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Abstract of the contribution: Based on the requirements the 5GS Temporary Identifiers need to fulfil, proposing two alternative solutions, based on either 40 bits or 48 bits paging message.
Background
According to TS 23.501 clause 5.9.4:

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 1:
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.

NOTE 2: See TS 23.003 [19] for details on the structure of the fields of GUAMI.

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>
TS 23.003 clause 2.10.1 gives the length of the 5G identifiers:

MCC and MNC shall have the same field size as in earlier 3GPP systems.

5G-TMSI shall be of 32 bits length.

AMF Region ID shall be of 16 bits length.

AMF Set ID shall be of 4 bits length.

AMF Pointer shall be of 4 bits length.

And TS 23.003 clause 2.10.2.1.2 gives the mapping from 5G-GUTI to GUTI in the UE:

When a UE moves from 5GS to an E-UTRAN, the UE needs to map the 5G-GUTI to a GUTI.

The mapping of the 5G-GUTI to a GUTI shall be done as follows:

5GS <MCC> maps to E-UTRAN <MCC>

5GS <MNC> maps to E-UTRAN <MNC>

5GS <AMF Region ID> maps to E-UTRAN <MME Group ID>

5GS <AMF Set ID> and 5GS <AMF Pointer> map to E-UTRAN <MME Code> as follows:

-
4 bits of the 5GS <AMF Set ID> starting at bit 3 and down to bit 0 are mapped into bit 7 and down to bit 4 of the E‑UTRAN <MME Code>;

-
4 bits of the 5GS <AMF Pointer> starting at bit 3 and down to bit 0 are mapped into bit 3 and down to bit 0 of the E‑UTRAN <MME Code>;
5GS <5G-TMSI> maps to to E-UTRAN <M-TMSI>
Analysis

According to S2-181889 the following requirements are proposed:

R1:
It shall be possible to support at least 16 AMF regions.
R2:
It shall be possible to support at least 2000 AMF sets.
R3:
It shall be possible to support at least 16 AMFs within an AMF set.
R4:
It shall be possible to address different magnitudes of subscribers in different network slices without wasting address space for slices that do not require hosting large number of subscribers.

R5:
It shall be possible to have a connection density of at least 1 million devices per km2.
R6:
It shall be possible for an AMF to avoid collisions between a 5G-GUTI allocated before and a 5G-GUTI allocated after a restart of the AMF with loss of UE context data.
R7:
It shall be possible for a legacy MME (e.g. via a DNS query) to get the address of an old AMF (to fetch context data) based on information provided by the UE at registration.
R8:
It shall be possible for an AMF (e.g. via an NRF query) to get the address of an old MME (to fetch context data) based on information provided by the UE at registration.
R9: 
Paging a UE within the service area of an AMF shall not require more than 40 bits

And as an alternative to requirement R9 it has been discussed to extend the paging message to a maximum length of 48 bits. Based on that follows below two alternative solution proposals:

I. Solution proposal based on requirement R1 – R9. This includes the requirement that paging a UE within the service area of an AMF shall not require more than 40 bits. 
II. Solution proposal based on requirement R1 – R8 and the requirement that paging a UE within the service area of an AMF shall not require more than 48 bits.
I. Solution proposal based on requirement R1-R9 
To comply to the requirements of supporting at least 2000 AMF sets a change of the current length for the AMF Set ID is necessary but there are also other requirements/constrains that must be adhered:

A. At EPS interworking the MME is using the information provided by the UE, within the combined fields of MMEGI and MMEC, to get the address of the old serving AMF. These fields have together a length of 24 bits (MMEGI 16 bits, MMEC 8 bits). This means that the combined length of the AMF Region ID, the AMF Set ID and the AMF Pointer must not exceed 24 bits.
B. Currently the RRC paging message is limited to 40 bits and must contain identities uniquely identifying a UE within the paged area. This means that the combined length of the AMF Set ID, the AMF Pointer and the 5G-TMSI must not exceed 40 bits.
With a length of 8 bits (256 values) for the AMF Region ID 
and adhering to constraint A above, the maximum combined length of AMF Set ID and AMF pointer may, at a maximum, be of 16 bits length (24 – 8 bits). By applying the currently agreed length of 4 bits (16 values) for the AMF Pointer a length of 12 bits (4096 values) may be used for the AMF Set ID.

Proposal 1:
Request CT4 to consider using an 8 bits length of the AMF Region ID and a 12 bits length for the AMF Set ID.
As a consequence of using AMF Region ID with 8 bits length and AMF Set ID with 12 bits length, the current 1:1 mapping in UE from AMF Region ID to MMEGI and the current mapping of AMF Set ID into bit 7 and down to bit 4 of the MMEC is no longer possible. Instead the AMF Region ID and the AMF Set ID (8 + 12 bits) should be mapped to the combined 20 bits length space of the MMEGI and bits 7-4 of the MMEC. At DNS queries from MME there is a risk of collisions between GUMMEI and GUAMI with same values but choosing different values for these as part of the normal configuration of the network should avoid such collisions.
Proposal 2:
Request CT4 to reconsider the mapping rules in the UE regarding mapping of AMF Region ID and AMF Set ID, and instead consider and detailing the mapping of AMF Region ID and the AMF Set ID (8 + 12 bits) to the combined 20 bits length space of the MMEGI and bits 7-4 of the MMEC. 
Now then, what about constraint B above “combined length of the AMF Set ID, the AMF Pointer and the 5G-TMSI must not exceed 40 bits.”?

Applying 12 bits for the AMF Set ID and 4 bits for the AMF Pointer means that 24 bits (40-12-4 bits) are left for the 5G-TMSI. 24 bits means approximately 16 million values, and this may be too low for some deployments of AMFs. But for deployments that require more that 16 million values in an AMF this may be achieved by using multiple AMF Set IDs (or multiple AMF Pointers) in the AMF. With e.g. use of 8 AMF Set IDs by all AMFs in a group of AMFs supporting a set of network slices, it would be possible to host approx. 134 million subscribers in each AMF in the group. Using the possibility of having multiple AMF Set IDs in an AMF will also make it possible to handle the density requirement of 1 million devices per square km in e.g. an area like Shanghai. In Shanghai with an area of approx. 7000 km2 it would then be required the connection service of 7 billion devices. With use of 16 million subscribers represented in a base set of the 5G-TMSI and 16 AMF pointers per AMF Set ID there will be a need to allocate around 28 AMF Set IDs per AMF (28*16*16 million = 7,168 billion) which seems manageable.
Proposal 3:
Request CT4 to consider using a 24 bits length of the 5G-TMSI and using a mapping in the UE from 5G-TMSI to bits 23 to 0 of the M-TMSI. Clarify that multiple AMF Set IDs and/or multiple AMF Pointers may be used by an AMF. 
Solution proposal I gives the following length of the 5G identifiers and their corresponding maximum no. of values:
	5G Identifier
	 Bit length
	Maximum no of values

	AMF Region ID
	8
	256

	AMF Set ID
	12
	4096

	AMF Pointer
	4
	16

	5G-TMSI
	24
	Approx. 16 million


With use of multiple AMF Set IDs (or multiple AMF Pointers) in an AMF, the maximum number of hosted subscribers are multiplied e.g. using 8 AMF Set IDs in an AMF, it would be possible to host approx. 134 million subscribers in the AMF.
To illustrate the effect of the Solution proposal I, on mapping of temporary identifiers at interworking between 5GS and EPS an example is given of a possible mapping between 5G-GUTI and the temporary identifier in 4G, GUTI:
5G-GUTI
	PLMN-ID
	AMF 
Region ID
	AMF Set ID
	AMF 
Pointer
	8 bits used for mapped 5G-GUTI
	5G-TMSI

	
	8 bits
	12 bits
	4 bits
	
	24 bits

	↓
	↓
	↓
	↓
	↓
	↓


GUTI

	PLMN-ID
	AMF Region ID
	AMF Set ID
8 + 4 bits
	AMF pointer
	8 bits unused
	5G-TMSI

	
	MMEGI
	MMEC
	M-TMSI

	
	16 bits

12 bits
	8 bits
	32 bits


In case of an AMF restart with loss of UE context data the use of a restart counter within a native 5G-GUTI may help the AMF to avoid collisions between a 5G-GUTI allocated before and a 5G-GUTI allocated after the restart. For that purpose, it is proposed to include an optional restart counter in conjunction with the proposed 5G-TMSI. The length of the restart counter is proposed to be vendor specific but at a maximum of 8 bits not letting the 5G-GUTI exceed the length of the GUTI. Due to constraint B above the restart counter is not included in the 40 bits paging message but present in NAS signalling between the UE and the AMF allowing AMF to avoid 5G-GUTI collisions e.g. at Service requests. 
Proposal 4:
Request CT4 to consider including, in the native 5G-GUTI, an optional restart counter in conjunction with the proposed 5G-TMSI. Clarifying that the restart counter is not to be included in the paging message.
II. Solution proposal based on requirement R1-R8 and the requirement that paging a UE within the service area of an AMF shall not requiring more than 48 bits.
By extending the paging message up to 48 bits it will be possible to use the 8 added bits to represent a larger number of subscribers in each AMF. Extending the 5G-TMSI with 8 bits thereby using 32 bits for the 5G-TMSI and with everything else equal to Solution proposal I, gives a possibility to represent a maximum of approximately 4.3 billion subscribers, or with an included restart counter of e.g. 4 bits it will be possible to represent 268 million subscribers.

Proposal 5:
Request RAN 2 / RAN3 to consider extending the encoding space for the 5G-S-TMSI from 40 bits to 48 bits. Clarify that multiple AMF Set IDs and/or multiple AMF Pointers may be used by an AMF.
Solution proposal II gives the following length of the 5G identifiers and their corresponding maximum no. of values:
	5G Identifier
	 Bit length
	Maximum no of values

	AMF Region ID
	8
	256

	AMF Set ID
	12
	4096

	AMF Pointer
	4
	16

	5G-TMSI
	32
	Approx. 4.3 billion


To illustrate the effect of the Solution proposal II, on mapping of temporary identifiers at interworking between 5GS and EPS an example is given of a possible mapping between 5G-GUTI and the temporary identifier in 4G, GUTI:

5G-GUTI

	PLMN-ID
	AMF 
Region ID
	AMF Set ID
	AMF 
Pointer
	5G-TMSI

	
	8 bits
	12 bits
	4 bits
	32 bits

	↓
	↓
	↓
	↓
	↓


GUTI

	PLMN-ID
	AMF Region ID
	AMF Set ID
8 + 4 bits
	AMF pointer
	5G-TMSI

	
	MMEGI
	MMEC
	M-TMSI

	
	16 bits

12 bits
	8 bits
	32 bits


Proposal
It is proposed that SA2 accepts the following proposals:

Proposal 1:
Request CT4 to consider using an 8 bits length of the AMF Region ID and a 12 bits length for the AMF Set ID.
Proposal 2:
Request CT4 to reconsider the mapping rules in the UE regarding mapping of AMF Region ID and AMF Set ID, and instead consider and detailing the mapping of AMF Region ID and the AMF Set ID (8 + 12 bits) to the combined 20 bits length space of the MMEGI and bits 7-4 of the MMEC. 
It is also proposed that SA2 accepts either proposal 3 and 4 or accepts proposal 5:
Proposal 3:
Request CT4 to consider using a 24 bits length of the 5G-TMSI and using a mapping in the UE from 5G-TMSI to bits 23 to 0 of the M-TMSI. Clarify that multiple AMF Set IDs or multiple AMF Pointers may be used by an AMF.

Proposal 4:
Request CT4 to consider including, in the native 5G-GUTI, an optional restart counter in conjunction with the proposed 5G-TMSI. Clarifying that the restart counter is not proposed to be included in the paging message.
Proposal 5:
Request RAN2 / RAN3 to consider extending the encoding space for the 5G-S-TMSI from 40 bits to 48 bits. Clarify that multiple AMF Set IDs and/or multiple AMF Pointers may be used by an AMF.

And asking CT4 to adapt to the proposed way forward.

Identified required changes if accepted

If the above proposals are accepted the following required changes have been identified:

In TS 23.501:

· Clarify in clause 5.9.4 that multiple AMF Set IDs or multiple AMF Pointers may be used by an AMF.
· In Annex B change the AMF Region ID and AMF Set ID mapping to MMEGI and MMEC.
In TS 23.003:

· Clause 2.10.1 change the length of the 5G-TMSI, AMF Region ID and the AMF Set ID.
· Clause 2.10.1 include optional use of a restart counter in conjunction with the 5G-TMSI.

· Clause 2.10.2.1.2 change the mapping in the UE of the 5G-TMSI, AMF Region ID and the AMF Set ID into the M-TMSI, MMEGI and MMEC.
�Due to constraint B there is no gain in using only 4 bits for the AMF Region ID (the extra 4 bits cannot be used by AMF Set ID or the AMF Pointer).
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