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1 Introduction

In the LS discussed at RAN2#99bis, SA2 asked RAN2 to provide views on the feasibility, necessary conditions and potential restrictions of dual registration operation for (1) Dual Rx/Tx UE and (2) Dual Rx UE with respect to EPC/E-UTRA and 5GC/NR, in particular, in absence of tight coordination at RAN level between the two systems. SA2 clarified the two UE capabilities in more detail as follows:

1.
Dual Rx/Tx: The UE with Dual Rx/Tx configuration is able to receive/transmit over EPC/E-UTRA and 5GC/NR in parallel. In this case, UE is also assumed to listen to paging channel in both E-UTRA and NR simultaneously.
2.
Dual Rx: The UE with dual Rx configuration can camp in EPC/E-UTRA while it is active in 5GC/NR, however it may not be able to stay in 5GC/NR when it performs e.g. registration signalling or sends/receives an SMS in EPC/E-UTRA. Conversely, the UE with dual Rx configuration can camp in 5GC/NR while it is active in EPC/E-UTRA, however it may not be able to stay in EPC/E-UTRA when it performs e.g. registration signalling or sends/receives an SMS in 5GC/NR.

RAN2 discussed this issue shortly at the meeting, but a few issues were raised, and RAN2 could not reach on consensus. This paper addresses the issues and proposes potential reply to SA2.
2 Discussion
The following figure shows EPC and 5GC network architectures assumed for LTE and NR core-level interworking. Single registration operation requires a direct interface between MME and AMF while dual registration does not.
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The followings are general assumptions on dual registration operation considered in SA2:
· 5G UE registers to both 4G and 5G networks as per the corresponding specifications
· PDU sessions are routed to either EPC or 5GC. E.g. when NR coverage is available, the PDU sessions are routed via 5GC. When NR coverage is unavailable, the sessions are routed via EPC
· A PDU session for RAT-specific service (e.g. VoLTE over LTE) is routed to a specific core network

· UE selects the core network for a RAT-specific PDU session based on the information given by the network. Detailed mechanism is FFS.

Considering that most of data sessions would be routed to either network except sessions for RAT dependent services such as VoLTE, the volume of data delivered to the network that the UE does not choose for the main PDU sessions would be limited.
Observation 1: 
The volume of data delivered to the network that the UE does not choose for the main PDU sessions would be limited.
2.1 Dual RX, dual TX UE
The UE with Dual Rx/Tx capability is able to receive/transmit from/to eNB and gNB in parallel. In the last meeting a few issues were raised for this type of UE.

· UE capability coordination among LTE and NR

This issue depends on UE implementation. If each RAT is implemented in a separate modem and RF module, there would be no capability coordination issue as the UE may provide independent UE capabilities for each RAT.
When some capabilities are shared between LTE and NR, most of the UE capabilities would be utilized by one RAT as discussed in observation 1. Therefore the UE may need to report its full capabilities to each RAT assuming all its hardware resources are utilized by the RAT. If the UE needs to adjust reported NR capabilities considering activity of LTE-specific sessions such as VoLTE, UE based capability update could be used in NR. Impact on LTE side (i.e. LTE capability update) is not foreseen as all the PDU sessions would be routed via LTE when NR coverage is unavailable, and when NR coverage is available, NR can adapt its capability considering on-going LTE specific services without touching LTE capability as explained before.
· UL power control considering activity of the other RAT
RAN1 already confirmed that there is no RAN1 issue to support dual registration including UL power management.
· Power headroom report
Schedulers in eNB and gNB need to be aware of uplink power headroom of each link to determine appropriate UL grant. As the UE power source is shared between LTE and NR, and the maximum current level can be restricted within the UE, power headroom of one RAT may vary depending on the activity of the other RAT. The same issue was addressed with an informative note between LTE data connection and 1xRTT voice connection. Similar informative note can be considered.
· Performance issues due to IMD
Simultaneous transmissions on two uplink carriers may cause inter-modulation distortion similar as single uplink EN-DC scenarios. RAN4 needs to confirm this issue first. The situation may need to be left to UE implementation as RAN-level coordination is not assumed between LTE and NR. E.g., the UE will only support LTE and NR carriers for each RAT that may not cause the IMD problem.
Considering the observations, we can conclude that the registration operation for dual RX and dual TX UE is feasible and no serious restrictions was identified from RAN2 point of view.
Observation 2: 
The dual registration operation for dual RX and dual TX UE is feasible and no serious restrictions are identified from RAN2 point of view.
2.2 Dual RX, single TX UE

The UE has only a single transmitter in this case. When the UE is connected with one or both of the RATs, a mechanism to prevent uplink scheduling in one of the links is needed. Such mechanism has not been discussed so far for dual registration mode in RAN2. But as this case is similar with single TX EN-DC operation, similar solution can be considered without any RAN2 specification support. As the coordination between eNB and gNB is not considered for dual registration, the timing information can be configured in a static manner via OAM.

Observation 3: 
A mechanism to prevent uplink scheduling in one of the links is needed to support dual registration operation for dual RX and single TX UE.
It is proposed to draft reply LS to SA2 considering above observations.
Proposal 1:
Send reply LS to SA2 explaining that the dual registration operation is feasible from RAN2 point of view at least for dual RX and dual TX UE
3 Conclusion
Based on the discussion above, following observations and proposals are provided:

Observation 1: 
The volume of data delivered to the network that the UE does not choose for the main PDU sessions would be limited.
Observation 2: 
The dual registration operation for dual RX and dual TX UE is feasible and no serious restrictions are identified from RAN2 point of view.
Observation 3: 
A mechanism to prevent uplink scheduling in one of the links is needed to support dual registration operation for dual RX and single TX UE.

Proposal 1:
Send reply LS to SA2 explaining that the dual registration operation is feasible from RAN2 point of view at least for dual RX and dual TX UE

4 References
