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1
Introduction

This contribution analyses potential impacts to S1 interface for support of Dual Connectivity between NR and LTE (option 3/3a). The conclusion from the analysis is proposed to be captured in TR 38.801. 

2
Discussion

TR 38.801 lists the current understanding of Option 3/3a. It has been agreed to support dual connectivity between LTE and NR when connected to EPC as illustrated below. 





 EMBED Visio.Drawing.11 [image: image1.emf]LTE eNB

S-GW

gNB

S

1

-

U

Xx-U

S

1

-

U


Figure 10.1.2.2-2: C-Plane connectivity for Option 3/3a  

Figure 10.1.2.2-3: U-Plane connectivity for Option 3/3a

Option 3/3a is based on deploying NR as a complement (e.g. user plane boost) to existing or new LTE networks. For stand-alone deployment of NR it is required to use NG-CN (5G-CN) Option 2. As such it is expected that the NR specific impacts to EPC if any should be minimized in order to allow easy deployments of NR to existing LTE networks. 

The next section is performing an analysis of any potential impacts considering different procedures:

· Idle mode behaviour 

· Connection setup (Initial Context Setup)

· Addition/Modification/Release of NR SeNB

· Change of MeNB and/or SeNB (e.g. due to mobility)

· Network configuration aspects

3
Analysis of impacts

3.1
Idle mode behaviour

When the UE is in Idle there is no S1 connection. UE camps only on LTE cells. Paging is only supported in LTE cells. Whether the UE knows if NR is supported or not in the system is up to RAN2 to decide, but regardless of this there should be no impacts on S1 due to support of NR when the UE is in Idle. 

Conclusion 1: No impacts on S1 related to handling of Idle mode.

3.2 
Connection setup (Initial Context Setup)

At connection setup the RAN will need to be provided with information on whether the UE supports DC with NR. It is assumed this should be provide as part of the UE Radio Access Capabilities which is a container (content is defined in LTE RRC). This container will be transparently exchanged over S1, meaning that no impact on S1 is foreseen if such container is changed.

Conclusion 2: No impacts on S1 related to handling of UE radio access capabilities.

Additionally, it could be considered if the CN should be able to forbid/allow the UE from being configured to use DC with NR even if the UE is capable of doing this. 

The aspect to consider with respect to forbidding the use of DC in Option 3 is that the radio resources are not used in the most efficient way. E.g. Assuming a UE A is allowed to receive data up to 10 Mbps. 

· In case UE A is only allowed to use LTE, even if the UE is capable of using DC with NR, this means all of the UE A data need to be sent over LTE, even if the NR resources are not fully utilized. This further would mean that other LTE only UEs B and C would get worse performance since they need to share potentially congested LTE resources with UE A.

· In case UE A is allowed to use DC with NR, the RAN can use the optimal way (from a performance and resource usage point of view) to serve the UE up to fulfil the 10 Mbps bit-rate limit.

In conclusion the preferred choice should be for the CN to signal any restrictions to radio performance using normal QoS parameters and/or UE Aggregate Maximum Bit Rate.

It should be pointed out that this approach has been also followed for DC in LTE, namely limitations on QoS levels for the UE are only provided via QoS parameters and no restriction to the use of DC from the CN to the RAN is supported. The latter is because DC is a radio resource efficiency enhancer and its use is managed by the RAN, which is the node that is best aware of radio resource conditions and whether there is the need to poll radio resources from other nodes.

Conclusion 3: QoS configuration can be used to manage th quality of the radio performance received by the UE over the air
Regarding the maximum bit-rate IE in 3GPP TS 36.413 this is currently limited to 10 Gbps. It is assumed that theoretically NR performance can exceed this value. On the other hand, the benefits of defining and enforcing higher maximum bit-rates than 10 Gbps can be questioned. So for this reasons it may not be needed to change this IE.

Conclusion 4: It should be studied if the bit-rate IE should be updated in 36.413
3.3
Addition/Modification/Release of NR SeNB
Addition/Modification/Release of an SeNB will be signalled over the X2 interface (X2 is required for DC). In case the user plane (PDCP / S1-U) of one or more bearers is moved to/from the SeNB, the CN need to be updated with an E-RAB MODIFICATION INDICATION. This is however already supported for DC within LTE. Other than that the Addition/Modification/Release of an SeNB will be completely transparent to the CN, just like in the case of DC for LTE.

Conclusion 5: No impacts on S1 related to Addition/Modification/Release of NR SeNB
3.4 
Change of MeNB and/or SeNB (e.g. due to mobility)
It is expected that several different MeNB and SeNB change scenario will be supported for DC between NR and LTE. The TR 38.801 list the following:

-
Intra-MeNB handover involving SCG change

-
Change of SeNB

-
MeNB to eNB Change

-
SCG change

-
eNB to MeNB change

-
Inter-MeNB handover without SeNB change

For mobility scenarios supported over X2 the RAN will update the CN with the PATH SWITCH or E-RAB MODIFICATION INDICATION procedures depending on the scenario. In the case of handovers over X2 or via the CN (e.g. MeNB changes) the Handover Restriction List already regulates where a UE can be handed over and where not. Moreover, for handover scenarios via the CN (S1 handover), all the LTE DC related information is currently exchanged as part of AS Config in the Source to Target Transparent Container and Target to Source Transparent Container specified in RRC 36.331. It is assumed that similar principle is adopted for LTE/NR DC related information exchanged by LTE eNBs. All the above implies that no impacts on the S1 is foreseen to support changes of MeNB and/or SeNB..

Conclusion 6: No impacts on S1 related to change of MeNB and/or SeNB.

3.5
Network configuration aspects

The NR gNBs will not have any S1-MME control plane interface. This means that the MME will not see the NR nodes and will also not be able to exchange TNL addressing via the SON Configuration Transfer procedure. It is assumed other mechanism to setup the X2 connectivity such as OAM configuration of DNS lookup will be used in the RAN to determine TNL addressing for X2 setup.

For S1 setup between the LTE eNB and MME, given the analysis above, we do not see any need to exchange information about support for Dual Connectivity with NR. Especially also since the UE is not camping on NR cells or listen for CN paging in NR cells or TAs.

Conclusion 7: No impacts on S1 related to network configuration.
4
Conclusion

This paper analyses the potential impacts of supporting Option 3/3a on the S1 interface. The paper concludes that there is no impact foreseen on the S1 to support Option 3/3a and therefore the S1 may be considered ready to allow use of Option 3/3a. The following conclusions have been captured in the paper:

Conclusion 1: No impacts on S1 related to handling of Idle mode.

Conclusion 2: No impacts on S1 related to handling of UE radio access capabilities.

Conclusion 3: QoS configuration can be used to manage th quality of the radio performance received by the UE over the air
Conclusion 4: It should be studied if the bit-rate IE should be updated in 36.413
Conclusion 5: No impacts on S1 related to Addition/Modification/Release of NR SeNB
Conclusion 6: No impacts on S1 related to change of MeNB and/or SeNB.

Conclusion 7: No impacts on S1 related to network configuration.
It needs to be pointed out that Conclusion 4 may imply modifications to the S1 interface. However, even without such modification the S1 interface would be able to support the use of Option 3/3a.

Conclusion 8: It is concluded that from a functional point of view the S1 interface is able to support Option 3/3a (i.e. DC between LTE and NR with LTE as MeNB) without further changes
In order to capture such conclusions in TR38.801 it is proposed to agree to the TP in R3-170202
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