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1. Introduction

In previous SA2 meetings, a solution “dual attach/handover attach with single or dual radio” has been discussed as one of loosing interworking solutions between NR and LTE, and consequently included in TR23.799 as captured below. Accordingling, RAN2 also needs to study the candidate for the interworking. Currently, SA2 is officially using a term, “Dual registration”. 
8.11.1
Agreements on EPC-NextGen Core interworking

Agreements for Key issue #18 EPC-NextGen Core interworking are as follows:

-
The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

-
Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in subclause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-
Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively.
-
For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).
- 
The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.
2.
Discussion
2.1 Dual Registration 

A term “dual registration” can be used to refer to an operation where a given UE stays registered in two different radio access technologies in parallel. Then the two radio access technologies need not be tightly interworked with each other by using a specific interface (i.e. NGx). The dual registration is beneficial to minimize signalling overhead & complexity both on UE and the EPC/NG Core, and it results in the minor impact on the existing eNB/EPC for the interworking. The dual registration is utilized to support both inter-RAT mobility and inter-RAT aggregation.
Proposal 1: RAN2 to confirm the following definition of “dual registration”, and included into TR38.804:

A term “dual registration” is used to refer to an operation where a given UE stays registered in two different radio access technologies in parallel.
2.2 Inter-RAT Mobility with Dual Registration
The dual registration can be used to support the inter-RAT mobility between NR and LTE. A connected UE can move from NR to LTE and vice versa. 
In the scenario that UE moves from NR to LTE, based on the inter-RAT measurements and other information (e.g. UE capability), gNB configures the dual registration for the UE. It means that UE performs ATTACH procedure to the target system. Then gNB need not coordinate it with LTE system. This is a main difference from the conventional inter-RAT handover approach requiring the coordination via the interface. During the initial attachment to LTE, the UE can still keep its connection to NR (see Figure 1). For example, the following cases can be considered:

· If the dual-registered UE supports single radio, it can transmit and/or receive its data to/from only single RAT at any moment (i.e. in TDM-fashioned method) while keeping the connection to NR or,

· If the dual-registered UE supports more than dual radio, it can transmit and/or receive its data to/from two RATs simultaneously.

The connection with NR could be released upon attaching to LTE. However, it would result in a service interruption until completing the attachment. After completing the attachment to LTE, MME informs the common IP anchor of the completion of the dual registration so that the common IP anchor can re-route the data to LTE system. It is FFS when to release the connection with NR.
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Figure 1: Dual Registration with dual radio

Another scenario that UE moves from LTE to NR can be introduced. A UE attached to LTE system can move to LTE cell edge. Based on the inter-RAT measurements and other information, eNB decides to initiate the dual registration to the NR system. In order to support the dual registration, the minor update in eNB is required which would belong to mainly signalling aspects, e.g. to configure the measurement on NR frequencies and the dual registration. The eNB need not coordinate the inter-RAT mobility with NR. During the initial attachment to NR, UE can keep its connection to LTE. After completing the attachment to NR, NG Core informs the common IP anchor of completing the dual registration so that the common IP anchor can re-route the data to NR system.
For inter-RAT mobility support, the signalling procedure has been already introduced in TR23.799. The procedure can be slightly updated in RAN2 perspective as shown in Figure 2. The potential RAN2 impact is a new signalling which is used to trigger the dual registration. Except for it, the existing procedures, e.g. measurement configuration and establishment, would be reused. Compared to the conventional handover procedure, the key change is that the source RAT does not provide any mobility configuration associated with the setup in the target RAT. Instead, UE performs ATTACH to the target RAT, and acquire directly the required configuration, e.g. from system information. Even though the source RAT may provide some limited configuration to UE as an optimization, at least the source RAT does not obtain the configuration from the target RAT via a specific backhaul interface. It is assumed that the dual registration would have a common procedure regardless of the motivations, i.e. inter-RAT mobility or inter-RAT aggregation.
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Figure 2: Dual registration signalling procedure
2.3 Inter-RAT Aggregation with Dual Registration
The dual registration can be also used to support the inter-RAT aggregation between NR and LTE. The source RAT can initiate the dual registration for UE throughput enhancement, but need not manage the radio resources assigned in different RAT. Without any coordination, two RATs independently schedule the data to a UE, and overall traffic flow is controlled by higher network entity such as, e.g. common IP anchor. Basically, the dual registration procedure would be same as that in the inter-RAT mobility case. The dual registration would be kept until high throughput performance is not needed.
From the potential scenarios above, we assume that RAN2 impact is quite restricted, i.e. RAN2 needs to define just a new signalling for the source RAT to configure the dual registration if RAN2 avoids any optimization. In the first phase, it seems sufficient. 
Proposal 2: RAN2 to study RAN2 impact for the dual registration support, and introduce new signalling to configure the dual registration.

Proposal 3: RAN2 to update TR38.804 with the description on the dual registration introduced above.

2.4 Further Considerations in RAN2
It is assumed that RAN2 scope for the dual registration would be mainly signalling support. RAN2 can further study the following considerations:
On initiating the dual registration

Considering an inter-RAT mobility scenario that a UE moves from a source RAT to a target RAT, the source RAT configures one of the following options as shown in Figure 3. If there is a coordination interface between two RATs, the source RAT can configure an inter-RAT handover to the UE. If not, the source RAT needs to configure to initiate ATTACH procedure toward the target RAT for registration purpose. Consequently, the UE gets in dual registration. If the dual-registered UE supports dual radio, it keeps the parallel connections to two RATs. Otherwise, it cannot communicate with two RATs simultaneously. Accordingly, the UE needs to share its single radio in time division multiplexing while still keeping the parallel connections to two RATs, or to release the connection with the source RAT. Even though the network supports the coordination interface, it may initiate the dual registration so that it can mitigate signalling overhead in the core network level. It is a scope of the network implementation. 
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Figure 3: Initiating the dual registration
Efficient uplink power control under no coordination between NR and LTE

The UE in the dual registration would require the efficient power control coordination in the two uplink paths, e.g. especially at the cell boundary. Then the TDM method can be also one of possible solutions. One remarkable point is that the TDM method should be performed without any network coordination because no interface (i.e. NGx) is assumed in the dual registration.
New signalling to indicate the dual registration failure
UE may fail to complete the ATTACH procedure to the target RAT. The UE then reports the failure to the source RAT if possible. It allows the source RAT to provide other solutions to the UE. 
New signalling to indicate the dual registration completion
UE reports the completion of the attachment to the target RAT to the source RAT. It would be useful for the source RAT to decide when to release the connection with the source RAT in the inter-RAT mobility scenarios.
On supporting the dual registration in IDLE mode or new state

The dual registration introduced above is based on the UE connected mode. On the other hand, a dual-registered UE may be in IDLE mode or new state. The idle UE needs to maximize the power saving. If the dual registration is applied even to the IDLE mode, obviously UE should consume more power, e.g. for multiple paging monitoring. For now, it seems unclear what the benefit of the dual registration is in IDLE mode or new state. So, we would like to deprioritize the dual registration in IDLE or new state. 
3. Conclusion
It is proposed that
Proposal 1: RAN2 to confirm the following definition of “dual registration”, and included into TR38.804:

A term “dual registration” is used to refer to an operation where a given UE stays registered in two different radio access technologies in parallel.

Proposal 2: RAN2 to study RAN2 impact for the dual registration support, and introduce new signalling to configure the dual registration.

Proposal 3: RAN2 to update TR38.804 with the description on the dual registration introduced above.
We are also providing a corresponding draft TP in R2-1700267.
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