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1
Introduction
This paper discusses the scenarios and principles and procedures for the LTE-NR tight interworking. The contribution includes a TP for the TR 38.804. 
2
Discussion
2.1
Deployment scenarios
The three deployment scenarios that have been agreed to be studied as part of LTE-NR tight interworking are shown in Figure 1 below. These scenarios correspond to the non-standalone scenarios captured in RP-161266 [1] as scenarios 3, 4 and 7 respectively:
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Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)
In scenario 3, it is understood that Dual Connectivity (DC) specified in TS36.300 and relevant stage 3 specifications (e.g., TS36.423 and TS36.331) should be used as much as possible considering the fact that EPC should not be impacted in this option. Therefore, for the interface between eNB and NR BS, the general procedure and application protocols would remain the same, while minor enhancements might not be ruled out. There are two alternatives considered as way forward; 1) enhancing X2 interface, or 2) creating a new interface. Since some functionalities are different between LTE and NR, and X2 should not be impacted by such interface, a new interface specification is preferable in the case of scenario 3 i.e. Non-Standalone/”LTE assisted”, EPC connected scenario. The interface name proposed is Xn. The overall considerations on procedures compared to DC specifications for this scenario are provided in the following section.
For the scenarios 4 and 7, we recommend that the C-plane and U-plane protocols between LTE and NR are to be further studied (e.g. their RAN level impacts due to the interfacing with the NextGen Core) and hence they are not addressed in this paper.
Proposal 1:
A new interface “Xn” should be introduced between LTE eNB and NR BS in the deployment scenario of Non-Standalone/”LTE assisted”, EPC connected tight interworking.
Proposal 2:
DC procedures and protocols currently specified in TS36.300 and the relevant stage 3 specifications should be baseline in the deployment scenario of Non-Standalone/”LTE assisted”, EPC connected tight interworking.

2.2
Deployment scenario 3: Non-standalone/”LTE assisted”, EPC connected scenario
2.2.1
Architectural aspects
Assuming DC specified in TS36.300 as the baseline for LTE-NR tight interworking, Radio Protocol Architecture for the User Plane can be defined in Figure 2. In addition, MeNB (Master eNB) and NR BS are used as terminology in this section. NR BS is assumed to behave in the role of SeNB (Secondary eNB as specified in DC). Network Convergence Sublayer (NCS) is one of the NR sub-layers to handle SDUs of the S1-U interface as well as the SDUs of the NextGen Core interface into different DRBs according to the QoS information associated with the SDU as described in [2]. The NR protocols NCS, NR RLC and NR MAC will be further studied to be specified.
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Figure 2: Radio Protocol Architecture for split and SCG bearers in Non-Standalone/”LTE assisted”, EPC connected scenario
Proposal 3:
It is proposed to agree on Radio Protocol Architecture for split bearer and SCG bearer in Non-Standalone/”LTE assisted”, EPC connected scenario as provided in Figure 2 although it is recognized that the NR radio protocols are not yet mature and are being studied.
Assuming DC specified in TS36.300 as the baseline, network interface configurations can be defined in Figure 3 and Figure 4.
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Figure 3: C-Plane connectivity in Non-Standalone/”LTE assisted”, EPC connected scenario
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Figure 4: U-Plane connectivity in Non-Standalone/”LTE assisted”, EPC connected scenario
Proposal 4:
It is proposed to agree on the C-Plane and U-plane network interface configurations as provided in Figure 3 and Figure 4.
2.2.2
Procedural aspects
Table 1 shows the procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 and their applicability to Non-Standalone/”LTE assisted”, EPC connected tight interworking. In this table, LTE and NR are considered to have roles so that LTE is MeNB (or eNB without DC) and NR is SeNB, respectively. 

Table 1: Applicability of DC procedures for LTE NR interworking
	Procedure name
	Applicability

	10.1.2.8.1
SeNB Addition
	Yes

MeNB can start this procedure when it decides to establish a UE context at the NR BS in order to provide radio resources from the NR BS to the UE. RRC container from/to NR BS will be further studied.

	10.1.2.8.2
SeNB Modification (MeNB initiated SeNB Modification)
	Yes
MeNB can start this procedure when it decides to modify, establish or release bearer contexts, to transfer bearer contexts to and from the NR BS or to modify other properties of the UE context within the same NR BS. RRC container from/to NR BS will be further studied.

	10.1.2.8.2
SeNB Modification (SeNB initiated SeNB Modification)
	Yes

NR BS can start this procedure when it decides to modify or release bearer contexts, to transfer bearer contexts to the MeNB or to modify other properties of the UE context within the same NR BS. RRC container from/to NR BS will be further studied.

	10.1.2.8.2.1
Intra-MeNB handover involving SCG change
	Yes

MeNB can start this procedure when it decides to perform handover within the same MeNB while keeping the SCG in the same NR BS. RRC container from/to NR BS will be further studied.

	10.1.2.8.3
SeNB Release (MeNB initiated SeNB Release)
	Yes

MeNB can start this procedure when it decides to initiate the release of the UE context at the NR BS. The NR BS cannot reject.

	10.1.2.8.3
SeNB Release (SeNB initiated SeNB Release)
	Yes

SeNB can start this procedure when it decides to initiate the release of the UE context at the NR BS. The MeNB cannot reject.

	10.1.2.8.4
Change of SeNB
	Yes

MeNB can start this procedure when it decides to transfer a UE context from a source NR BS to a target NR BS and to change the SCG configuration in UE from one NR BS to another. RRC container from/to NR BS will be further studied.

	10.1.2.8.5
MeNB to eNB Change
	Yes
Source MeNB can start this procedure when it decides to transfer context data from a source MeNB/NR BS to a target eNB.

	10.1.2.8.6
SCG change
	Yes
To perform SCG change within the same NR BS, the SeNB Modification procedure as described in section 10.1.2.8.2 is used. To perform SCG change between different NR BSs, the change of SeNB as described in section 10.1.2.8.4 is used. RRC container from/to NR BS will be further studied.

	10.1.2.8.7
eNB to MeNB change
	Yes
Source eNB can start this procedure when it decides to transfer context data from a source eNB to a target MeNB that adds an NR BS during the handover. RRC container from/to NR BS will be further studied.

	10.1.2.8.8
Inter-MeNB handover without SeNB change
	Yes
Source MeNB can start this procedure when it decides to transfer context data from a source MeNB to a target MeNB while the context at the NR BS is kept. SeNB UE X2AP ID described in this procedure may need to be further changed according to the interface decision between eNB and NR BS. RRC container from/to NR BS will be further studied.

	10.1.2.8.9
Addition of a hybrid HeNB as the SeNB
	Yes
MeNB can start this procedure when it decides to add a hybrid cell as serving cell of NR BS. CSG concept for NR will be further studied.


Considering the above-mentioned applicability, it is observed that all the DC procedures could be reused for the baseline of Non-Standalone/”LTE assisted”, EPC connected tight interworking scenario, with minor enhancements where needed.
Proposal 5:
It is proposed to agree on reusing all the DC procedures specified in TS36.300 as the baseline for LTE-NR tight interworking with minor enhancements where needed as provided in Table 1.
2.2.3
Other Considerations
Compared to DC operation specified in TS36.300 and relevant stage 3 specifications (e.g., TS36.331), there are some enhancements which should be considered for Non-Standalone/”LTE assisted”, EPC connected tight interworking scenario.
2.2.3.1
NR BS radio resource configuration
There are already some required enhancements foreseen on the exchange of RRC radio resource information without impacting on the principles of the DC procedures specified in TS36.300 in case of Non-Standalone/”LTE assisted”, EPC connected tight interworking scenario.

It was debated whether MeNB is allowed to modify SeNB radio configuration during Rel12 DC discussions. As already clarified in [3] and [4], one of the main objectives of LTE NR tight interworking is to ensure practical interoperability in a multi-vendor environment. In light of this argument, MeNB should not be required to understand the entire configuration coming from NR BS. Moreover, since LTE and NR are different RAT, the independent evolution of the NR protocol is desired. In sum, we propose that the MeNB is only required to understand subset of the NR configuration i.e. only the “common” configuration portion from the NR BS. Understanding at least a subset called common part is needed e.g. to make sure that the UE capabilities are not exceeded, but still LTE MeNB should not modify the NR BS configurations in the NR container. Hence, the identification of the common part, it is extendibility and the specification of such a common part is proposed to be further studied. 
Proposal 6a:
The configuration information provided by the NR BS shall consist of two subsets, the “common” configuration portion, providing information also for the MeNB and the portion transparent to the MeNB.
Proposal 6b:
Further discussions are needed to identify which part(s) of the configuration portion belong to the common part from the NR BS and are required to be understood by the MeNB. 
2.2.3.2
LTE-NR RRM measurement framework
In order for NR RRM to provide an optimal configuration to the UE for the NR radio parameters, the NR BS is required to provide assistance information to the MeNB (LTE) for configuring the additional NR radio specific measurements (e.g. based on NR radio capabilities of the UE). One such example are the setup of beam level measurements and there could be potentially other use cases. 
In the context of the NR mobility related measurement we will discuss the following three use cases: Initial setup of LTE-NR tight interworking, measurements during the tight interworking operation, and measurements during failure of the secondary (=NR leg). For simplicity, we only consider the scenario 3 here but the same considerations might be applied for other scenarios as well.
1) Measurements for setting up LTE-NR tight interworking
We assume that, like with LTE, some measurements are typically required for deciding how to setup the LTE-NR tight interworking. Hence, following basic assumptions are proposed for such measurements:

· Assumption 1: Use of tight interworking is always decided by the master node (=LTE)
· Assumption 2: Master node (=LTE) can configure measurements of secondary access  (=NR) radio quality

· Assumption 3: Measurement configuration does not have to be changed depending on the tight interworking state

Hence, based on these three assumptions, once the master has decided on the configuration, it can fully control the configuration and doesn’t necessarily need to change it very frequently. 
2) Measurements during LTE-NR tight interworking operation

For measurements during the tight interworking, we mainly consider measurements that related to the tight interworking itself (i.e. modify/release the nodes involved).  NR-internal measurements are proposed to be considered together with the standalone operation discussion. 

Obviously, at this stage, the UE has been configured with certain measurements for NR nodes and the UE will send the measurement reports to either LTE or NR serving cell(s). Further, the LTE and NR nodes may wish to exchange the measurement results, just like is done in LTE DC.
For simplicity, DC-like principle could be followed: Master node configures the measurements and receives the measurement reports. However, unlike with LTE DC, the NR node can be envisioned to have relatively independent operation in most aspects, so it seems beneficial to allow the NR node to influence which measurements are done by the UE. Therefore, the NR node could request that some measurements are done and receive the results either directly from the UE or via the LTE node; how the measurement results are delivered would require further study.
Hence, the following additional assumptions for the LTE-NR measurements are proposed:

· Assumption 4: The secondary (NR) node measurements are configured within master (LTE) node RRC measurement framework.
· Assumption 5: Master (LTE) node configures the measurements but secondary (NR) node can request to configure some measurements. Master (LTE) node can decide whether to accept the request.
3) Measurements during S-RLF
To have a mechanism against failures, UE should monitor whether the secondary (NR) link remains usable while operating under LTE-NR tight interworking. The DC-like principles could be followed also here with the following additional assumptions:

· Assumption 6: UE does radio link monitoring for the secondary (NR) node (i.e. “S-RLF” according to DC terminology).

· Assumption 7: After detecting S-RLF, UE retains the measurement configuration for the secondary (NR) node. 
· Assumption 8:  Master (LTE) mode can always release the secondary (NR) node measurement configuration without involving the secondary (NR) node.
Proposal 7a:
It is proposed to agree on all the LTE-NR measurement assumptions (1 through 8) in this section.

Proposal 7b:
The procedural aspects of how NR BS provides assistance to the master node for configuring additional secondary radio specific measurements (e.g. based on secondary radio capabilities of the UE) need to be further studied in RAN2 and RAN3.

Proposal 7c:
The procedural aspects of how the additional measurement results are delivered to NR BS need to be further studied in RAN2 and RAN3.

2.2.3.3
Direct radio configuration from NR BS
It is further proposed that NR BS should be able to provide a SRB configuration and exchange NR RRC PDU directly to the UE in order to shorten the NR configuration time. Figure 5 describes an example framework for RRC configuration exchange. It is assumed that SRB resources are configured from both MeNB and NR BS in both directions between the network and the UE. Furthermore, there is a signalling transport layer allocated one per node type.
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Figure 5: Logical model of RRC configuration routing with MeNB (eNB) and NR BS
Format 1: These are issued by the MeNB containing only LTE specific configurations. From the UE point of view, the response corresponding to this format is addressed to the MeNB.

Format 2: These are issued directly by the NR BS and contain NR only configurations. From the UE point of view, the response corresponding to this format is addressed to the NR BS.

Format 3: These are issued by the MeNB containing LTE and NR configurations, including the case when the MeNB is routing the RRC configuration of the NR BS. From the UE point of view, the response corresponding to this format is addressed to the MeNB.

It is noted that failure handling and synchronization between MeNB and NR BS should be further studied. As one of the candidate solutions, the NR BS can inform the reconfiguration complete to the MeNB. In addition, it can be assumed that some of the procedures in MeNB and in NR BS can be triggered in parallel. As a starting point, it could be agreed that the failures during RRC procedures are handled by the UE on a per message basis, i.e. no partial success/failure handling is required. In addition, NR BS RLF is reported to the MeNB.

Proposal 8:
Direct configuration from NR BS should be supported. The procedure including failure handling and synchronization will be further studied in RAN2 and RAN3.
3
Conclusion
Based on the discussion above, we make the following proposals:
Proposal 1:
A new interface “Xn” should be introduced between LTE eNB and NR BS in the deployment scenario of Non-Standalone/”LTE assisted”, EPC connected tight interworking.
Proposal 2:
DC procedures and protocols currently specified in TS36.300 and relevant stage 3 specifications should be baseline in the deployment scenario of Non-Standalone/”LTE assisted”, EPC connected tight interworking.

Proposal 3:
It is proposed to agree on Radio Protocol Architecture for split bearer and SCG bearer in Non-Standalone/”LTE assisted”, EPC connected scenario as provided in Figure 2 although it is recognized that the NR radio protocols are not yet mature and are being studied.

Proposal 4:
It is proposed to agree on the C-Plane and U-plane network interface configurations as provided in Figure 3 and Figure 4.

Proposal 5:
It is proposed to agree on reusing all the DC procedures specified in TS36.300 as the baseline for LTE-NR tight interworking with minor enhancements where needed as provided in Table 1.

Proposal 6a:
The configuration information provided by the NR BS shall consist of two subsets, the “common” configuration portion, providing information also for the MeNB and the portion transparent to the MeNB 

Proposal 6b:
Further discussions are needed to identify which part(s) of the configuration portion belong to the common part from the NR BS and are required to be understood by the MeNB. 

Proposal 7a:
It is proposed to agree on all the LTE-NR measurement assumptions (1 through 8) below.
Assumption 1: Use of tight interworking is always decided by the master node (=LTE)
Assumption 2: Master node (=LTE) can configure measurements of secondary access (=NR) radio quality
Assumption 3: Measurement configuration does not have to be changed depending on the tight interworking state
Assumption 4: The secondary (NR) node measurements are configured within master (LTE) node RRC measurement framework.
Assumption 5: Master (LTE) node configures the measurements but secondary (NR) node can request to configure some measurements. Master (LTE) node can decide whether to accept the request.
Assumption 6: UE does radio link monitoring for the secondary (NR) node (i.e. “S-RLF” according to DC terminology).
Assumption 7: After detecting S-RLF, UE retains the measurement configuration for the secondary (NR) node. 
Assumption 8:  Master (LTE) mode can always release the secondary (NR) node measurement configuration without involving the secondary (NR) node.
Proposal 7b:
The procedural aspects of how NR BS provides assistance to the master node for configuring additional secondary radio specific measurements (e.g. based on secondary radio capabilities of the UE) need to be further studied in RAN2 and RAN3.

Proposal 7c:
The procedural aspects of how the additional measurement results are delivered to NR BS need to be further studied in RAN2 and RAN3.

Proposal 8:
Direct configuration from NR BS should be supported. The procedure including failure handling and synchronization will be further studied in RAN2 and RAN3.
Proposal 9:
It is proposed to agree on TP proposal provided in Appendix.
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Appendix: Text Proposal for TR 38.804
Beginning of Text Proposal
5.2
Radio interface protocol architecture
To support tight interworking between LTE and NR, a technology of aggregating data flows between the two RATs is studied based on Dual Connectivity for LTE [3].
For standalone NR, a technology of aggregating NR carriers is studied. Both lower layer aggregation like Carrier aggregation for LTE (see [3]) and upper layer aggregation like Dual Connectivity are investigated.
Editor’s note: intended to capture both tight interworking and standalone aspects. Main radio interface protocol functions and their order/placement/grouping in protocol layers are described in this section.
5.2.X1

Tight interworking between new RAT and LTE
The three deployment scenarios can be considered as shown in Figure 5.2.X1-1. 
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Figure 5.2.X1-1: LTE-NR tight interworking deployment scenarios

In the scenario of Non-Standalone/”LTE assisted”, EPC connected tight interworking, it is understood that Dual Connectivity (DC) specified in TS36.300 and relevant stage 3 specifications (e.g., TS36.331) should be used as much as possible considering the fact that EPC should not be impacted in this option. 

Editor’s note: Description for the Non-Standalone/”NR assisted”, NGCN connected scenario and Non-Standalone/”LTE assisted”, NGCN connected scenario is FFS.

Next Text Proposal
5.2.1
User plane
5.2.1.X1


Tight interworking between LTE and NR 

5.2.1.X1.1
Non-standalone/”LTE assisted”, EPC connected tight interworking scenario

Assuming DC specified in TS36.300 as the baseline for LTE-NR tight interworking, Radio Protocol Architecture for the User Plane can be defined in Figure 5.2.1.X1.1-1. In this section, the terminology of master node and secondary node is in use; Master eNB (MeNB) and NR BS are used and NR BS is assumed to have the role of a secondary node corresponding to the Secondary eNB (SeNB) as specified in DC. Network Convergence Sublayer (NCS) is one of the NR sub-layers to handle SDUs of the S1-U interface as well as the SDUs of the NextGen Core interface into different DRBs according to the QoS information associated with the SDU. 
Editor’s note: NCS, NR RLC and NR MAC are to be further studied.
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Figure 5.2.1.X1.1-1: Radio Interface Protocol Architecture for split and SCG bearers in Non-Standalone/”LTE assisted”, EPC connected tight interworking scenario

Next Text Proposal
5.2.2
Control plane
5.2.2.X1


Tight interworking between LTE and NR

5.2.2.X1.1
Non-standalone/”LTE assisted”, EPC connected tight interworking scenario

Assuming DC specified in TS36.300 as baseline, all the DC procedures (defined under section 10.1.2.8 in TS36.300) could be reused with minor enhancements where needed. The RRC container from/to NR BS and the delivery of the configuration details to the UE will require further studies. 

Further on following enhancements should be considered for the Non-Standalone/”LTE assisted”, EPC connected scenario: 

· NB BS radio resource configuration: The independent evolution of the RAT specific protocols is assumed. Therefore the MeNB is not required to understand the entire RRC configuration information coming from NR BS. The RRC configuration information provided by the NR BS consists of two subsets, the “common” configuration portion, providing information also for the MeNB and the portion transparent to the MeNB. 
· LTE-NR RRM measurement framework: The following principles are assumed: 
· Use of tight interworking is always decided by the master node (=LTE)
· Master node (=LTE) can configure measurements of secondary access (=NR) radio quality
· Measurement configuration does not have to be changed depending on the tight interworking state
· The secondary (NR) node measurements are configured within master node (LTE) RRC measurement framework.
· Master node (LTE) configures the measurements but secondary node (NR) can request to configure some measurements. Master node (LTE) can decide whether to accept the request.
· UE does radio link monitoring for the secondary node (NR)  (i.e. “S-RLF” according to DC terminology).
· After detecting S-RLF, UE retains the measurement configuration for the secondary node (NR). 
· Master node (LTE) can always release the measurements of secondary access (=NR) without involving the secondary node (NR). 

Editor’s note: The procedural aspects of how NR BS provides assistance to the master node for configuring additional secondary radio specific measurements (e.g. based on secondary radio capabilities of the UE) are FFS.
Editor’s note: The procedural aspects of how additional measurement results are delivered to NR BS are FFS.
· Direct radio configuration from NR BS: This function is supported. 

Editor’s note: Overall procedure including failure handling and synchronization is FFS.
End of Text Proposal
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