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Introduction
In RAN2 #99bis, an LS was sent to CT1 and SA2 to identify the size of S-TMSI and 5G-S-TMSI and potential collision between the two identifiers [1] [2]. The detail questions are as follows:

	Questions to CT4:
To further progress details of RRC signalling, RAN2 respectfully ask CT4 the following question: 
1. RAN2 would request CT4 to provide the length of 5G-S-TMSI along with its constituent identifiers including AMF Set ID, AMF Pointer and 5G-TMSI. RAN2 would also request CT4 to provide the length of AMF Region ID.

Questions to SA2:
To further progress details of RRC signalling, RAN2 respectfully ask SA2 the following question: 
1. RAN2 would like SA2 to clarify for the case of E-UTRA connected to both EPC and 5GC, if the 40 bit S-TMSI address space is partitioned into two for EPC and 5GC (i.e., no overlap)? Or, is there is a possibility that EPC and 5GC may assign the same value for S-TMSI and 5G-S-TMSI identifiers for different UEs, if both identifiers have same size? Also, does SA2 plans to have some level of coordination between EPC and 5GC in terms of S-TMSI and 5G-S-TMSI allocation?



A response was received from CT4 to Reno  [5] indicating that:
CT4 has agreed C4-175290 which specifies the length of the following identifiers as follows:
· 5G-S-TMSI: 40 bits long
· AMF Set ID: 4 bits long
· AMF Pointer: 4 bits long
· 5G-TMSI: 32 bits long
· AMF Region ID: 16 bits long 

Further, a response has been received from SA2 to Athens [6] including: 
Answers:
SA2 does not assume partitioning or coordination for the 5G-S-TMSI/S-TMSI number space between MMEs and AMFs serving an eNB connected to both EPC (MME) and 5GC (AMF). As a result EPC and 5GC are allowed to assign the same value for S-TMSI and 5G-S-TMSI identifiers for two different UEs accessing EPC and 5GC, respectively. SA2 would therefore like to ask RAN2 to distinguish the S-TMSI type (S-TMSI or 5G-S-TMSI) in RRC signalling. 
The contribution is a revision of R2-1713272, taking these responses into consideration when addressing  the size of S-TMSI and 5G-S-TMSI is similar and the value is overlapping.
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk497902560]A summary of the main 5GC associated identifiers (along with mapping of LTE Identifiers) that would need to be exchanged on RRC to support LTE connected to 5GC is reflected in Table 1 below, according to annex G in [3]: 

 Table.1 : Summary of 5GC related identifier

	Identifiers LTE/EPC  (size in bits)
	Description (Size in LTE)
	Identifiers LTE/5GC 

	M-TMSI (32 bits)
	MME- Temp Mob subsc ID: Unique with in an MME  
	5G-TMSI

	S-TMSI (40 bits)
	SAE/EPC Temp Mob Subs ID = M-TMSI + MMEC
	5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>

	GUMMEI  (48 bits)
	Globally Unique MME ID= PLMN ID+ MMEI
	GUAMI= <GUAMI> := <MCC> <MNC> <AMF Region ID> <AMF Set ID> <AMF Pointer> 

	GUTI (max 80 bits)
	Globally Unique Temp ID: GUMMEI+ M-TMSI (MME --> UE)
	GUAMI+ 5G-TMSI

	MMEC  (8 bits)
	MME code
	<AMF Set ID> <AMF Pointer>

	MMEI  (24 bits)
	MME Identifier= MMEGI+ MMEC  
	<GUAMI>

	MMEGI (16 bits)
	MME Group Identifier 
	<AMF Region ID>

	MCC (3 bits)
	Mobile Country Code 
	MCC

	MNC (2-3 bits)
	Mobile Network Code
	MNC



A key 5GC related network identifier in Table. 1 above is 5G-S-TMSI, equivalent of S-TMSI in LTE/EPC. 

[bookmark: _Hlk497902687]5G-S-TMSI encapsulates several of the 5GC-related identifiers in Table 1. From 3GPP TS 23.501 [1], the 5G-S-TMSI is defined as:
“
<5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>
“
Where; 
AMF Set ID: The AMF Set ID uniquely identifies the AMF Set within an AMF Region 
AMF Pointer:  AMF Pointer uniquely identifies the AMF within the AMF Set. 
5G-TMSI: The 5G-TMSI is a UE identifier that is unique within a specific AMF (identified by AMF Set ID and AMF Pointer)

S-TMSI is a 40 bit identifier used in LTE and is defined as follows: 
<S-TMSI> = <MMEC (8 bit)><M-TMSI (32 bits)> 
Where;
MMEC: MME Code
M-TMSI: MME- Temp Mob subsc ID

S-TMSI is mainly meant for two main purposes:
1. Paging the UE in Idle mode
2. RRCConnectionRequest Message 

Based on the above-refered response from CT4, we make the following observation
[bookmark: _Hlk497747876][bookmark: _Hlk497747881]The size of S-TMSI and 5G-S-TMSI is 40 bits. 

[bookmark: _Hlk497902918]Since both S-TMSI and 5G-S-TMSI have the same size of 40 bits, there is a chance of collision between the two network identifiers in network with LTE connectivity to both EPC and 5GC. The reason for this collision is that there would be some UE’s in cell that are attached to EPC and some UE’s that are attached to 5GC. If the S-TMSI assigned to UE in LTE connected to EPC and 5G-S-TMSI assigned to a UE in LTE connected to 5GC have the same value, there would be a collision in scenarios with utilization of S-TMSI and 5G-S-TMSI. 
There is a possibily of collision between S-TMSI and 5G-S-TMSI in use cases of these identifiers, i.e., the paging and the RRC Connection Request. 

[bookmark: _Hlk497747888]If the S-TMSI assigned to UE in LTE connected to EPC and 5G-S-TMSI assigned to a UE in LTE connected to 5GC have the same value, there would be a collision in scenarios with utilization of S-TMSI/5G-S-TMSI. 
There is a possibily of collision between S-TMSI and 5G-S-TMSI in use cases of these identifiers which are mainly as follows: 
•	Paging an Idle mode UE
•	RRCConnectionRequest message

We would analyze these use cases and proposed potential solutions to avoid collision between S-TMSI and 5G-S-TMSI. 
Collison during Paging of Idle mode UE’s
[bookmark: _Hlk497902012]The network used the paging procedure for the following purposes: 

1. to inititate the establishment of a NAS signaling connection with the UE in idle mode. 
2. to initiate the mobile terminating CS fallback procedure towards the UE.
3. to inform UEs in IDLE and RRC Connected mode about the System Information Change. 

The network used the S-TMSI in Paging message using the IE PagingUE-Identity [4] as shown in Fig. 1 below:


-- ASN1START


PagingUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	imsi								IMSI,
	...
}

IMSI ::=							SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=						INTEGER (0..9)

-- ASN1STOP

Fig. 1 :  ASN.1 for UE Paging Identity

[bookmark: _Hlk497902025]It is not defined yet how the 5G-S-TMSI would be used in Paging message for LTE connected to 5GC. If the S-TMSI IE is used to convey the 5G-S-TMSI identifier as well and the value of the two identifiers is same, it would be two UE’s that would interpret the message as directed towards them and would react to it. To avoid this collision, we propose to add a new sub IE 5G-S-TMSI within IE PagingUE-Identity as shown in Fig.2  below:

[bookmark: _Hlk497901679]-- ASN1START


PagingUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	imsi								IMSI,
	5g-s-TMSI							5G-S-TMSI,
	...
}

IMSI ::=							SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=						INTEGER (0..9)

-- ASN1STOP


Fig. 2 :  ASN.1 for Enhanced UE Paging Identity


The legacy UE would not interpret the new IE 5G-S-TMSI and only the UE’s connected to 5GC would be able to interpret it. On the other hand, UE’s connected to 5GC would not interpret the legacy IE s-TMSI and only legacy UE’s would read it. The alternative option to indicate the 5G-CN in the paging record would not work since it would not prevent the legacy UE’s from reading the S-TMSI in paging UE-Identity. Thus, in case of matching S-TMSI and 5G-S-TMSI value, the legacy UE’s would respond incorrectly to the paging message meant for 5GC UE’s. 

[bookmark: _Toc497747795][bookmark: _Toc506122745][bookmark: _Toc506510051]Enhance the IE PagingUE-Identity with a new value 5g-s-TMSI which would be interpreted by UE’s connected with 5GC only, thus avoiding legacy UE’s from interpreting the Paging as intended for them. 


Collison during RRCConnectionRequest message 

[bookmark: _Hlk497903683]The RRC connection request message is used when transitioning from idle to connected mode. The ASN.1 for RRCConnectionRequest message is expressed below in Fig.3 [4] with the ue identity part highlighted. S-TMSI is used as a initial UE identity to identify the message. 


-- ASN1START

RRCConnectionRequest ::=			SEQUENCE {
	criticalExtensions					CHOICE {
		rrcConnectionRequest-r8				RRCConnectionRequest-r8-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCConnectionRequest-r8-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity,
	establishmentCause					EstablishmentCause,
	spare								BIT STRING (SIZE (1))
}

InitialUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	randomValue							BIT STRING (SIZE (40))
}

EstablishmentCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

-- ASN1STOP

 
Fig. 3 :  ASN.1 for RRCConnectionRequest Message
 
[bookmark: _Hlk497903708]As discussed in section 2, the message 3 in LTE is constrained in size and thus there is not much space available to have a bigger size of 5G-S-TMSI for differentiation from S-TMSI. If a UE connected to EPC and a UE connected to 5GC used the same value of this identity in RRCConnectionRequest, it would end up in a collision at the base station and one of the UE would not receive the RRCConnectionSetup message in response. The probability for this collision is much lower compared to the Paging collision stated in section 2.1, since there are multiple conditions that need to be fulfilled for this collision: 
1. Both UE’s used the same RACH preamble 
2. Both UE try to send the RRCConnectionRequest exactly at the same time 

The easiest solution to differentiate the RRCConnectionRequest message received at network from two UE’s is to indicate the core network in the RRCConnectionRequest message. In this way, the network could easily differentiate between the two RRCConnectionRequest messages, even if the ue-identity IE have the same value. As seen in figure.1, there is a spare bit available in  RRCConnectionRequest, this should be utilized to indicate the cn using the Boolean IE cn-Domain-5G as shown in Figure.4. The legacy UE’s would not use this IE but the UE connected to 5GC could indicate the connectivity to 5GC by setting this bit and thus avoid potential collision on having the same value of 5G-S-TMSI as S-TMSI of another UE. 

[bookmark: _Toc497747796][bookmark: _Toc506122746][bookmark: _Toc506510052]Indicate the core network in the RRCConnectionRequest message to differentiate the RRCConnectionRequest message received at network from two UE’s having similar value of ue identity (5G-S-TMSI/S-TMSI). 


[bookmark: _Hlk497901720]-- ASN1START

RRCConnectionRequest ::=           SEQUENCE {
    criticalExtensions                CHOICE {
       rrcConnectionRequest-r8            RRCConnectionRequest-r8-IEs,
       criticalExtensionsFuture           SEQUENCE {}
    }
}

RRCConnectionRequest-r8-IEs ::=     SEQUENCE {
    ue-Identity                       InitialUE-Identity,
    establishmentCause                EstablishmentCause,
    cn-Domain-5G 					  BOOLEAN,
}

[bookmark: _Hlk506129548]InitialUE-Identity ::=             CHOICE {
    s-TMSI                           S-TMSI,
    randomValue                       BIT STRING (SIZE (40))
}

EstablishmentCause ::=             ENUMERATED {
                                     emergency, highPriorityAccess, mt-Access, mo-Signalling,
                                     mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

-- ASN1STOP

 
Fig. 4 :  ASN.1 for Enhanced RRCConnectionRequest Message

Conclusion
This contribution proposes solution to handle the condition when the size of S-TMSI and 5G-S-TMSI is similar and the value is overlapping.  In section 2 we made the following observations:

1.      The size of S-TMSI and 5G-S-TMSI is 40 bits.
If the S-TMSI assigned to UE in LTE connected to EPC and 5G-S-TMSI assigned to a UE in LTE connected to 5GC have the same value, there would be a collision in scenarios with utilization of S-TMSI/5G-S-TMSI. 
There is a possibily of collision between S-TMSI and 5G-S-TMSI in use cases of these identifiers which are mainly as follows: 
•	Paging an Idle mode UE
•	RRCConnectionRequest message

Based on the discussion in section 2 we propose the following:
Proposal 1	Enhance the IE PagingUE-Identity with a new value 5g-s-TMSI which would be interpreted by UE’s connected with 5GC only, thus avoiding legacy UE’s from interpreting the Paging as intended for them.
Proposal 2	Indicate the core network in the RRCConnectionRequest message to differentiate the RRCConnectionRequest message received at network from two UE’s having similar value of ue identity (5G-S-TMSI/S-TMSI).
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