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Introduction
In this contribution, we would assess the impact of 5GC on specific EUTRAN features based on SA2 feedback pertaining to possible support in Rel-15. In LS response S2-175192, SA2 had clarified the EUTRAN features that would be supported officially by 5GC. Here, we have considered in detail if any support from 5GC is required specifically for MBMS, PWS, MDT, SON and Positioning features.  These features have been evaluated for potential 5GC impact since they are either critical or could potentially be supported by minor support from 5GC. 
[bookmark: _Ref487027833]Discussion

Support for Multimedia Broadcast Multicast Service (MBMS)

MBMS provides support for the broadcast transmission of multimedia content including text, pictures, audio and video (including mobile TV services). 
MBMS feature requires support from multiple core network node apart from enhancements in eNB software along with a new node in RAN (could potentially be merged with eNB).
The EPC nodes supporting MBMS include MME, Broadcast Multicast Service Centre (BM-SC), MBMS gateway (logical node) and a content server. 
Since SA2 indicated no support for MBMS in 5GC during rel-15 5GC architecture [1], it means that the EPC nodes required for MBMS service including BM-SC, MBMS gateway and media content server would not be included in the new 5GC. Also, AMF would not handle the MBMS signaling towards eNB. 

Since SA2 indicated no support for MBMS in rel-15 5GC architecture, it means that the EPC nodes required for MBMS service including BM-SC, MBMS gateway and media content server would not be included in the new 5GC. Also, AMF would not handle the MBMS signalling towards eNB.   

Thus, MBMS functionality would not be supported by 5GC in Release 15. In case of availability of options to register on either 5GC or EPC, UE could camp on EPC if it should avail MBMS transmissions. It is for further investigation on how the UE could be moved towards EPC in order to listen in to MBMS broadcast.  Another potential area of investigation would be on the possibility that 5GC registered UE could listen to the MBMS broadcasts managed by EPC so the UE would be in receive only mode in terms of EPC connectivity.  

In case of availability of options to register on either 5GC or EPC, UE could camp on EPC if it should avail MBMS transmissions.

One potential area of investigation to support MBMS would be on the possibility that 5GC registered UE could listen to the MBMS broadcasts managed by EPC so the UE would be in receive only mode in terms of EPC connectivity.
To support MBMS feature in eNB connected to 5GC, the additional nodes required along with the enhancements in current 5GC nodes signaling is as follows: 

External nodes : 
· BM-SC merged with MBMS gateway (logical node)
· Media content server

Enhancement in nodes signaling: 
· SMF handling signaling from BM-SC and UPF (once assigned) handling data from BM-SC
· AMF support relaying MBMS gateway signaling towards MCE

MBMS support through 5GC involves considerable enhancement in 5GC including addition/reusing of MBMS specific nodes and enhancing signalling capabilities of AMF and SMF. Other potential options for listenening to MBMS transmission excluding 5GC  i.e, camping of UE on EPC or receiver only mode, requires further investigation. Since MBMS is not a critical feature and the support in release 15 requires substantial investigation, the support for MBMS in the eNB connected to 5GC should be left for next release. 

Since MBMS is not a critical feature and the support in release 15 requires substantial investigation, the support for MBMS in the eNB connected to 5GC should be left for next release.  

Support for Public Warning System (PWS): 

According to LS response S2-175192 [1], PWS would be supported by SA2 and the 5GC. PWS today in LTE/EPC mainly involve MME and a public safety entity in the core network triggering broadcasts in specific areas via the eNB. 
The Information Elements received by EUTRAN for PWS functionality are quite generic and specific to broadcasting. Furthermore it is assumed that the PWS information in one area would be the same for 5GC and EPC which means that all eNBs that also support EPC could obtain the PWS information from EPC and does not require to obtain the information from 5GC. Only in cases of 5GC only eNBs it would be required to obtain PWS information from 5GC. If the PWS solution entailed for 5GC is similar to EPC and AMF provides similar message forwarding functionality as performed by MME, PWS functionality of EUTRAN would not be impacted by 5GC. 

eNBs connected both to EPC and 5GC most likely only need to obtain the PWS information from one of the CNs
The Information Elements involved and received by EUTRAN for PWS are quite generic and specific to broadcasting. If the PWS solution entailed for 5GC is similar to EPC and AMF provides similar message forwarding functionality as performed by MME, PWS functionality of EUTRAN would not be impacted by 5GC.

It is assumed that the PWS solution envisioned for 5G is similar to EPC and the information contained in the current SIB 10, SIB 11 (ETWS) and SIB 12 (CMAS) would be available in the PWS trigger towards eNB from 5GC. Furthermore, it should be verified that it is enough for the eNB connected to both CNs, to receive PWS information from one of the CNs

It is assumed that the PWS solution envisioned for 5G is similar to EPC and the information contained in the current SIB 10, SIB 11 (ETWS) and SIB 12 (CMAS) would be available in the PWS trigger towards eNB from 5GC. Furthermore, it should be verified that it is enough for the eNB connected to both CNs, to receive PWS information from one of the CNs.

Support for Minimization of Drive Testing (MDT): 

MDT functionality supports operators to reduce drive testing efforts for collecting UE measurements on coverage and signal strengths, mainly required for network optimization [2]. MDT requires user consent info for supporting collection of measurement. In EPC, the user consent info is stored in HSS and is available to eNB via MME.  There are two variations of MDT:

1. Area based MDT: data is collected from multiple UE’s within a specific geographical area. The eNB element manager triggers MDT session on eNB directly. 
2. Signalling based MDT: data is collected from a specific UE based upon its IMSI or IMEI. The EPC element manager triggers MDT session on MME [4]. The MME checks the user consent information and then sends the MDT trace activation for a specific IMSI towards the eNB.  

Thus, apart from the difference in UE selection for trace collection, the two MDT flavors are triggered in different ways as well. Once the trace from UE/group of UE’s is collected at the eNB, the trace file is then sent to the trace collection entity (TCE) located in core network as well. 
The user consent information is stored in core network and in case of Area based MDT, it is sent to the eNB via MME through Initial Context Setup Request message or Handover Request message. The user consent information is not exchanged with eNB during Signalling based MDT since core network only request this MDT type for UE’s which have agreed to support this feature. 
To support the two flavors of MDT including Area based MDT and Signalling based MDT, support from AMF would be required along with the requirement to have a Trace collection entity and element manager within the 5GC to store the collected traces. The AMF needs to support handling of MDT activation request from 5GC element manager in case of Signalling based MDT or exchange user consent information with eNB in case of Area based MDT. 
Since, SA2 had answered in LS response S2-175192 [1] that MDT is not in its scope, it indicates that the addition of new nodes in 5GC (element manager and trace collection entity) along with AMF support required for MDT would not be available in Release 15.  

Since, SA2 had answered in LS response S2-175192 [1] that MDT is not in its scope, it indicates that the addition of new nodes in 5GC (element manager and trace collection entity) along with AMF support required for MDT would not be available in Release 15.  

Area based MDT is a simpler version of MDT since it just involves support from AMF to exchange user consent information with the eNB. The trace activation is triggered on eNB, directly by Element Manager. It does not involve 5GC element manager trigger via AMF. Also, it would be easier to support one version of MDT. 
An LS should be sent to SA2 checking the possibility to support for Area based MDT in 5GC since it is simpler and just requires the AMF to exchange user consent information with the eNB. 

An LS should be sent to SA2 checking the possibility to support for Area based MDT in 5GC since it is simpler and just requires the AMF to exchange user consent information with the eNB

Support for Self-Organizing Network (SON): 
The aim for SON features is to reduce the operational expenditure for maintaining macro networks and to enhance the end user experience [2]. There are three main aspects of SON: 
1. Self-Configuring Network
2. Self-Optimization Network
3. Self-Healing Network

According to LS response S2-175192 [1], 5GC would not support SON/MDT features in release 15. In this contribution, we would assess if any specific support is required for each of the above mentioned three components of 5GC. 

1. Self-configuring network:  
The self-configuring networks aspect of SON consists further of the following features [2], [3]: 
a) Dynamic configuring of S1-MME interface --> N2 -AMF interface
b) Dynamic configuration of X2 interface --> Xn interface
c) ANR function
d) Transport network layer address discovery 
e) PCI selection
The dynamic configuration of N2-AMF interface, dynamic configuration of X2 interface and Transport network layer address discovery features are mainly covered in RAN 3 scope so they would not be discussed. We would mainly elaborate ANR and PCI selection feature in this contribution. 

0. Automatic Neighbour Relations (ANR): 
In RAN WG2 #98-Ad Hoc meeting, it was agreed that the LTE inter-RAT ANR framework will be reused to cover NR.
Agreements
1	LTE inter-RAT ANR framework is extended to cover NR (target to complete this at end of Rel-15, not December 2017)

Since the eNB can request the UE to report ANR measurements of neighbouring cell on RAN level, it should not be affected by connectivity to 5GC from ANR measurement points of view. 
In the next stage when relations are formed to neighbouring cells, then eNB would only be able to form ANR relations with LTE and NR cells since communication with UTRAN and GERAN cells is not possible via 5GC. This situation would not occur if eNB have connectivity with both EPC and 5GC. 

eNB would only be able to form ANR relations with LTE and NR cells since communication with UTRAN and GERAN cells is not possible via 5GC. This situation would not occur if eNB have connectivity with both EPC and 5GC.
 

0. Physical Layer Cell Identity (PCI) selection 
Physical Layer Cell Identity (PCI) can be allocated automatically by a centralized server or distributed algorithm on eNB. It should be independent of 5GC impact. 

Physical Layer Cell Identity (PCI) can be allocated automatically by a centralized server or distributed algorithm on eNB. It should be independent of 5GC impact.

1. Self-Optimization Network
The self-optimization network aspect of SON consists further of the following features [2], [3]: 
a) Mobility load balancing
b) Mob Robustness optimization
c) Energy saving
d) Radio link failure reporting
e) RACH optimization

1. Mobility load balancing
In phase 1 NGC, mobility from EUTRAN connected to NGC towards UTRAN or GERAN is not supported [1]. It is only supported by first UE connecting to EPC and then eventually performing a handover towards UTRAN.
Intra LTE load balancing would not be affected with 5GC since it does not involve core nodes. 

Intra LTE load balancing would not be affected with 5GC since it does not involve core nodes.

In 5GC context, the mobility load balancing with UTRAN and GERAN nodes would not be supported since mobility in general is not supported towards UTRAN and GERAN by 5GC in Release 15. Also, IRAT load balancing requires to exchange resource status update message between EUTRAN and IRAT nodes (via RIM signallingin EPC) which requires AMF support.   

In 5GC context, the mobility load balancing with UTRAN and GERAN nodes would not be supported since mobility in general is not supported towards UTRAN and GERAN by 5GC in Release 15. Also, IRAT load balancing requires to exchange resource status update message between EUTRAN and IRAT nodes (via RIM signalling in EPC) which requires AMF support.

1. Mobility Robustness optimization
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems [1]:
-	Connection failure due to intra-LTE or inter-RAT mobility (too late HO, too early HO, HO to wrong cell)
-	Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);
-	Inter-RAT ping-pong.
The UE generates a radio link failure report every time it experiences radio link failure and this is indicated to the eNB with a flag in the RRC connection re-establishment complete message, or the RRC Connection Setup Complete message.  The target eNB can acquire this report from the UE and share this RLF report with the source eNB so it can adjust its handover triggering configuration. 
Similarly, if the UE performs a re-establishment to the source cell, the RLF report is available to the source eNB. In this case, the target eNB would share a Handover Report on X2 interface with a case value of either Handover Too Early or Handover to wrong Cell. The source eNB can use this handover report to adjust its handover triggering configuration.

[bookmark: _Toc486030874]Since the intra LTE mobility robustness optimization is mainly eNB specific optimization, it does not involve 5GC and would not be impacted by it..
Mobility between gNB and eNB (connected to EPC or 5GC) is supported as stated in TR 38.804 [5]. Also, Xn connectivity is possible between gNB and eNB connected 5GC. The Xn connectivity between eNB and gNB should be able to handle exchange of Radio link failure indication report as well as Handover report and thus the source node (eNB or gNB) would be able to adjust its handover triggering configuration. . Due to the support of Xn interface between gNB and eNB connected to 5GC, mobility robustness feature would operate the same way as in Intra LTE scenario. 
Due to the support of Xn interface between gNB and eNB connected to 5GC, mobility robustness feature would operate the same way as in Intra LTE scenario. 
Since inter RAT mobility towards GERAN and UTRAN is not supported in 5GC phase 1, inter RAT mobility failure towards GERAN and UTRAN would not occur. 

Since inter RAT mobility towards GERAN and UTRAN is not supported in 5GC phase 1, inter RAT mobility failure towards GERAN and UTRAN would not occur.

1. Energy Saving: 
This function allows decreasing energy consumption of the network by enabling indication of cell activation/deactivation over the X2 interface [1]. 
The solution builds upon the possibility for the eNB owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M.
All peer eNBs are informed by the eNB owning the concerned cell about the switch-off actions over the X2 interface, by means of the eNB Configuration Update procedure. Since Intra LTE energy saving is done via X2 message exchange between neighbouring nodes, it is not affected by 5GC connectivity. 

Since Intra LTE energy saving is done via X2 message exchange between neighbouring nodes, it is not affected by 5GC connectivity.

In EPC context, the eNB indicates the switch-off action to a GERAN and/or UTRAN node by means of the eNB Direct Information Transfer procedure over S1 using RIM signalling. Since 5GC does not support connectivity to UTRAN and GERAN, energy saving indications could not be transferred to UTRAN and GERAN when EUTRAN is connected with 5GC only. 
Since 5GC does not support connectivity to UTRAN and GERAN, energy saving indications could not be transferred to UTRAN and GERAN when EUTRAN is connected with 5GC only.
In case of eNB’s dual connectivity with both EPC and 5GC, the feature could still be supported since the eNB can update the neighbouring UTRAN or GERAN nodes using RIM signalling via EPC. 

d) Radio link failure reporting
No impact by 5GC since the RLF report is RAN local for mobility and coverage optimization.  
No impact by 5GC since the RLF report is RAN local for mobility and coverage optimization.

e) RACH optimization
RACH optimization is RAN specific and not impacted by 5GC connectivity.
RACH optimization is RAN specific and not impacted by 5GC connectivity.

1. Self Healing networks  
Self Healing Network mainly involve automatic fault handling to improve system performance. This aspect of SON is mainly RAN implementation dependent so it is not much affected by the 5GC.  

Support for Positioning 
LTE positioning functionality involves the eNB in EUTRAN and multiple core network nodes including MME, Enhanced- Serving Mobile Location centre (E-SMLC) and Gateway Mobile Location Centre as shown in figure.1 below [6]. 

[image: ]
Figure 1: LTE Positioning Architecture
The positioning features in LTE utilize two main protocols namely LTE positioning protocol (LPP) and LPP Annex (LPPa).  Each of these protocols have associated methods to measure UE position. For more information, refer to positioning contribution [7]. 
According to LS response from SA2, positioning would be supported by 5GC in release 15. In order for positioning to be operable with a eNB connected with 5GC, LPP and LPPa protocol and associated methods should be supported by 5GC [7].
[bookmark: _Hlk489953372]In order for positioning to be operable with a eNB connected with 5GC, LPP and LPPa protocol and associated featues should be supported by 5GC 
Conclusion
In this contribution, we assessed the impact of 5GC on specific EUTRAN features including MBMS, MDT, PWS, MDT, SON and Positioning. The following observations and proposals have been made.   

1.       Since SA2 indicated no support for MBMS in rel-15 session 5GC architecture, it   means that the EPC nodes required for MBMS service including BM-SC, MBMS gateway and media content server would not be included in the new 5GC. Also, AMF would not handle the MBMS signalling towards EUTRAN.   
In case of availability of options to register on either 5GC or EPC, UE could camp on EPC if it should avail MBMS transmissions.
One potential area of investigation to support MBMS would be on the possibility that 5GC registered UE could listen to the MBMS broadcasts managed by EPC so the UE would be in receive only mode in terms of EPC connectivity.
eNBs connected both to EPC and 5GC most likely only needs to obtain the PWS information from one of the CNs
The Information Elements involved and received by EUTRAN are quite generic and specific to broadcasting. If the PWS solution entailed for 5GC is exactly similar to EPC and AMF provides similar message forwarding functionality as performed by MME, PWS functionality of EUTRAN would not be impacted by 5GC.
Since, SA2 had answered in LS response S2-175192 [1] that MDT is not in its scope, it indicates that the addition of new nodes in 5GC (element manager and trace collection entity) along with AMF support required for MDT would not be available in release 15.  
eNB would only be able to from ANR relations with LTE and NR cells since communication with UTRAN and GERAN cells is not possible via 5GC. This situation would not occur if eNB have connectivity with both EPC and 5GC.

Physical Layer Cell Identity (PCI) can be allocated automatically by a centralized server or distributed algorithm on eNB. It should be independent of 5GC impact.
Intra LTE load balancing would not be affected with 5GC since it does not involve core nodes.
In 5GC context, the mobility load balancing with UTRAN and GERAN nodes would not be supported since mobility in general is not supported towards UTRAN and GERAN by 5GC. Also, IRAT load balancing requires to exchange resource status update message between EUTRAN and IRAT nodes (via RIM signalling in EPC) which requires AMF support.
Since the intra LTE mobility robustness optimization is mainly eNB optimization, it does not involve 5GC and would not be impacted by it.
Due to the support of Xn interface between gNB and eNB connected to 5GC, mobility robustness feature would operate the same way as in Intra LTE scenario. 
Since inter RAT mobility is not supported towards GERAN and UTRAN in 5GC phase 1, inter RAT mobility failure towards GERAN and UTRAN would not occur 
Since Intra LTE energy saving is done via X2 message exchange between neighbouring nodes, it is not affected by 5GC connectivity.
Since 5GC does not support connectivity to UTRAN and GERAN, energy saving indications could not be transferred to UTRAN and GERAN when EUTRAN is connected with 5GC.
No impact by 5GC since the RLF report is RAN local for mobility and coverage optimization.
RACH optimization is EUTRAN specific and not impacted by 5GC connectivity.


1. Since MBMS is not a critical feature and the support in release 15 requires substantial investigation, the support for MBMS in eNB connected to 5GC should be left for next release.  
It is assumed that the PWS solution envisioned for 5G is similar to EPC and the information contained in the current SIB 10&11 (ETWS) and SIB 12 (CMAS) would be available in the trigger towards eNB from 5GC. Furthermore, it should be verified that it is enough for the eNB connected to both CNs, to receive PWS information from one of the CNs.
An LS should be sent to SA2 checking the possibility to support for Area based MDT in 5GC since it is simpler and just requires the AMF to exchange user consent information with the eNB.
In order for Positioning feature to be operable with a eNB connected with 5GC, LPP and LPPa protocol and associated positioning methods should be supported by 5GC.
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