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1   Introduction
At RAN2#102 meeting, it was concluded that the R15 WI of LTE connectivity to 5G-CN is completed (with ASN.1 work on-going in Q3). Considering that the intention of this WI is to develop and specify necessary enhancements to connect E-UTRA to 5GC, in order to maximize the value of LTE by providing LTE users with 5GC features, and considering that SA2 has already started the study on R16 5GS enhancements, we should discuss the possible related  enhancements on LTE connectivity to 5G-CN.
This contribution is to provide the motivation to continue to enhance LTE connectivity to 5GC in Rel-16. 

This will be useful both for option 5 and option 7 architecture option. 
2   Discussion

2.1   Rel-15 scope and status of WI LTE connectivity to 5G-CN
Considering that there are numerous new services emerging, such as Internet of Things (IoT), cloud-based services, industrial control, autonomous driving, mission critical communications, the 5GS is expected to meet the requirements of all kinds of services with significantly different traffic characteristics efficiently and flexibly. 
As one step of migration path to 5G for operator, LTE connectivity to 5GC is proposed to provide users with 5GC features, while leveraging the LTE coverage and air interface. The objectives of LTE connectivity to 5GC (aka “option 5”) in Rel-15 were to specify E-UTRA protocols enhancements to support network slicing, flow based QoS, RRC_INACTIVE state, new security scheme, CN selection between EPC and 5GC, and intra-LTE HO between EPC and 5GC[1], which are completed in details as follows.
	Item
	Enhancements on E-UTRA Specs

	Network slicing
	RRC spec enhancement to include S-NSSAI report in Msg.5

	Flow based QoS
	User Plane (UP) stack enhancement to apply NR PDCP and SDAP; RRC spec enhancement to configure NR PDCP and SDAP

	RRC_INACTIVE state
	RRC spec enhancement to include suspend procedure, resume procedure, RANU procedure, RAN paging procedure and broadcasting inactive state related information in System Information (SI).

Inactive mode behaviour added in TS 36.304.

(RAN3 specs to include RAN paging procedure, context fetch procedure, path switch procedure and data forwarding procedure.)

	New security
	5G security capability obtained by RAN (mainly CT1 and RAN3 work) for AS security negotiation.

	CN selection 
	RRC spec enhancement to include CN type broadcasting in SI, CN type indicator from UE in Msg.5.

Idle mode behaviour revision to include CN type selection together with PLMN selection in TS 36.304.

	intra-LTE HO between EPC and 5GC
	RRC spec enhancement to indicate target CN type in Hand Over (HO)  command.

	Unified Access Control
	RRC spec enhancements to include UE behaviour to perform Unified Access Control  scheme and Access Control related information broadcasting in SI.

	Protocol stacks
	Control Plane enhancement to apply NR PDCP for all RRC message except Msg 5 during initial access.

UP enhancement to apply NR PDCP and SDAP for all DRBs.

	Others
	RRC spec enhancements on Msg.3, Msg. 5, SI and paging to include 5G specific identifiers, such as 5G-S-TMSI, TAC, AMF id.


2.2   Motivation of the WI

With regards to time limitation in Rel-15, some issues have been brought up, but not been fully discussed or addressed. For example, the RRC reestablishment from E-UTRA/5GC to NR is not supported, even though the seamless HO between E-UTRA/5GC and NR is supported. And the ANR enhancement to support discovery and report CN type was proposed several times, but the detailed stage 3 work was not done in Rel-15. In addition, in the 5GS security framework, the Integrity Protection is introduced to User Plane in RAN, which is an effective way to protect user data from security attack. However, due to time constrains, it is not supported in Rel-15 E-UTRA/5GC. All the Rel-15 leftover above should be done in Rel-16, since if they are not, it is not good for the UE mobility experience and the AS security. 

There is on-going work on network slicing enhancement in SA2 to address the network slicing open issues which are left over from Rel-15 and study the possible enhancement for the Network Slicing interworking with EPC for Connected and Idle modes. RAN work is also needed. In addition, in Rel-15 RAN is not aware of network slices, then the resource allocation and mobility management could not be performed flexibly and efficiently based on the different slice requirements. It is assumed that there are mainly 3 types of network slices, i.e. eMBB, URLLC and mMTC. In E-UTRA connected to EPC, short TTI and NB-IoT are supported, and E-UTRAN provides some schemes to let the UE know the network capability, and vice versa. Therefore E-UTRAN has the basis for RAN slice awareness and flexible L1/L2 configuration. Hence, to incorporate slice types of URLLC and mMTC into a general slice management framework to support UE associated to multiple slices in E-UTRA/5GC may be easy.
In NG-RAN, a new RRC state, i.e. RRC_INACTIVE state was introduced in Rel-15 as an important RAN feature, to save signalling overhead and reduce latency for UE entering RRC_CONNECTED mode. To better leverage the advantages of RRC_INACTIVE state, the direct data transmission should be supported for small data. 
In Rel-15, SA2 confirmed in S2-175192 [2] that there are some features supported by EPC but not to be supported in 5GS Phase 1, then RAN2 had made the agreement that the corresponding RAN functions are not supported for E-UTRA/5GC in Rel-15, such as for example CIoT CP and UP optimizations [3]. However, it is assumed that most of the features will be supported by 5GC in Rel-16, then how to handle them in LTE connectivity to 5GC should be further studied in Rel-16. So far, SA2 has already approved a New SID on Cellular IoT support and evolution for the 5G System for Rel-16 [4], with target date Sept. 2018. After that,  the corresponding work item should start, so it makes sense that RAN2 continue to discuss how to handle the RAN part work to support 5GS CIoT for E-UTRA/5GC under the WI of LTE connectivity to 5GC in Rel-16. Especially, in E-UTRA, there are NB-IoT and eMTC to provide UE MTC service connected to EPC, then connecting the legacy NB-IoT and eMTC to 5GC is a more straightforward way for 5GS Cellular IoT support for E-UTRA/5GC. However, since 5GC does not necessarily follow legacy LTE way, then the CN impact and RAN3 interface (i.e. NG interface and Xn interface) impact should be further discussed case by case based on the outcome of SA2 after the SI on Cellular IoT support is completed.
Except the legacy EPC features, it is foreseen that 5GC will consider more new features in Rel-16, to fulfil the demands of vertical markets and applications. Currently, several new 5GC features are under studying by SA2, which are expected to impact on RAN. 
· Study of enablers for Network Automation for 5G [5], which is supposed to be completed by June 2018. The scope includes for example: 

· Customized mobility management per UE e.g. paging enhancements and mobility pattern; 

· 5G QoS enhancement e.g. 5G QoS target fulfilment verification and QoS profile for non-standardized 5QI; 

· Dynamic traffic steering and splitting, UPF selection, UE traffic routing policies based on UE’s service usage behaviour.
· Study on Enhancement of URLLC supporting in 5G [6], in order to be able to provide data transfer capability with strict performance requirements, e.g. very low latency and high reliability requirements, which is supposed to be completed by Dec. 2018.

· Study on the Wireless and Wireline Convergence for the 5G system architecture [7], which is supposed to be completed by June 2018. The scope includes for example identification of the impacts on mobility, session management and interaction with Access Traffic Steering, Switching and Splitting for UEs accessing the 5G convergent network and investigation on whether enhancements are needed.
· Study on Application Awareness Interworking between LTE and NR [8], which is supposed to be completed by March 2019. The scope includes for example study the mechanisms to address use cases dealing with policy driven selection of E-UTRA or NR based on certain criteria (e.g. for a given DNN or a QoS flow)  associated with user applications by the core network (other than voice and emergency calls).

There should be RAN work to provide an end-to-end a solution for the above new features, and the E-UTRA/5GC impact should be study and specified under this WI in Rel-16.
In summary, the scope of LTE to new core enhancements includes the following aspects: 
· To finish Rel-15 leftover.
· To support Network slicing enhancement.
· To support INACTIVE state enhancement. 

· To support 5GC features supported in EPC but not in 5GC in Rel-15. 
· To support 5GC new features.
3   Conclusion
Since the WI of LTE connectivity to 5G-CN has been completed in RAN2#102 meeting, we would propose to have a follow-up work item in Rel-16 to standardize the enhancements listed above.  
The proposed WID description is in [9], for approval.
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