The master node communicates with the secondary node for its decision where secondary node is prepared for the arrival of the UE.
Proposal 2: Similar as legacy LTE DC, Secondary Node Addition procedure is controlled and decided by master node for LTE-NR tight interworking.

· Secondary Node Release Procedure
· Issue 1: Who can decide whether to release the secondary node for inter-working?

After inter-working mode, the secondary node could be removed at any time. In legacy DC, either MeNB or SeNB can trigger SeNB’s removal procedures. For inter-working, similar principle may be applied. Based on the change of state of UE (e.g, RRC re-establishment triggered by UE) as well as its own RRM algorithm, the master node could decide whether to release the secondary node using master node initiated secondary node removal procedure. Another typical case is bearer type change from SCG bearer to MCG bearer,etc. In addition, secondary node itself could also decide whether to release its radio resources, such as based on its own RRM algorithms or in case of change of channel quality of the serving cells at secondary node . 
Proposal 3: Similar as legacy LTE DC, either master node or secondary node can trigger Secondary Node’s Release procedures.

· Issue 2: How to release the secondary node at Secondary Node Release procedure.?
For master node initiated secondary node release procedure, the signalling flow is similar as legacy DC procedure. But for secondary node initiated secondary node release procedure, there are two possible options for the removal of the secondary node.

· Option 1: Follows similar procedure as in legacy DC. In which, the secondary node generates the ASN.1 for the removal of the secondary node and forwards the message to the UE in a transparent container over master node. 

· Option  2: Secondary node can directly inform the UE of the removal of the secondary node.
An example of secondary node release triggered by the secondary node according to dual RRC architecture is shown in Figure 1.
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Figure 1: Secondary Node Release procedure triggered by secondary node using dual RRC architecture

Proposal 4: It is proposed for RAN2 to discuss the 2 options on how to release the secondary node at Secondary Node Release procedure.
· Secondary Node Change Procedure
· Issue 1: Who can control secondary node change during inter-working?
In legacy DC, only one SeNB is configured at a time. Hence, SeNB change procedure was introduced when moving configuring from one SeNB to another. Not only the signal quality of each target SeNB, but also the relationship between SeNB and MeNB need to be considered for support of mobility between different SeNBs. 
For LTE-NR interworking scenarios, the possibility of having more than one secondary nodes configured at a time should be discussed. If multiple secondary node configurations are supported for LTE-NR interworking, mobility between secondary nodes could be realised by secondary node addition and release procedures independently. However if single secondary node configuration is maintained even for LTE-NR interworking, secondary node change procedure should be supported. Similar as legacy LTE DC, we think master node should be in charge of secondary node change procedure. 
Proposal 5: Similar as legacy LTE DC, master node controls secondary node change procedure during inter-working.
· SCell  Management Procedure for NR BS
· Issue 1: Whether should the carrier aggregation be supported at NR BS as secondary node during inter-working.?
In legacy DC, the carrier aggregation at SeNB is supported  to achieve high improvement in the throughput per UE. For NR deployment, both Low frequency band and high frequency band are possible, especially for LF deployment, the gain using carrier aggregation are apparent. Therefore the carrier aggregation should be considered in inter-working between LTE and NR. Accordingly if secondary node supports multiple carriers, a PSCell should be defined at secondary node for NR
Proposal 6: The NR BS as secondary node should support carrier aggregation during inter-working and a PSCell needs to be defined.
· Issue 2: Who can control SCell addition / removal, PSCell change at NR BS as secondary node.?

In legacy DC, all the Measurement results for neighbour cells and Serving Cells of SeNB are collected in MeNB, also the MeNB can get the load information of each cells of SeNB via X2 interface. MeNB is responsible for the management for SCells at SeNB. e,g. SCell addition/ removal/change etc. 

However, LTE-NR inter-working involves the interaction of two different RATs with different characteristics. Due to the different characteristcs of the two RATs, radio resources management algorithms of the two RATs are excepted to be different. The management for SCells at secondary node itself is only related to the RRM algorithm of secondary node. It is desirable to allow for secondary node to reconfigure SCells based on its own decision. The NR BS as secondary node should be able to control the SCell addition / removal , PSCell change and other operations for intra secondary node .
Proposal 7: The NR BS as secondary node can control SCell addition / removal, PSCell change at NR BS.

· Issue 3: How to realize SCell management, PSCell change at NR BS during inter-working?
An example of secondary node modification triggered by the secondary node according to dual RRC architecture is shown in Figure 2. In which, the secondary node can make decision on SCell addition / removal, PSCell change based on measurement report from UE and it’s own RRM algorithm, then the secondary node generates the ASN.1 for the change of the secondary node configuration and directly signals the message to the UE. Step 2 and 3 may be only required if the secondary node reconfiguration requires parameter coordination between the master and secondary nodes.
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Figure 2: Secondary node reconfiguration procedure triggered by secondary node using dual RRC architecture
Proposal 8: It is proposed for RAN2 to investigate the Secondary Node Reconfiguration procedure depending on the RRC protocol architecture.
3. Conclusion 
This contribution discusses the coordination of UE capability, the key control plane procedures. The following proposals were made:
Proposal 1: It is proposed for RAN2 to investigate feasibility of semi-static split approach for parameter coordination between LTE and NR for LTE-NR interworking.
Proposal 2: Similar as legacy LTE DC, Secondary Node Addition procedure is controlled and decided by master node for LTE-NR tight interworking.
Proposal 3: Similar as legacy LTE DC, either master node or secondary node can trigger Secondary Node’s Release procedures.
Proposal 4: It is proposed for RAN2 to discuss the 2 options on how to release the secondary node at Secondary Node Release procedure.
Proposal 5: Similar as legacy LTE DC, mster node controls secondary node change procedure during inter-working.

Proposal 6: The NR BS as secondary node should support carrier aggregation during inter-working and a PSCell needs to be defined.
Proposal 7: The NR BS as secondary node can control SCell addition / removal, PSCell change at NR BS.

Proposal 8: It is proposed for RAN2 to investigate the Secondary Node Reconfiguration procedure depending on the RRC protocol architecture.
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