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Abstract of the contribution: This document is for discussion purpose and contains the flow diagram from TS 23.502 illustrating the UE registration steps in 5G (non-roaming).   The purpose of this flow is to understand the possible LI implications. 
1. Background

The TS 23.502 has a few flow diagrams that illustrate the steps of UE registration to 5G network.  This contribution takes one diagram and compares it to a similar flow used for 4G and analyses the possible LI implications. 
The following is a cut and paste from TS 23.502:   
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Figure 4.2.2.2.2-1: Registration procedure

The following is a cut and paste from TS 23.401 (for comparison and reference):   
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2. Few notes on 5G Registration flow-diagram: 

The flow diagram in TS 23.502 appears to be a program flow diagram:  
· Multiple scenarios are combined into one flow diagram:  
· UE registering using the Subscription Permanent Identifier (SUPI) - first time registration

· UE registering using the 5G-GUTI (5G- Globally Unique Temporary Identifier) 
· UE previously registered non-3GPP access
· UE having a previously established PDU session
· Etc. 

· However, some scenarios are in separate flow diagrams (multiple flow diagrams in TS 23.502).
· RAN selected AMF may not be the target AMF.
· The flow-diagram appears to be still under development in SA2 (in other words, may change). 
· Architectural concepts in SA2 and SA3 are yet to be aligned (heard so, from SA3).  

· Not all the steps shown in the flow-diagram happen for a given scenario (multiple scenarios combined).

· In the flow-diagrams (of registration), the AMF appears to be the focal with respect to the UE-to-network signalling communications. 

· The flow-diagram is similar, to the mobile attach procedures used in EPC. 

· An RRC connection is not performed during the registration steps (unlike mobile attach steps  of EPC). Or, it is missing in the flow-diagram.  

· The flow-diagram is only stage 2 (may not be accurately reflecting the steps)

· Example: steps 21, 22 may have to be go via RAN (Note: compare them to step 1, 3)

· Location Update is missing (or implied?).

· Most of the actions are at the AMF and partly at the UDM. 

The registration steps basically involve the following (the very first time): 

· UE sending the SUPI

· RAN selecting the AMF

· Authentication of SUPI

· Acquiring the Permanent Identifier (PEI) from the UE.     
· Verifying the PEI
· Registering with the UDM (location update??)

· Getting the subscription data from the UDM.  
The registration steps basically involve the following (later): 

· UE sending the 5G-GUTI

· RAN selecting the AMF

· AMF acquiring the SUPI (old AMF or UE)

· Authentication of SUPI?  
· Acquiring the Permanent Identifier (PEI) (from old AMF or UE)  
· Verifying the PEI??
· Registering with the UDM (location update ??)

· Getting the subscription data from the UDM.  

· Notifying the SMF about the UE reachability (e.g.)

From TS 23.501 (for reference): 

<5G-GUTI> = <5G-GUAMI><5G-TMSI>



5G-GUTI = 5G Globally Unique Temporary Identifier

5G-GUAMI (5G Globally Unique AMF ID) identifies the AMF

5G-TMSI identifies the UE within the AMF 

· <5G-GUAMI> = <MCC> <MNC><AMF Region ID><AMF Set ID><AMF Pointer>
· <5G-S-TMSI> = <AMF Set ID> <AMF Pointer> <5G-TMSI>
· In this release, PEI = IMEI.

· SUPI may be equal to IMSI for 3GPP UEs that can also interconnect to EPC.

The TS 23.401 refers to TS 23.303 for the definition of GUTI used in 4G. From TS 23.303 (for reference):

·  <GUTI> = <GUMMEI><M-TMSI>,

GUTI = Globally Unique Temporary UE Identity
GUMMEI (Globally Unique MME ID) identifies the MME

M-TMSI = Identifies the UE within the MME
·   <GUMMEI> = <MCC><MNC><MME Identifier>

· 
<MME Identifier> = <MME Group ID><MME Code>

The following compares the LI events generated by MME, HSS and probable events from the AMF, UDM: 

	MME
	AMF
	In 4.2.2.2.2?

	Attach
	Registration
	YES

	Detach
	De-registration
	NO

	Tracking Area/EPS Location Update
	??
	??

	UE requested PDN connectivity
	UE requested PDN session establishment -- ??
	NO

	UE Requested PDN disconnection
	UE requested PDN session release -- ??
	NO

	Start of interception with E-UTRAN attached UE
	Start of interception with already registered UE
	NO

	
	
	

	HSS
	UDM
	In 4.2.2.2.2?

	Serving Evolved Packet System
	Serving System -- ??
	YES?

	HSS subscriber record change
	Subscriber Record Change -- ??
	NO

	Cancel location
	Cancel Location -- ??
	NO

	Register location
	Register Location -- ??
	??

	Location information request
	Location information request -- ??
	??


In the flow-diagram of 4.2.2.2.2, the time at which AMF knows about the SUPI value varies according to the scenario. For example, when the UE sends the SUPI, it may be known in step 3 and when the UE sends the 5G-GUTI, it may be known in step 5 or 7. If the UE sends the SUPI in an encrypted form, then the AMF won’t be able to use it for LI purpose until it sees it in an unencrypted form. For example, in a roaming scenario, the AMF in the VPLMN should wait until the SUPI is received in an unencrypted form from the HPLMN.   

If the interception is based on the PEI value, then the time at which the AMF knows about the PEI value can also vary according to the scenario. 
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Flow-diagram of TS 23.502 (4.2.2.2.2) showing the possible LI events: 
The above flow shows the UDM sending of the Serving System (equivalent of Evolved Serving System in EPC case) and the Registration (similar, to Mobile Station Attached in the EPC case) to the LEMF. 
Whether the UDM sends the Serving System or something else is to be determined. Unlike the EPC flow, the flow in 23.502 does not use the wordings “Location Update”. Sending of other possible events is to be determined. 
4. Summary

From an LI perspective, all the permutations included within the flow-diagram of 4.2.2.2.2 may or may not be important. The following basically depict high level view of what happens during an UE registration (it includes the possible LI events as well). 
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As shown in the above flow-diagram:

1. UE sends the Registration Request to the RAN.

2. RAN selects an AMF.

3. RAN forwards the Registration Request to the selected AMF. 

4. When the UE sends the Registration Request (1, 2, 3), the AMF first acquires and authenticates the SUPI. 
· In some scenario, the UE itself may provide the SUPI. 
· In some other scenario, the AMF may acquire it from the old AMF. 
· In some other scenario, the AMF may acquire it from the UE with a separate request/response procedure. 
From an LI perspective, it should not be of a concern, how the AMF acquires the SUPI. 
AMF may or may not authenticate the SUPI. With the understanding that the AMF won’t authenticate the SUPI only when it trusts the SUPI value wherever it gets it from, it should not be of a concern if, and when the AMF authenticates the SUPI. 

5. In the same way, the AMF will also acquire and verify the PEI. 
· In some scenario, the UE may send the PEI along with the registration request. 
· In another scenario, the AMF may acquire it from the old AMF.
·  In another scenario, the AMF may acquire it from the UE through a separate request/response procedure. 
From an LI perspective, it should not be of a concern how the AMF acquires the PEI. 
AMF may or may not verify the PEI value.  With the understanding that the AMF won’t verify the PEI only when it trusts the PEI value wherever it gets it from, it should not be of a concern if, and when the AMF verifies the PEI value.   

6. The AMF registers with the UDM along with a request to receive notification whenever the subscriber data change. 
In the EPC, the MME sends a Location Update message to the HSS which in turn may trigger the HSS to send the Evolved Serving System message. 

LI event #1

Perhaps, the UDM should send a Serving System message to the LEMF whenever it receives a Registration message. 

NOTE:
It is not clear whether the Location Update message is being missed in the flow-diagram of clasue 4.2.2.2.2 in TS 23.502 or the Registration message is expected to replace the Location Update message.   

7. The UDM would notify the AMF whenever the subscriber data changes. It does that upon receiving the initial request (as shown). 
8. The AMF may obtain the policy rules from the PCF. This should not be a concern of LI since it was not a concern in EPC or prior access technologies. In step 8, the AMF sends a request to the PCF.

9. PCF returns the policy rules to be applied. 

10. The AMF may notify the SMF about the UE reachability (if a PDU session was already setup). 
LI Event #2??

Perhaps, the SMF could initiate an LI event to notify the LEMF (to be discussed). 

11. The AMF sends a Registration Accept to the RAN. 

LI event #3

When the AMF acknowledges the UE with the Registration Complete message is the step where perhaps the LI event indicating the UE registration is to be generated. 

12. RAN forwards the Registration Accept to the UE. 

13. UE sends the Registration Complete to the RAN. 

14. RAN forwards the Registration Complete to the AMF. 

5. Recommendations
SA3 LI should not modify the flow-diagrams developed in other groups (it happened at the SA3LI#65). Instead, SA3 LI should identify the trigger points for LI event generation. 
Sending of messages (or events) between two network functions, just to aid LI, can have a transparency issue. Therefore, this should be avoided, unless such a message is sent independent of LI by enhancing the TS 23.502 flows. 
In summary, since the flow shown in section 4 of this paper focusses the registration steps from an LI perspective, perhaps that flow-diagram can be a candidate to the TR 83.842.   
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