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1   Introduction
In SA2 #122bis meeting, SA2 request RAN1, RAN2, and RAN4 to provide their views on the feasibility, necessary conditions and potential restrictions for UE to operate in (1) Dual Rx/Tx and (2) Dual Rx modes with respect to EPC/E-UTRA and 5GC/NR, in particular, in absence of tight coordination at RAN level between the two systems[1]. The definitions of Dual Rx/Tx and Dual Rx mode are provided by SA2 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. This could be seen as Dual Rx/Tx configuration for enhanced CS fallback to CDMA2000 1xRTT defined in TS 36.331.

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. This could be seen as Dual Rx configuration for CS fallback to CDMA2000 1xRTT defined in TS 36.331.

RAN2 discussed this issue in the last two meetings, but did not conclude this issue and provide an LS response. This paper is aimed to address the issues and proposes a potential reply to SA2. 
2   Discussion
2.2   Dual Rx/Tx mode
In dual Rx/Tx mode, the UE can receive and transmit over both EPC/E-UTRA and 5GC/NR simultaneously. It can be assumed that the UE has two independent protocol stacks, and then can establish two separate RRC connections to eNB and gNB respectively. This dual registration mode has the following potential issues. 

(1) IMD issue due to dual Tx: 
IMD can occur when two or more signals are mixed through a non-linear amplifier device. Similar to this issue in EN-DC, the inter-modulation interference is caused to LTE frequency when UE transmits on NR frequency (3.5GHz) and LTE frequency (1.8GHz) at the same time. Since the IMD issue is specific to band combination and UE capacity, in EN-DC the UE can report the hard band combination to MCG according to its IMD handling capacity, then MCG can schedule this UE according to this reporting to ensure no simultaneous uplink transmission on hard band combinations by coordinating with SN. However, according to the LS from SA2, the RAN level coordination may not be achievable and is not assumed by SA2. 
Observation 1: Dual registration with dual Tx/Rx mode may lead to IMD issue and it is hard to handle this issue without tight coordination at RAN level.

(2) Uplink power sharing issue

In dual Rx/Tx mode, the uplink power will be shared by two uplink transmissions to E-UTRA and NR if they are scheduled simultaneously. The existing PHR mechanism may not help in this case because the gNB and the eNB have no idea when the UE will be scheduled by the other node and thus cannot perform power control accordingly.
Observation 2: The uplink power sharing issue caused by dual Tx mode cannot be addressed by the existing PHR mechanism.
(3) UE capability coordination between LTE and NR
When some RF capabilities are shared between LTE and NR, the configuration (e.g., MIMO capacity) in one RAT may depend on the activity of the other RAT. Some UE capability coordination between the gNB and the eNB is needed to configure the UE in an efficient and appropriate manner. However, this kind of coordination seems not the assumption by SA2.
Observation 3: UE capability coordination between the two RATs is needed in dual RX/Tx mode dual registration.
2.3   Dual Rx (single Tx) mode
In dual Rx mode, UE only can receive over both EPC/E-UTRA and 5GC/NR simultaneously, but simultaneous transmissions are not supported. Then, UE can only keep idle in one of the two systems (system 1) while being connected in another one (system 2). When the UE needs to start RACH procedure to response a paging message or update tracking area from system 1, there are two possible choice for this UE.
· Choice 1: wait until the end of the UL data transmission in system 2.
· Choice 2: Stop the UL data transmission in system 2 directly.
The choice 1 will lead to the delay of paging response or TAU in system 1 and the choice 2 will cause UL traffic interrupted in system 2. The performance from the UE and network perspective may deteriorate dramatically without proper network coordination. As a result, it needs to enhance the current RAN2 specification to ensure dual registration with dual Rx (single Tx) mode work well.
Observation 4: For dual registration with dual Rx and single Tx, AS enhancements are needed to ensure its performance.
Based on observation 1, 2 3, 4, we think dual registration without significant AS efforts is not feasible from RAN2 point of view. However, according to timeline, RAN2 may not have time to discuss the potential issues and solutions for dual registration considering there are many other prioritized objectives in Rel-15 to be finished. As a result, we propose
Proposal: Send a reply LS to SA2 to inform them of the potential issues and suggest not supporting dual registration at least in R15.
3   Conclusion

The contribution addressed the impacts on dual registration. The resulting observations and proposals are as follows:
Observation 1: Dual registration with dual Tx/Rx mode may lead to IMD issue and it is hard to handle this issue without tight coordination at RAN level.

Observation 2: The uplink power sharing issue caused by dual Tx mode cannot be addressed by the existing PHR mechanism.
Observation 3: UE capability coordination between the two RATs is needed in dual RX/Tx mode dual registration.
Observation 4: For dual registration with dual Rx and single Tx, AS enhancements are needed to ensure its performance.
Proposal: Send a reply LS to SA2 to inform them of the potential issues and suggest not supporting dual registration at least in R15.
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