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1   Introduction
In RAN3 #92 meeting, the definition of eLTE eNB has been agreed:
eLTE eNB: The eLTE eNB is the evolution of eNB that supports connectivity to EPC and NG-Core.

Since both eLTE eNB and NR BS are connected to NG-Core and the RAN-CN interfaces are assumed to be the same, it is natural to discuss whether the management of eLTE eNB and NR BS could be unified to some degree. Obviously, common management is beneficial to simplify the design of NG-Core. In this contribution, we will focus on the management of idle UE mobility under eLTE eNB and NR BS with regard to NR location area management, and provide some related proposals.
2   Discussion 
At the beginning of NR deployment, it is possible that the NR coverage is discontinuous, e.g., the NR is only deployed at hotspots, while the LTE coverage is continuous. When there are both LTE and NR coverage, considering NR is the next generation RAT following LTE, it is reasonable that the policy is set that idle UE camps on NR with higher priority and the idle UE will camp on LTE only if NR is unavailable. Upon this assumption, we will discuss the idle UE mobility between LTE and NR cells.
First of all, the existing idle UE mobility between 2G/3G and LTE could be studied as the baseline. In legacy system, 2G/3G performs LA/RA management and LTE performs TA management for idle mode UE mobility independently. Take LTE system as an example, the idle UE is able to perform mobility without signalling exchange with EPC within the cells related to the configured TAI list. Considering the multi-RAT scenarios, when the idle UE performs inter-RAT cell reselection from 2G/3G cell to LTE cell, the TAU will be triggered. 

Similar to LTE system, there should be a TA-alike area concept in NR. To be simplified in this contribution, this NR area is named NR-TA. For LTE and NR, when the idle UE moves from LTE cell to NR cell, the NR-TAU should be triggered.

However, when the UE performs idle mobility between LTE and NR, i.e., inter-RAT cell reselection, frequently, lots of TAU/RAU will be triggered. As depicted in Figure 1, every time the idle UE switches camping between LTE and NR, the TAU/NR-TAU will be triggered to exchange information with core network for registration and it can be seen that four times of registrations are performed during UE mobility in the figure. TAU/NR-TAU requires lots of signalling exchange and frequent TAU/NR-TAU will increase the network load heavily. 
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Figure 1: Idle UE mobility between LTE and NR

Proposal 1: For LTE and NR, the potential frequent TAU issue caused by idle UE inter-RAT cell reselection should be resolved.

It should be noticed that, at the beginning of LTE deployment, the LTE was deployed discontinuously and 2G/3G provided continuous coverage. The idle UE mobility scenarios between 2G/3G and LTE are similar to the scenario described above and RAU/TAU was triggered frequently at that time ISR [2] (Idle mode Signalling Reduction) was introduced to provide a mechanism to limit signalling during inter-RAT cell reselection in idle mode caused by frequent RAU/TAU. It enables the unified management of RA in 2G/3G and TA in LTE by interaction between SGSN and MME.
In details, when this function is activated, the UE is indicated to maintain both RAI and TAI list and the SGSN and MME maintain two set of idle management for this multi-RAT UE respectively. Then the UE is able to perform inter-RAT cell reselection in idle mode within 2G/3G and LTE cells related to the RAI and TAI list without RAU/TAU procedures. In addition, when any service is triggered, the paging should be performed in both 2G/3G and LTE cells.
For the legacy LTE and NR, there are also two core networks, i.e., EPC and NG-Core. It is similar to the architecture of SGSN+MME in 3G and LTE coexistence scenarios and it seems the existing function could be reused between EPC and NG-Core. 

Proposal 2: For legacy LTE and NR which are connected to EPC and NG-Core respectively, the existing function between 3G and LTE can be reused.

Considering definition of the new eLTE eNB, both eLTE eNBs and NR BSs are connected to NG-Core, thus there is only one core network which is different from the legacy architecture. However, the requirement of avoidance of frequent TAU/NR-TAU does exist and it should be studied.

Proposal 3: With respect to the scenarios in which eLTE eNB and NR BS are both connected to NG-Core, the potential frequent TAU/NR-TAU issue needs to be solved.
The following options are proposed to help manage location area between eLTE eNBs and NR BSs. 
· Option 1: Coordinated TA management
In this option, NR-TA is defined for NR independently and it is similar to TA to LTE, and LA/RA to 2G/3G. Both TA and NR-TA could be managed by NG-Core, i.e., NG-Core is able to configure UE with TA and NR-TA list at the same time. When paging is triggered, there will be two kinds of messages, one for eLTE eNB with TAI list and the other for NR BS with NR-TAI list.
· Option 2: Common TA management
Since the RAN-CN interfaces for eLTE eNB and NR BS are the same, it is a simple way to adopt the same mechanism for two RATs, i.e., TA is reused in NR systems and NR-TA is equal to TA. Upon this assumption, NG-Core is able to configure UE with one TAI list without knowing the RAT info. In general, all the cells of eLTE eNBs and NR BSs in the dedicated area are managed together by NG-Core and the multi-RAT capable UE is able to perform inter-RAT mobility in idle mode without triggering TAU. 

In summary, the location area management function for NR could be possibly supported by taking unified or common TA ways into account. It will help reduce the complexity of NG-Core and solve the frequent TA updates issue.
Proposal 4: The two options including coordinated TA and common TA management can be considered.
3   Conclusion
In this contribution, we discussed the location area management for idle UE and provided the following proposals. Further study depends on the coordination with RAN2 on whether the idle mode exists in NR or not. 
Proposal 1: For LTE and NR, the potential frequent TAU issue caused by idle UE inter-RAT cell reselection should be resolved.  
Proposal 2: For legacy LTE and NR which are connected to EPC and NG-Core respectively, the existing function between 3G and LTE can be reused.

Proposal 3: With respect to the scenarios in which eLTE eNB and NR BS are both connected to NG-Core, the potential frequent TAU/NR-TAU issue needs to be solved.

Proposal 4: The two options including coordinated TA and common TA management can be considered.
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5   Text Proposals

START OF CHANGES

7.2.X
Inter-RAT cell re-selection
Considering that at the beginning of NR deployment, the continue NR coverage may not available. During the idle UE mobility, the frequent location area update procedures will be triggered when the idle UE performs inter-RAT cell reselection and the scenario could be depicted in Figure 7.2.X-1. 
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Figure 7.2.X-1: Idle UE mobility between LTE and NR

The frequent NAS message transmission will increase both LTE and NR systems load heavily. To resolve this problem, the following functions should be supported:

For legacy LTE and NR which are connected to EPC and NG-Core respectively, the exiting function between 3G and LTE can be reused. This function enable idle UE to perform inter-RAT cell reselection upon the interaction between EPC and NG-Core.

For evolved LTE and NR which are both connected to NG-Core, the unified TA management should be supported. Alternative, unified TA management can be achieved by the following two options:

Option 1: Independent NR-TA definition will be introduced for NR and coordinated management between NR-TA and TA will be performed by NG-Core to enable idle UE inter-RAT cell reselection without informing NG-Core.

Option 2: TA concept of LTE will be reused for NR and common TA management will be performed by NG-Core to enable idle UE inter-RAT cell reselection without informing NG-Core.
END OF CHANGES
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