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1	Background
While the structure of the 5G GUTI has already been agreed, the handling of the 5G GUTI when interworking with EPC is still open as documented in the following Editor’s note in TS 23.501:
Editor's note:	Mapping of the 5G-GUTI for interworking with EPC is FFS.
The background of this Editor’s note is as follows. 
When migrating from EPC to 5GC, the 5GC and EPC-based architecture options may co-exist in the same PLMN for some time. Depending on the core network a UE is served by, the UE uses 5GC NAS or EPC NAS, respectively. 
One aspect that differs between 5GC and EPC NAS is the format of temporary IDs (GUTIs). The main purpose of the temporary ID is to uniquely identify the UE and the current location of the UE’s context (e.g. a specific AMF). This is relevant in the context of interworking since the UE context may need to be retrieved from the source system based on the GUTI. This raises the question how the different GUTI formats are handled when the UE changes from 5GC to EPC and vice versa.
The remainder of this paper analyses the scenarios to be addressed, discusses solution options and proposes a way forward. 
2	Scenarios
Different modes have been specified for interworking with EPC: single and dual registration modes with and without N26, respectively. However, the only relevant scenario in the context of this discussion is single registration mode with N26 given that only in this case UE context information is exchanged between EPC and 5GC.
In case of handovers between EPC and 5GC GUTI handling is not an issue since UE context information is sent by the source system to the target system (i.e. there is no need to retrieve UE context information based on the GUTI).
Context retrieval between EPC and 5GC instead applies to two procedures: 4G to 5G Tracking Area Update (TAU) and 5G to TAU. 
They key question is therefore, which GUTI information should be sent by the UE to the network during these procedures to enable the target system to retrieve the UE context from the source system.

3	Solution options
This section discusses two solution options for GUTI handling during 4G to 5G TAU and 5G to 4G TAU procedures:
-	GUTI mapping
[bookmark: _Hlk490166472]-	Sending 5G GUTI in 4G NAS
3.1	GUTI mapping
The key idea is to define a mapping scheme to translate 5G GUTIs into 4G GUTIs. A mapping scheme is proposed in Table 1.
	GUTI version
	Component mapping

	5G
	<AMF Region ID>
	<AMF Set ID>
	<AMF Pointer >
	<5G-TMSI>

	4G
	<MMEGI>
	Subset of <MMEC>
	Subset of <MMEC >
	<4G TMSI>


Table 1: 5G-4G GUTI mapping scheme
While the mapping details will be up to Stage 3, it is worth noting that a mapping scheme does not necessarily limit the size of the 5G GUTI components. Mapping between the 4G and 5G GUTI components can also be specified such that for deployments with EPC-5GC interworking using N26 the AMF assigns 5G GUTIs that can be mapped to 4G GUTIs while not artificially limiting the 5G GUTI component sizes for 5GC-only deployments.
With the above mapping scheme, an MME can identify and reach the previous AMF based on the MMEGI and MMEC contained in the 4G GUTI as follows: 
-	When performing a 5G to 4G TAU, the UE maps the 5G GUTI to the 4G GUTI according to the above mapping scheme, and sends the 4G GUTI as the old native GUTI as part of the TAU to the MME. 
-	Based on the old GUTI, the MME discovers the address of the AMF (using the DNS procedures as per TS 29.303)
-	The MME retrieves the UE context from the AMF via N26.
It is important to mention that the underlying assumption of the solution is that the MMEGI/MMEC combinations mapped from 5G GUTIs must be unique, i.e. shall not be assigned to one of the MMEs. However, given the size of the MMEGI (16 bits) it should be easily achievable to assign AMF Region IDs different from MMEGIs used in the same network even in large deployments.
While the mapping scheme could also be used to send a 4G GUTI mapped into a 5G GUTI when performing a 4G to 5G TAU, it is instead proposed to send the 4G GUTI as the old GUTI to the AMF directly. Given that the 5G NAS is still being specified, this can easily be supported, i.e. there is no need for a mapping solution in this case.
With this, the previous MME can be identified and reached by an AMF as follows:
-	When performing a 4G to 5G Registration Update, the UE sends the 4G GUTI as the old GUTI to the AMF. 
-	Based on the MMEGI and MMEC contained in the old 4G GUTI, the AMF discovers the address of the MME (using the DNS procedures as per TS 29.303).
-	The AMF retrieves the UE context from the MME via N26.
The key benefit of this proposal is that 4G NAS impacts are avoided. Also, impacts to the MME for discovering the AMF are avoided since the existing procedures for MME discovery can be used to discover the previous AMF. The only potential drawback is the need to ensure uniqueness of MMEGI/MMEC combinations mapped from the 5G GUTI. However, as hinted above, this can easily be achieved by assigning AMF Region IDs that do not overlap with MMEGI values in the same deployment. 
3.2	Sending 5G GUTI in 4G NAS
The key idea of this solution option is as follows. To enable an MME to discover the UE’s previous AMF during a 5G to 4G TAU, the UE includes the 5G GUTI as the Old GUTI in the 4G Tracking Area Update Request. This enables the MME to discover the AMF based on the AMF Region ID, AMF Set ID and AMF Pointer directly. 
The drawback of this proposal is the impact to EPC NAS and, in addition for the MME, the need to support AMF discovery mechanisms, e.g. looking up an AMF address based on AMF Region ID, AMF Set ID and AMF Pointer as contained in the 5G GUTI. 
4	Determining the old node type for interworking without N26
For 5GC-EPC interworking without N26, the MME is expected to perform specific behaviour for mobility scenarios when the UE’s previous serving node was an AMF. As per the current version of TS 23.501, the MME determines the previous node type based on whether (or not) the UE presents a 5G GUTI mapped to a 4G GUTI. 
It is worth emphasizing that there is no use for the mapped GUTI in the MME in those interworking scenarios beyond determining the previous node type.
Enabling the MME to distinguish a mapped GUTI from a native GUTI either requires a specific well-known bit pattern in one of the 4G GUTI components or the introduction of a new Old GUTI type in EPC NAS. While the first would artificially reduce the number space available for the 4G GUTI components, the latter would create unnecessary MME impact for deployments that use N26 for EPC-5GC interworking. (Note that for EPC-5GC interworking with registration and N26 deployed the UE can present the mapped GUTI as a native GUTI as illustrated in Section 3.1.)
To avoid the unnecessary MME impact for deployments using EPC-5GC interworking with N26 it is proposed to use an explicit indication instead to inform the MME that the previous node type was an AMF. (Note that there is no need for MMEs to evaluate this indication in deployments using EPC-5GC interworking with N26.)

5	Conclusion
The benefit of the solution described in Section 3.1 (mapping 5G GUTIs to 4G GUTIs) is that it enables an MME to discover and reach the previous AMF without any additional impact to the MME. The requirement to coordinate MME Group IDs and AMF Region IDs appears acceptable for typical deployments.
Section 4 illustrated the drawbacks of determining the previous node type based on the mapped GUTI and presented an alternative.
In conclusion, it is proposed to approve the changes below.

6.	Proposed changes for TS 23.501

*** First change ***
[bookmark: _Toc488396973][bookmark: historyclause]5.9.4	5G Globally Unique Temporary Identity
The AMF shall allocate a 5G Globally Unique Temporary Identity (5G-GUTI) to the UE that is common to both 3GPP and non-3GPP access. It shall be possible to use the same 5G-GUTI for accessing 3GPP access and non-3GPP access security context within the AMF for the given UE. An AMF may re-assign a new 5G-GUTI to the UE at any time. The AMF may delay updating the UE with its new 5G-GUTI until the next NAS transaction.
The 5G-GUTI shall be structured as:
	<5G-GUTI> := <GUAMI> <5G-TMSI>
	where GUAMI identifies the assigned AMF and 5G-TMSI identifies the UE uniquely within the AMF.
The Globally Unique AMF ID (GUAMI) shall be structured as:
	<GUAMI> := <MCC> <MNC> <AMF Region ID> <AMF Set ID> <AMF Pointer>
	where AMF Region ID identifies the region, AMF Set ID uniquely identifies the AMF Set within the AMF Region and AMF Pointer uniquely identifies the AMF within the AMF Set.
NOTE 2:	The AMF Region ID addresses the case that there are more AMFs in the network than the number of AMFs that can be supported by AMF Set ID and AMF Pointer by enabling operators to re-use the same AMF Set IDs and AMF Pointers in different regions.
Editor's note:	Whether AMF Set ID and AMF Pointer need separate standardized fields, or can share a common code space is up to Stage 3.
Editor's note:	Mapping of the 5G-GUTI for interworking with EPC is FFS.
Editor's note:	It is assumed that Stage 3 will enable AMF implementations to support multiple GUAMIs.
The 5G-S-TMSI is the shortened form of the GUTI to enable more efficient radio signalling procedures (e.g. during Paging and Service Request) and is defined as:
	<5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>
Editor's note:	The structures of 5G-GUTI, GUAMI and 5G-S-TMSI can be removed once formally defined in TS 23.003.
*** Next change ***
[bookmark: _Toc488397031]5.17.2.2.2	Mobility for UEs in single-registration mode
When the UE supports single-registration mode and network supports interworking procedure with the N26 interface:
-	For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with EPS 4G-GUTI mapped from 5G-GUTI sent as old Native GUTI. and tThe MME retrieves the UE's MM and SM context from 5GC if the UE has a PDU session established or if the UE or the EPC support "attach without PDN connectivity". The UE performs an attach procedure if the UE is registered without PDU session in 5GC and the UE or the EPC does not support attach without PDN connectivity. For connected-mode mobility from 5GC to EPC, inter-system handover is performed.
-	For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with the 5G-GUTI mapped from 4G-EPS GUTI sent as the old GUTI. and tThe AMF and SMF retrieve the UE's MM and SM context from EPC. For connected-mode mobility from EPC to 5GC, inter-system handover is performed.
*** Next change ***
[bookmark: _Toc488397033]5.17.2.3.1	General
For interworking without the N26 interface, IP address continuity is provided to the UEs on inter-system mobility by storing and fetching PGW-C+SMF and corresponding APN/DDN information via the HSS+UDM. Such networks also provide an indication that dual registration mode is supported to UEs during initial Registration in 5GC. This indication is valid for the entire PLMN. UEs that support dual-registration mode may use this indication to decide whether to register early in the target system.
To support mobility for dual-registration mode UEs, the following are the key highlights of interworking procedure without N26 interface that are supported by the network:
1.	When UE performs initial Attach in EPC and provides an indication that the old node was an AMF 4G-GUTI mapped from 5G-GUTI, the MME does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of AMF, if any.
2.	When UE performs initial Registration in 5GC and provides 5G-GUTI mapped from the 4G-EPS GUTI, the AMF does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of MME, if any.
3.	When PDN connections are created in EPC, the MME stores the PGW-C and APN information in the HSS+UDM.
4.	When PDU session are created in 5GC, the PGW-C+SMF stores its information along with DDN in the HSS+UDM.
5.	The HSS+UDM provides the information about dynamically allocated PGW-C+SMF and APN/DNN information to the target CN network during location update procedure.
To provide IP address preservation to UEs operating in single-registration mode when the UE moves from 5GC to EPC, the network supports 1, 4, 5 and the following below:
6.	When UE performs TAU in EPC and provides an indication that the old node was an AMF 4G-GUTI mapped from 5G-GUTI, the MME determines that the old node is AMF and rejects the procedure with a "Handover PDN Connection Setup Support" indication to the UE.
NOTE-1:	Items 4 and 5 are also supported in networks that support interworking with N26 procedures. This enables a VPLMN that does not deploy N26 interface to provide IP address continuity to roamed-in single-registration mode UEs from a HPLMN that only supports interworking with N26 procedures.
To provide IP address preservation to UEs operating in single-registration mode when the UE moves from EPC to 5GC, the network supports 2, 3, 5 and the following below:
7.	When UE performs mobility Registration in 5GC and provides an 5G-GUTI mapped 4G-EPS GUTI, the AMF determines that the old node is MME and proceeds with the procedure and provides a "Handover PDU Session Setup Support" indication to the UE in the Registration Accept message.
Networks that support 5GS-EPS interworking procedures without N26 do not need to provide the UEs with mapped target system parameters (e.g. QoS parameters, bearer IDs/QFI, PDU session ID, etc.) of the target system when UE is in the source network.
NOTE-2:	A UE in a VPLMN that supports interworking without N26 may be provided with mapped QoS parameters from PGW-C+SMF in HPLMN for home-routed PDN connection, if the HPLMN supports interworking procedures with N26 interface.
[bookmark: _Toc488397034]5.17.2.3.2	Mobility for UEs in single-registration mode
When the UE supports single-registration mode and network supports interworking procedure without N26 interface:
-	For mobility from 5GC to EPC, the UE performs TAU procedure with an indication that the old node was an AMF. 4G-GUTI mapped from 5G-GUTI. The In this case the MME determines that old node is an AMF, rejects the TAU with a "Handover PDN Connection Setup Support" indication to the UE. Based on this indication, the UE may perform Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401 [26], clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401 [26] clause 5.10.2).
Editor's note:	It is FFS if it is optional for UE in single-registration mode to perform the procedure mentioned in bullet above and what will be the impacts.
NOTE:	The first PDN connection may be established during with the E-UTRAN Initial Attach procedure (see TS 23.401 [26]).
Editor's note:	Additional optimization to enable UE to skip the TAU request/reject when UE is in connected mode in 5GC when mobility to EPC occurs is FFS.
-	For mobility from EPC to 5GC, the UE performs Registration of type "mobility registration update" in 5GC with 5G-GUTI mapped from 4G-EPS GUTI. The AMF determines that old node is an MME, but proceeds as if the Registration is of type "initial registration". The Registration Accept includes "Handover PDU Session Setup Support" indication to the UE. Based on this indication, the UE may subsequently move all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "Existing PDU Sessions" flag (TS 23.502 [3], clause 4.3.2.2.1).
*** Next change ***
[bookmark: _Toc485034402]Annex X (normative):
Mapping between temporary identities
When interworking procedures with N26 are used and the UE performs idle-mode mobility from 5GC to EPC the following mapping from 5G GUTI to EPS GUTI applies:
-	5G <MCC> maps to EPS <MCC>
-	5G <MNC> maps to EPS <MNC>
-	5G <AMF Region ID> maps to EPS <MMEGI>
-	5G <AMF Set ID> and 5G <AMF Pointer> map to EPS <MMEC>
-	5G <5G-TMSI> maps to EPS <TMSI>
[bookmark: _GoBack]NOTE: 	The mapping described above does not necessarily imply the same size for 5G GUTI and EPS GUTI components that are mapped. The size of 5G GUTI components and other mapping details are left to Stage 3. 
[bookmark: _MON_1546945334][bookmark: _MON_1541923653][bookmark: _MON_1403814463][bookmark: _MON_1403814472][bookmark: _1407230184][bookmark: _MON_1546401238][bookmark: _MON_1546402358][bookmark: _MON_1548689771][bookmark: _MON_1545478660][bookmark: _MON_1545482286][bookmark: _MON_1546339004][bookmark: _MON_1546382590]
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