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Introduction
It has been agreed that LTE should be connected to Next Gen CN (5G-CN) to support connectivity options 5 and 7/7a as well as support fast RAN level mobility to option 2. This contribution discusses the impacts on LTE specifications from this and identifies the needed work.
General assumptions
For E-UTRA connectivity to 5G-CN, we are making the following assumptions:
1. LTE connected to 5G-CN will support the same features as current LTE unless explicitly indicated.
2. LTE UEs connected to 5G-CN will be multiplexed on the same carriers as LTE/EPC UEs.
3. Existing LTE functionality should be reused as much as possible to limit impacts of supporting 5G-CN and to as much as possible to get a single evolution track for LTE radio protocols regardless of CN.
To have a common baseline for discussions, we propose RAN2 to agree on those assumptions:
Agree the assumptions: 
- LTE connected to 5G-CN will support the same features as current LTE unless explicitly indicated.
- LTE UEs connected to 5G-CN will be multiplexed on the same carriers as LTE/EPC UEs.
- Existing LTE functionality should be reused as much as possible to limit impacts of supporting 5G-CN and to as much as possible to get a single evolution track for LTE radio protocols regardless of CN.


Assumptions on specifications
In RP-162518 [1] which was agreed at the RAN plenary it is assumed that the LTE RRC 36.331 is further evolved to support 5G-CN connectivity. This means that there will be a single LTE RRC protocol evolution regardless of CN. In some places it is expected that the RRC behavior may be different depending on which CN the UE is connected to. In this case special formulations such as “for UEs connected to 5G-CN” or “UE is in 5G-CN mode” can be used. This is to be decided during the detailed specification phase.
The assumption in [1] on using LTE RRC 36.331 for supporting Option 5 and 7/7a should be confirmed.
It is our assumption that the LTE RLC/MAC and PHY layers specifications are further evolved to support the 5G-CN case. Hopefully it is possible to make these specifications completely agnostic about CN the UE is connected to.
For PDCP layer special consideration is needed since the PDCP layer will potentially be affected by 5G-CN such as use of flow ID in the PDCP header. On the other hand, PDCP has some interaction with the lower layer (e.g. what functionality LTE RLC provides), as well as where the PDCP layer is anchored e.g MeNB or SeNB. It is proposed to study how PDCP should be specified further and which specification is meaningful. 

Study which PDCP specification is used for E-UTRA connected to 5G-CN

Impacts to support 5G-CN
This section discussed possible impacts in the following areas:
1. QoS
2. UE states
3. Initial CN selection
4. Access Control
5. Network Slicing
6. Security

QoS
The QoS concept discussed so far for 5G-CN and NR is different from the EPS bearer concept used in EPC/LTE. At least the following differences are identified:
1. There will be a two level mapping between IP flows to QoS flows to DRBs
2. The latter mapping is performed in the RAN and UE
3. Both explicit mapping (signaling based) and implicit mapping (reflective QoS) will be supported. 
It may be too early to fully identify the impacts on LTE for supporting the new QoS concept. Given though that there is an agreement to continue to use DRBs to handle QoS over the radio interface it is assumed the impacts on LTE radio interface is limited, e.g. 
4. Most likely there needs to be some changes to RRC to handle the mapping between QoS flows and DRBs
5. It should be checked if the number of DRBs in LTE are sufficient to support the new QoS concept.
· Given that the RAN can multiplex multiple QoS flows on the same DRB we think the default assumption should be that it is sufficient. 

It is proposed to consider the input presented in this contribution on impacts related to QoS.

UE states
The current thinking for 5G-CN and NR is that there will be support for a CN connected sleep state (RRC_INACTIVE) with similar battery saving performance as in LTE IDLE in EPC. This is different from LTE Rel-13 were the main UE sleep state is CN IDLE. It is however discussed for LTE Rel-14 as part of the Light connection WI to introduce a CN connected sleep state. Introducing this also for LTE when connected to 5G-CN seems reasonable in order to align UE behavior in NR and LTE, e.g. to avoid excessive signaling for UEs moving between the RATs, as well as benefiting from enhanced performance also for UEs connecting via LTE. 
When both LTE and NR is connected to 5G-CN, it is possible to introduce mobility between RATs in dormant state. This saves signaling as the context can be reused in the other RAT. This is more discussed in R2-1700493.

The new CN Connected sleep state currently being considered for LTE Rel-14 should also be supported for LTE connected to 5G-CN.
It is proposed to call new state RRC_INACTIVE as currently used for NR.
It should be possible to move between RRC_INACTIVE in LTE and NR without entering RRC_IDLE.

Below is a proposed high level state machine for LTE and NR RRC states when connected to 5G-CN. The state model also shows the transitions between RRC_CONNECTED and RRC_IDLE on both side. Additionally, it could be considered to support RRCConnectionRelease with re-direct information across the RATs.


Figure 2 Propose 5G-RAN state model
Proposal 7: The 5G-RAN state model shown in Figure 2 should be adopted in TR.


Initial CN selection and NAS
In the case of LTE connecting to 5G-CN the same LTE radio interface will be used for UEs connecting to both EPC CN and 5G-CN. Most likely these UEs will use different NAS protocols depending on the CN used. The following RAN impacts are assumed: 
1. The support for 5G-CN need to be broadcasted in LTE system info to enable 5G-CN capable UEs to connect to 5G-CN (and stay connected to 5G-CN) and use the correct NAS protocol.
2. For UE initiated 5G NAS procedures there needs to be a way for the RAN to route the messages to the right CN. For initial attach a special indication would be needed, for subsequent signaling it may be possible to use the temporary NAS identifier e.g. GUTI.
In addition to the impacts above, any RRC / NAS interactions need to be studied to ensure LTE RRC can support the 5G NAS behavior.
LTE should broadcast support for 5G-CN
The UE should at initial attach indicate that it is connecting to 5G-CN
It should be studied how sub-sequent NAS signaling (after initial attach) should be handled in LTE RRC specification.

Access Control
In R2-1700397 a new generic access control framework is proposed for NR. Assuming this concept is agreed the question is raised if similar concept should also be applied to E-UTRA for UEs connected to 5G-CN. The drawback with this would be that this would mean that yet another access barring scheme in addition to the many existing would need to be introduced in LTE and in this case just for the sake of future compatibility. Another issue is that the E-UTRA radio will also be shared with UEs which are connected to EPC so it needs to be considered if the new generic access control frame work should also be applied for later releases of EPC.
Possible way forward:
· Re-use legacy barring for 5G-CN attached UEs in E-UTRA
· If further evolution of access barring is considered for E-UTRA try to adopt a solution which is compatible with the NR solution

Consider to not change the E-UTRA access barring scheme meaning LTE UEs connected to 5G-CN should apply legacy access barring scheme when connected to LTE and new barring scheme when connected to NR. The need for mapping functionality between the two concepts are FFS.


Network Slicing
Network slicing is a concept enabling operators to support e2e logical network optimized for a specific business scenario on top of shared or dedicated infrastructure. If network slicing is supported in NR it makes sense to also support it in LTE connected to 5G-CN given that a given UE connected to a given slice could at any time move between NR and LTE coverage. 
Network slicing should be supported for LTE UEs connected to 5G-CN
In order to support network slicing in LTE there is a need to support various features such as slice selection, resource sharing, protection of common channels etc. Given that LTE is an existing RAT and the radio resources are shared with legacy UEs not supporting network slices there could for some features be limitations on the flexibility for supporting network slicing in LTE.
It should be studied further if there are any possible limitations when slicing is introduced in LTE 
Security
As stated before it has has been agreed that tight RAN level inter-working shall be supported between LTE and NR connected to 5G-CN. In order to allow such tight level of inter-working it would be required that the UE in connected mode is able to move between NR and LTE, and DC LTE/NR without involving the CN (e.g. for Xn handovers). This mobility is expected to be controlled by the RAN. In order to support such mobility it is beneficial if the security context retrieved from the 5G-CN is the same or harmonized for LTE and NR so that the UE can establish the context in one RAT, which can be used in the other RAT (e.g. to derive keys to be used in the other RAT). 
To minimize the migration impacts on LTE it is also desirable if this security context and AS security architecture for NextGen system are based on LTE. E.g. the security context contains the same parameter such as KeNB, Next Hop NH etc. How the security context (e.g. keys) is generated in 5G-CN could however be different from EPC without impacting LTE RAN assuming the RAN security context is the same e.g. the same Key size is used, the same NH concept is used. Anyhow, we consider that these aspects need to be discussed in SA3.
SA3 should be informed about the assumptions to support tight RAN level inter-working and the need for harmonized RAN security context for LTE and NR, and the need to minimize migration impacts for supporting NextGen Security in LTE.


Conclusion
The following assumptions are made:
1. LTE connected to 5G-CN will support the same features as current LTE unless explicitly indicated.
2. LTE UEs connected to 5G-CN will be multiplexed on the same carriers as LTE/EPC UEs.
3. Existing LTE functionality should be reused as much as possible to limit impacts of supporting 5G-CN and to as much as possible to get a single evolution track for LTE radio protocols regardless of CN.

1.  	Agree the assumptions:
- LTE connected to 5G-CN will support the same features as current LTE unless explicitly indicated.
- LTE UEs connected to 5G-CN will be multiplexed on the same carriers as LTE/EPC UEs.
- Existing LTE functionality should be reused as much as possible to limit impacts of supporting 5G-CN and to as much as possible to get a single evolution track for LTE radio protocols regardless of CN.

The assumption in [1] on using LTE RRC 36.331 for supporting Option 5 and 7/7a should be confirmed.
Study which PDCP specification is used for E-UTRA connected to 5G-CN
It is proposed to consider the input presented in this contribution on impacts related to QoS.
The new CN Connected sleep state currently being considered for LTE Rel-14 should also be supported for LTE connected to 5G-CN.
[bookmark: _GoBack]It is proposed to call new state RRC_INACTIVE as currently used for NR.
It should be possible to move between RRC_INACTIVE in LTE and NR without entering RRC_IDLE.
LTE should broadcast support for 5G-CN
The UE should at initial attach indicate that it is connecting to 5G-CN
It should be studied how sub-sequent NAS signaling (after initial attach) should be handled in LTE RRC specification.
Consider to not change the E-UTRA access barring scheme meaning LTE UEs connected to 5G-CN should apply legacy access barring scheme when connected to LTE and new barring scheme when connected to NR. The need for mapping functionality between the two concepts are FFS.
Network slicing should be supported for LTE UEs connected to 5G-CN
It should be studied further if there are any possible limitations when slicing is introduced in LTE 
SA3 should be informed about the assumptions to support tight RAN level inter-working and the need for harmonized RAN security context for LTE and NR, and the need to minimize migration impacts for supporting NextGen Security in LTE.
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