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Abstract of the contribution: This contribution discuss on why and how PCF provides RSFP index to MME/RAN in 5GS and EPC interworking architecture.
1. Discussion
This paper is to discuss/analyze why and how PCF provides RFSP Index to MME in 5GS and EPC interworking architecture. 
Deployments based on different 3GPP architecture options (i.e. EPC based or 5GC based) and UEs with different capabilities (EPS NAS and 5GC NAS) may coexist at the same within one PLMN. And the RFSP index, in both 4G and 5G could be transfer from core to RAN to help RAN redirect UE to different RATs or frequency layers. 
In FS_eNA_ph2, Study on enablers for network automation, KI#12 concludes that the PCF is enable to allocate RFSP Index values by consuming analytics from NWDAF, aiming to move UE to a different RAT/frequency for better service experience or mitigate network congestion. A use case of inter-RAT selection is, for example, from NR to E-UTRAN if some UEs/users are always inactive or use low value services (e.g. P-to-P download) at some time or somewhere, in order to guarantee other UEs/users' QoE. However, a ping-pong risk is identified because of the RFSP index mismatch.
For flexible RAT/frequency selection in 5G, the RFSP Index updated based on policy decision considering NWDAF output is depicted as in Figure 1. The PCF may be replied with or notified on specific analytics from NWDAF, e.g. service in use and service experience per RAT/Frequency and user data congestion, using service via Service based interface Nnwdaf. Based on the analytics output, the PCF may decide to update the RFSP Index as part of the AM policy. The registered AMF receives the selected RFSP Index from PCF across N15, and provides the parameter to (R)AN across N2 for radio resource management. The RFSP Index is mapped by the RAN to locally defined configuration in order to apply specific RRM strategies, e.g., to decide on redirecting active mode UEs from 5G to 4G.
[image: ]
Figure 1 RFSP Index Updated in 5G Based on Policy Decision Considering NWDAF Output

However, in 4G flexible RAT/frequency selection by policy decision is not possible in 3GPP specification yet. The MME receives the subscribed RFSP Index from the HSS (e.g., during the Attach procedure). Depending on operator's configuration, the MME chooses the RFSP Index based on, on the subscribed RFSP Index, the locally configured operator's policies and the UE related context information available at the MME. The MME provides the RFSP Index to an eNodeB across S1. The RFSP Index is mapped by the eNodeB to locally defined configuration in order to apply specific RRM strategies. As depicted in Figure 2, there is no standardized interface and service between MME and PCRF, or PCF in interworking architecture. The RFSP index for a UE camps on 4G cannot be updated for dynamic policy selection, e.g., detection of high-value service in use requires reselection to 5G. 
[image: ]
Figure 2 Control Plane Diagram for 4G
Moreover, without the solution to the notification of RFSP Index update from PCF to MME, the inter-RAT selection scenario is half-completed and may result in ping-pong issue, as depicted in Figure 3.
1) For the UE camping in NR with 5GC, based on the selected RFSP from PCF, the network decides to move UE to E-UTRAN from NR, 
2) However, after the UE moved to E-UTRAN, the UE could be moved to NR from E-UTRAN based on the selected RFSP by MME based on subscribed data or locally configured operator policy with 5GC.


Figure 3 Ping-pong issue when RFSP Index is mismatch between 4G and 5G
Observation: According to current specifications, the inter-RAT selection scenario described in FS_eNA_ph2 is half-completed and may result in ping-pong issue. The UE can be moved from NR to E-UTRAN based on the RFSP Index dynamically from PCF policy decision. But the UE may be moved from E-UTRAN to NR based on the selected RFSP by MME with 5GC. The reason is that the updated RFSP index from PCF cannot be delivered to MME and RAN, resulting in mismatch of the two RFSP in 5GC and EPC respectively. Thus the consistency across 5GC and EPC on RFSP Index is needed.
2. Alternative solutions and Observations
The RFSP Index is mapped by the eNodeB to locally defined configuration in order to apply specific RRM strategies. If the selected RFSP Index can be provided from PCF to MME, then eNodeB can receive it across S1 to support radio resource management according to dynamic policy decision, e.g., to move the UE to NR for high value service of better experience. 
However According to current specification, no existing service allows the PCF to provide RFSP index to MME, and no interface is defined between PCF and MME either. 
The PCF provides access and mobility related policy to AMF using Npcf_AMPolicyControl service in 5GC. To allow RFSP index dynamically delivered to MME in EPC, the PCF should provide MME with Npcf_AMPolicyControl service or new service that provides access and mobility related policy. As no interface is defined between PCF and MME in 4G/5G interworking architecture, it is possible for MME to receive PCF policy parameters in the path from one of the following options:
   	Option 1: PCF - (new defined interface) - MME
Option 2: PCF - (N7) - SMF+PGW-C - (S5-C) - SGW - (S11) - MME
Option 3: PCF - (N15) - AMF - (N26) - MME


Figure 4 Options for MME to receive RFSP Index from PCF
The option solutions have impacts to the network listed below:
	
	Option 1
	Option 2
	Option 3

	New Interface
	X
	
	

	Enhancement of Current Interface
	
	X
	X


As in Option 1, change of current 4G/5G interworking architecture is needed for PCF and MME directly communications. If new interface is introduced between PCF and MME, then, either PCF needs enhancement for support of GTPv2-C messages, or MME needs enhancement for support of SBI messages. 
The other two options do not introduce new interface and the RFSP Index is supposed to be transferred across existing control plane interfaces. And the intermediate nodes, e.g., SMF/PGW-C, SGW, and AMF, needs to be enhanced with functions to support RFSP transferred to MME. 
As in option 2, the PCF provides the RFSP Index within EPC. Interface N7, S5-C and S11 need to be enhanced to support transfer of non-session policy parameters. Moreover, N7 in current specification is defined for session management policy, separating from N15, which is responsible for access and mobility management policy. This option brings complexity to current EPC.
As in option 3, the PCF provides the RFSP Index across N15 and the AMF is responsible to transfer it to MME across N26 in GTPv2 message. It requests 5GC to maintain the MME-UE relationship for target UE or it brings signalling overhead in 5GC when the AMF try to locate the MME serving the target UE. Nevertheless, this option has least impact to EPC.
3	Conclusion and Proposal
We suggest a new SID on AM Policy service for interworking scenario in order to provide access and mobility control parameters consistency across 5GC and EPC:
· Besides the RFSP Index to complete the inter-RAT selection scenario between NR and E-UTRAN, the investigation on AM policy controlled parameters for consistency is needed. 
· The enhancement and optimization of AM policy requesting and distribution procedure for 4G/5G interworking scenario should be studied.
· Any other AM Policy enhancement requirements, for example, an alternative for BSF/SM PCF subscribe/Notify procedure as left over from DCAMP.
[bookmark: _GoBack]The changes are proposed to be implemented in Rel-18 time frame. 
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