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1. Introduction
The new WI for “LTE connectivity to 5G-CN” [1] aims to introduce the necessary enhancements for E-UTRAN connection to 5G-CN. Some of these have already been discussed during the NR SI [2].
This contribution discusses the stage-2 level aspects of LTE connectivity to 5G-CN with associated proposals.
2. Discussion
Deployment scenarios for eNB connected to 5G-CN via NG interfaces were captured in [2] where eNB can be a master node for the NSA scenario as well as without any connection to NR gNBs.
For the E-UTRA connected to 5G-CN, we will use the term “eLTE” and the base station will be called “eLTE eNB” consistent with the TR [2] . 

The main areas of enhancements needed for eLTE, as captured in the WID, are:
· Network Slicing

· Flow based QoS

· New security scheme (if any)

· Simultaneous support of eLTE and LTE UEs 
· NAS Node Selection by eLTE eNB based on UE NAS type selection
· Unified Access Control Mechanism

· Handover between LTE-EPC and eLTE-5GCN
The handover between LTE cells connected to the EPC and eLTE cells connected to 5G-CN can be regarded as inter-RAT handover as in between LTE and NR and should use the CN based handover mechanism. Therefore, this topic should be discussed in RAN3 and SA2. From RAN2 perspective, the inclusion of the necessary RRC containers will be similar to S1 handover and RAN2 can specify these based on SA2/RAN3 conclusions.

Observation 1: Handover between LTE and eLTE is done via CN and should be discussed in RAN3 and SA2. An LS should be sent to these groups to initiate this discussion.
For the control plane of eLTE with 5G-CN, it was agreed in RAN2#97 that “the LTE RRC protocol should be used as baseline, and some enhancements (e.g. for new QoS related configuration in RRC) will be introduced in the LTE RRC protocol (i.e. 36.331) to support the NextGen Core.”. Since this does not seem to be explicitly stated in the TR, it would be useful to capture this as an agreement.

Proposal 1: For eLTE, RRC will be based on LTE RRC. LTE RRC needs to be enhanced to support 5GCN Connectivity 
For the UE to select and connect to an eNB, it needs to know which CNs the eNB supports as otherwise this will cause unnecessary signaling and possible rejections. Therefore, as also captured in the TR, the NAS specific parameters for both EPC and 5G-CN should be broadcasted. In addition, the support of 5G-CN itself can be broadcasted in minimum SI to help UE select the most appropriate cell.
Proposal 2: The support for 5G-CN & EPC connectivity and 5G-CN NAS parameters should be broadcasted by an eLTE eNB.
It was also agreed during NR SI that “It should be possible for LTE eNB to identify at latest by message 5 (message containing initial NAS message) whether the UE is connecting  to EPC or NG Core”. Since eNB has to select the appropriate CN (and slice as discussed below), it is beneficial for the eNB to get this information as early as possible.

Using msg1 means that premable space has to be partitioned between EPC and 5G-CN UEs which is not efficient. Msg3 is a more natural place to signal the CN choice; however there is currently only one single spare bit in msg3. The choice of msg3 will be necessary if the eNB needs to make any choices in RRC Connection Setup depending on the CN selected. Otherwise, msg5 will provide more flexibiltiy and will also include other new information such as slicing.
Proposal 3: RAN2 to select between msg3 or msg5 to signal the CN selected by the UE.

RRC Inactive mode will be introduced for NR. In parallel, Light Connection is under development for LTE. It is envisioned that these two states will be very similar in modeling and functionality. Therefore direct support of the Inactive mode for eLTE should come at a very low cost and will provide more efficient mobility between eLTE and NR in this mode.
Proposal 4: RRC_INACTIVE mode will be supported in eLTE connected to 5GCN.
Slicing Support
As mentioned in the WID, network slicing introduced for NR should also be applicable to eLTE. The following RAN functionality is required for this support [3]:

· The UE shall include the Requested NSSAI at RRC Connection Establishment and in NAS messages. The RAN shall route the NAS signaling between this UE and an AMF selected using the Requested NSSAI obtained during RRC Connection Establishment. If the RAN is unable to select an AMF based on the Requested NSSAI, it routes the NAS signalling to an AMF from a set of default AMFs.
· Upon successful Registration, the UE is provided with a Temporary ID by the serving AMF. The UE shall include this Temporary ID in any RRC Connection Establishment during subsequent initial accesses to enable the RAN to route the NAS signalling between the UE and the appropriate AMF.
· The (R)AN may use Requested NSSAI in access stratum signalling to handle the UE Control Plane connection before the 5GC informs the (R)AN of the Allowed NSSAI. The Requested NSSAI is not used by the RAN for routing when the UE provides also a Temporary User ID.

For eLTE to support slicing functionality, as described above, slicing information should be provided by the UE during RRC Establishment. It is still FFS “Whether NSSAI in RRC and NAS are exactly the same” and this is being discussed for NR itself as well. eLTE should adopt the same decision made for NR.
Proposal 5: The UE connected to eLTE includes NSSAI in RRC and NAS messages. Whether NSSAI are same for RRC and NAS will follow the conclusion for NR.

There is also ongoing discussion whether slicing information should be used by the UE for cell selection and reselection in NR. If this is adopted for NR, the same should also apply to eLTE.

Proposal 6: Consideration of slicing information for cell (re)selection in LTE will follow the NR decision on this issue.

User Plane
On the User Plane for eLTE, the following are stated in the TR:

For the User Plane of E-UTRA with NextGen Core, the LTE UP should be used as baseline and some enhancements (e.g. new QoS related UP operation) will be introduced to support the NextGen Core. In particular, the new user plane AS protocol layer above PDCP, accommodating all the functions introduced in AS for the new QoS framework, will also be applicable for E-UTRA with NextGen Core.
5G QoS model supports a QoS flow framework which provides finer granularity than a data bearer used in LTE. This should also be supported in LTE per WID objective. The main impact from RAN perspective for QoS flows was the introduction of SDAP layer for mapping QoS flows to bearers and marking QoS flow ID in both DL and UL. 
Proposal 7: SDAP sublayer will be supported in eLTE.

For UP below SDAP, the agreement during NR SI was to use LTE as a baseline. For NR, some changes have been introduced at RLC layer compared to LTE such as removal of concatenation and in-order delivery. Therefore, using NR RLC for eLTE will bring additional complexity. NR MAC structure is also different in both the packet format and functionality and should be kept same as LTE in eLTE. 
Proposal 8: LTE MAC and RLC are used without any changes in eLTE.
The difference between LTE and NR PDCP is more limited. The main change is making the reordering functionality already supported in LTE mandatory for all RLC modes. There are slight differences in packet headers. It is reasonable to go with either reusing LTE PDCP or adopting NR PDCP. The latter option will have the benefit of making eLTE more forward compatible with future changes introduced for NR and 5G-CN, including CU-DU split currently being specified in RAN3 and any enhancements to security and therefore is preferable. 
Proposal 9: NR PDCP should be adopted for eLTE.
In LTE, Access Control mechanisms includes Access Class Barring (ACB), Extended Access Barring (EAB), Service Specific Access Control (SSAC), CS fallback (CSFB), Smart Congestion Mitigation (SCM) and Application specific Congestion control for Data Communication (ACDC). The basic idea of ACB is to divide UEs into different groups called Access Classes, and then UE could check whether it is allowed to initiate a RRC connection setup procedure based on its AC and the corresponding ACB parameters broadcasted by E-UTRAN. RAN enhancements for CN Overload Control for MTC devices and   EAB for MTC to provide separate access control from ACB especially for RAN overload control. SSAC is applied at the upper layer (ex: IMS), access control is applied to mobile originated session request from idle mode for the MMTEL (Multimedia Telephony) voice or video.  Access control for CSFB provides a mechanism to prohibit UEs to access E-UTRAN to perform CSFB. It minimizes service availability degradation (i.e. radio resource shortage, congestion of fallback network) caused by mass simultaneous mobile originating requests for CSFB and increases the availability of the E-UTRAN resources for UEs accessing other services. ACDC is introduced to enable application specific access control. The basic procedure of Access Control of LTE is that in UE the NAS layer provides related parameters to AS layer, such as establishment cause value, and then AS layer reads the SI and performs access barring check. 

Since eLTE E-UTRA can support connections to 5GC and EPC simultaneously, it is required to provide Access Control for legacy UE accessing EPC and eLTE UE accessing 5GC. Here the question is that whether the NR unified ACB shall be used for eLTE UE, or just reuse LTE existing ACB solutions. Since unified access control is expected for NR which will impact the NAS and the UE will use the 5G NAS as NR when E-UTRA connects to 5G CN, therefore LTE supported ACB mechanisms does not work with 5GCN unless 5G NAS can be backward compatibility which seems not aligned with SA2 preference. 

In addition the barring parameters also consider the load situation of CN and policy of operator. For 5GC and EPC, likely the load situation is not same, besides, the services provided by 5GC may be different from EPC and network slicing specific Access Control may need to be supported by 5GCN and 5GRAN, therefore, eLTE E-UTRA should use the NR ACB mechanism for E-UTRA connected to 5G CN.
Proposal 10: eLTE E-UTRA connected to both EPC & 5GCN should support both legacy LTE barring mechanism for legacy LTE UEs connected to EPC and NR unified barring mechanism for eLTE UEs connected to 5GCN.
From security perspective, based on NR security agreements, it is desirable for eLTE connected to 5GCN to support NR security mechanisms. This approach allows eLTE to provide system security same as NR/5GCN and follows evolution of 5G Security aspects
Proposal 11: eLTE E-UTRA connected to 5GCN should adopt security mechanisms adopted by NR/5GCN.
3. Conclusion
In this contribution, we discussed E-UTRA connectivity to 5G-CN and propose the following:

Observation 1: Handover between LTE and eLTE is done via CN and should be discussed in RAN3 and SA2. An LS should be sent to these groups to initiate this discussion.

Proposal 1: For eLTE, RRC will be based on LTE RRC.

Proposal 2: The support for 5G-CN and EPC and 5G-CN NAS parameters should be broadcasted by an eLTE eNB.

Proposal 3: RAN2 to select between msg3 or msg5 to signal the CN selected by the UE.

Proposal 4: RRC_INACTIVE mode will be supported in eLTE.
Proposal 5: The UE connected to eLTE includes NSSAI in RRC and NAS messages. Whether NSSAI are same for RRC and NAS will follow the conclusion for NR.

Proposal 6: Consideration of slicing information for cell (re)selection in LTE will follow the NR decision on this issue.

Proposal 7: SDAP sublayer will be supported in eLTE.

Proposal 8: LTE MAC and RLC are used without any changes in eLTE.

Proposal 9: NR PDCP should be adopted for eLTE.
Proposal 10 :  eLTE E-UTRA connected to both EPC & 5GC should support both legacy LTE barring mechanism for legacy LTE UEs connected to EPC and NR unified barring mechanism for eLTE UEs connected to 5GCN.
Proposal 11: eLTE E-UTRA connected to 5GCN should adopt security mechanisms adopted by NR/5GCN.
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