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According to the LS from SA2 [1], SA2 is designing a new functionality of dual registration in both EPC and 5GC, and asking RAN2 to evaluate the feasibility and potential issues for “UE's to operate in Dual Rx/Tx and Dual Rx modes”, in absence of tight coordination at RAN level between the two systems. In this contribution, we provide the detailed analysis on feasibility and issues in RAN for dual camping UE.
Discussion
1 
2 
Clarification of scenarios for dual camping UE
Regarding the deployment scenarios, according to the current NR discussion, the EPC can be connected via LTE (i.e. legacy LTE) or NR (i.e. only the SCG of EN-DC), and the 5GC can also be connected via LTE (i.e. eLTE) or NR (i.e. NR standalone).  As a result, the dual camping scenarios include:
· Deployment scenario 1: RAN (LTE) + CN (EPC); RAN (NR) + CN (5GC)
· Deployment scenario 2: RAN (LTE) + CN (EPC); RAN (LTE) + CN (5GC)

Regarding the AS state machine, according to the LS [1], “UE is also assumed to listen to paging channel in both E-UTRA and NR simultaneously”. This means that the intention of supporting the dual camping UE is to allow the UE to receive two paging(s) from two different RATs, and then to enter the CONNECTED in two different RATs. This means that the AS state machine from two RATs should be independent of each other. The combinations of the UE state machine of AS in two RAT include:
· AS state combination 1: LTE (IDLE) + NR (IDLE)
· AS state combination 2: LTE (CONNECTED) + NR (IDLE)
· AS state combination 3: LTE (IDLE) + NR (CONNECTED)
· AS state combination 4: LTE (CONNECTED) + NR (CONNECTED)
· AS state combination 5: LTE (IDLE) + LTE (IDLE)
· AS state combination 6: LTE (CONNECTED) + LTE (CONNECTED)
· AS state combination 7: LTE (IDLE) + LTE (CONNECTED)
Here we consider that the impacts on the light-connected/INACTIVE state would be the same as the IDLE state.

Regarding the UE capability of simultaneous Rx or Tx, SA2 is considering the following three types of UEs:
· UE Type 1: Dual Rx + Dual Tx
· UE Type 2: Dual Rx + Single Tx
· UE Type 3: Single Rx + Single Tx

The following discussions are provided based on the scenarios provided above. As SA2 is asking the potential restrictions “in absence of tight coordination at RAN level between the two systems”, we consider that there is no direct interface between the two RAN nodes (i.e. one connected to 5GC, and another connected to EPC). In general we consider that it is feasible to support all three types of UEs without the direct interface between the two RAN nodes, but some enhancements in RAN are required to resolve the potential issues as observed below.
Potential technical restrictions on the dual registration UE
Here we are trying to summarize the potential technical restriction for all three types of UEs as listed above. The summary table is given below. The detailed analysis can be found in the sub-section of Section 2.2.
Table 1: Technical restrictions for dual registration
	UE Type
	Technical restrictions

	Dual Rx + Dual Tx
	· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· The UE may not be able to keep two simultaneous active uplink due to the limited transmission power.


	Dual Rx + Single Tx
	· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· Potential collision of UL transmissions from two RATs, e.g. simultaneous connection setup procedure between two RATs.


	Single Rx + Single Tx
	· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· Potential collision of UL transmissions from two RATs, e.g. simultaneous connection setup procedure between two RATs.
· Potential collision of paging(s) between two RATs.
· Potential collision between paging and DL data reception between two RATs, e.g. one RAT in IDL and another RAT in CONNECTED.
· Potential collision of DL data receptions, e.g. both RATs are in CONNECTED.





Dual Rx + Dual Tx
Issue 1: camping state change (between single camping and dual camping)


Figure 1: Camping state change
From our understanding, the UE initial state could be either single camping or dual camping. If the UE initial state is single camping, then the RAN needs to support the UE to select/reselect to another RAT (e.g. NR), but still keep camping in one RAT (e.g. LTE), as shown in Figure 1 (from left to right). According to the current RAN specification (i.e. both NR and LTE), when the UE perform the inter-RAT re-selection to another RAT (e.g. from LTE to NR), the camping on one RAT (e.g. LTE) will be lost. On the other hand, while the UE is in dual camping, the UE could be moving around and enter the coverage hole of one RAT (e.g. LTE), and then the UE would lose the connection to one RAT (e.g. cannot be paged via LTE) but still keep the connection to another RAT (e.g. NR), as shown in Figure 1 (from right to left). From our understanding, the coverage hole is a deployment issue, and the network can finally detect the loss of the UE in one RAT via paging. But the UE should be able to change its camping state from dual camping to single camping, and try to get back to the dual camping.

Issue 2: Unexpected measurement and cell re-selection while dual camping


Figure 2: Unexpected measurement and cell re-selection while dual camping
According to the current LTE specification, the rule of another inter-RAT frequency (e.g. NR) with a reselection priority higher than the reselection priority of the current RAT frequency (e.g. LTE) could be broadcast in SIBx. As the example given in Figure 2, the UE camping in both NR frequency (e.g. F3) and LTE frequency (e.g. F1) could meet the case that the cell quality of one RAT is below the threshold configured by the network (e.g. (Srxlev(F1) <= SnonintraSearchP(F1))), but the cell quality of another RAT is still above the threshold configured by the network (e.g. (Srxlev(F3) > SnonintraSearchP(F3))). However the NR frequency could have higher priority than LTE frequency, and then the UE will trigger inter-RAT measurement on F4 of the NR frequency. Then the measurement on F4 is not expected, as the UE has already camped on F3 of the NR frequency which has a good radio condition. Furthermore, the UE could even trigger the inter-RAT re-selection from F1 to F4, instead of re-selecting to F2 of the LTE frequency. This would lead to the loss of the camping in LTE.

Issue 3: Inter-modulation issue due to simultaneous uplink transmission
As the UE could receive two paging(s) from two RATs at the same time, and even stay in CONNECTED at the same time. Then the UE is expected to perform simultaneous uplink transmission in both NR and LTE frequencies, and this could lead to the interference on the downlink reception of a LTE frequency. This same issue has already been discussed in EN-DC. As there is no direct interface between the two RAN nodes, more enhancements could be needed.

Issue 4: Capability reduction
As the UE capability regarding RF capability, baseband capability and processing capability could be shared between two RATs, when the UE changes the registration state from single registration to two dual registration, the UE may need to reduce its capability in one RAT. There are two potentially ways for the UE to reduce its capability. One is to use the “detach+attach” procedure, and another is to use the dynamic capability change procedure as already agreed in RAN2. 

Issue 5: uplink power sharing.
The UE capability of uplink transmission power could also be shared by two RATs. According to RAN4 specification [2], the UE is allowed to have power backoff on each RAT while having simultaneous uplink transmission in two RATs. But no specific RAN4 requirements are defined for the power backoff in the inter-RAT scenario. Then the UE may not be able to keep two simultaneous uplink due to the uplink power limitation.

Observation 1: The potential issues for dual Rx + dual Tx in RAN2 include:
· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· The UE may not be able to keep two simultaneous active uplink due to the limited transmission power.

Dual Rx + Single Tx


Figure 3: Unlink transmission collision
For the UE which is capable of Dual Rx + Single Tx, the issues for Dual Rx + Dual Tx UE are still valid, except for the IMD issue. One more issue is that while the UE is receiving two paging(s), the UE could trigger RRC connection setup procedure in both NR and LTE. Then the UE could encounter the uplink transmission collision during the state transmission from IDLE to CONNECTED and during CONNECTED, as shown in Figure 3.

Observation 2: The potential issues for dual Rx + single Tx in RAN2 include:
· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· Potential collision of UL transmissions from two RATs, e.g. simultaneous connection setup procedure between two RATs.

Single Rx + Single Tx
For the UE which is only capable of Single Rx + Single Tx, the issues for Dual Rx + Single Tx UE are all valid. Furthermore, the UE will encounter more issues on the transmission and reception of both downlink and uplink. For example, NR and LTE are using the same formula to calculate the UE paging occasion. If there is no coordination, the paging occasions between two RATs could be collided with each other. The paging collision has already been observed in the market for the dual camping UE with two independent SIM cards in both LTE and UMTS, and this will cause increased call drop rate.

Observation 3: The potential issues for single Rx + single Tx in RAN2 include:
· The UE may not be able to select/re-select to another inter-RAT (e.g. NR) while remaining camping on one RAT (e.g. LTE).
· The UE may trigger unnecessary measurement due to the inter-RAT re-selection.
· The UE may lose the camping of one RAT due to the inter-RAT re-selection.
· The UE may have IMD issue due to simultaneous uplink transmission, alike EN-DC.
· The UE may need to reduce its radio capability in both RATs.
· Potential collision of UL transmissions from two RATs, e.g. simultaneous connection setup procedure between two RATs.
· Potential collision of paging(s) between two RATs.
· Potential collision between paging and DL data reception between two RATs, e.g. one RAT in IDL and another RAT in CONNECTED.
· Potential collision of DL data receptions, e.g. both RATs are in CONNECTED.

Feasibility analysis on dual registration.
To facilitate the dual registration discussion in SA2, we consider that the reply LS may only focus on evaluating whether the UE can keep two RRC connections active for two RATs at the same time if no enhancements are introduced, as if the UE can keep two connections active at the same time there is no extra impacts in SA2. For the dual IDLE mode UE, we consider that the performance impacts may not be so urgent for the dual registration UEs. According to the analysis on the technical restriction given above, a summary table on whether the UE can keep two connections active at the same time is given below:
Table 2: Feasibility on keeping two active connections
	UE Type
	Yes/No?
	Reason(s)

	Dual Rx + Dual Tx
	No
	The UE may not be able to keep two simultaneous uplink transmission due to the inter-modulation issue and the limitation of uplink transmission power.

	Dual Rx + Single Tx
	No
	The UE is not capable of simultaneous uplink transmission.


Observation 4: For both “Dual Rx + Dual Tx” and “Dual Rx + Single Tx”, the UE may not be able to keep two connections active at the same time.
Proposal: To inform SA2 that the UE operating in either Dual Rx/Tx or Dual Rx may not be able to keep two connections active at the same time.

Conclusion
According to the analysis given above, we observed several issues for different types of UEs in dual registration mode. To reduce RAN2 discussion time, we consider that RAN2 only inform SA2 on the feasibility of keeping two connections active at the same time for different types of UEs.
Proposal: To inform SA2 that the UE operating in either Dual Rx/Tx or Dual Rx mode may not be able to keep two connections active at the same time.
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