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Introduction 

An LS has been sent from SA2 to ask whether it is possible to extend the encoding space for the 5G-S-TMSI from 40 bits to e.g. 48 bits [1]. SA2 has observed that this results in some complexities for EPS inter-working. In this paper, we discuss the impact on EUTRA connected to 5GC if the encoding space is extended and propose possible mechanisms to transmit the 48-bit 5G-S-TMSI under the size limitation of MSG3.

Discussions
In LTE, S-TMSI is a temporary UE identity provided by the EPC which uniquely identifies the UE within the tracking area. The definition of  S-TMSI [2] is as follows:

<S-TMSI> = <MMEC><M-TMSI>

Where;

MMEC: MME Code, 8 bits;

M-TMSI: MME- Temp Mobile subscriber ID, 32 bits.

The 40-bit S-TMSI  is mainly meant for two main purposes:

1.Paging the UE in Idle mode

2.RRCConnectionRequest Message 

For EUTRA connected to 5GC, 5G-S-TMSI will be used for the two main purposes.  We would analyze the use cases of the two main purposes and evaluate the impact of extending the 5G-S-TMSI code space to 48 bits.

Impact on paging

At RAN2 #101 meeting, it is agreed that “5g-s-TMSI is added to IE PagingUE-Identity (legacy S-TMSI field is never used to page UEs connected to 5GC)”. And the following ASN.1 should be applied after enhancement.

-- 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

Figure 1. ASN.1 for Enhanced UE Paging Identity

In this way, S-TMSI and 5G-S-TMSI are used to page legacy UEs (supporting EPC only) and UEs supporting 5GC, respectively. The maximum number of UEs can be paged via a paging message is 16. Thus, up to 128 extra bits are required if the 5G-S-TMSI is extended to 48 bits.

If 40-bit 5G-S-TMSI is used to page 16 UEs, the signaling overhead for this paging message is (40+1)*16+6=662 bits. If the extended 48-bit 5G-S-TMSI is used to page 16 UEs, the signaling overhead will be (48+1)*16+6=790 bits. The signaling overhead has increased by only 19 percent, which is acceptable.

Observation 1: The impact of extending the 5G-S-TMSI code space on paging is acceptable.

Impact on RRCConnectionRequest message 

The RRC connection request is sent on SRB0 using the UL CCCH, i.e. “MSG3” of the LTE random access procedure. As SRB0 uses RLC TM and hence lacks segmentation, the whole RRC PDU must be sent within a single transport block which limits its size. The size of the transport block is determined by the number of bits that can be reliably delivered to a UE at the cell edge and can be as low as 56 bits in some deployments. After removing MAC, RLC, and PDCP overhead, only 48 bits remain for the actual RRC PDU of which 8 bits are taken by the establishment cause. Hence, only 40 bits remain for the UE ID.

Observation 2: The size of RRCConnectionRequest message is limited to 48 bits of which only 40 bits can be used for the UE-ID.

An example of extending the 5G-S-TMSI has been attached in the LS from SA2 [3]:
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Figure 2. An example of  5G-S-TMSI

 <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, 12 bits;
AMF Pointer: AMF Pointer uniquely identifies the AMF within the AMF Set, 4 bits;
5G-TMSI: The 5G-TMSI is a UE identifier that is unique within a specific AMF (identified by AMF Set ID and AMF Pointer), 32 bits.
It seems impossible for the extended 48-bit 5G-S-TMSI to fit into RRCConnectionRequest message due to the size limitation of MSG3 (i.e. only 40 bits are available). However, as the S-TMSI/5G-S-TMSI in RRCConnectionRequest message is used for contention resolution, some alternatives can be considered to signal the 5G-S-TMSI from UE to ng-eNB.

Alternative 1: UE transmits the 40 LSB of 5G-S-TMSI in MSG3 and transmits the 8 MSB in MSG5.
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Figure 3. 5G-S-TMSI partitioning

UE transmits the 40 LSB of 5G-S-TMSI via RRC Connection Request message. The 40 LSB transmitted in RRC Connection Request message include:

 <5G-TMSI>: 32 bits

<AMF Pointer>: 4 bits

<AMF Set ID>: 4 LSB

For initial access, the 40 LSB of  5G-S-TMSI can  be used for contention resolution.

UE transmits the MSB 8 bits of  5G-S-TMSI via RRC Connection Setup Complete message. The MSB 8bits transmitted in RRC Connection Setup Complete message include:

<AMF Set ID>: 8 MSB

After transmission of the RRC Connection Setup Complete message, the entire 5G-S-TMSI  is transmitted from UE to EUTRAN, allowing the identification of the Access and AMF and network. It can be used by the network and the UE to establish the UE's identity during signalling between them in the 5GS. It should be noted that there is still a possibility that the last 40 bits of two UEs are the same and in this case the contention is not fully resolved. However, no specific means is proposed to solve this issue as this is a very improbable case. 
Alternative 2:UE transmits a random value in MSG3 and  transmits the entire 5G-S-TMSI in MSG5.

UE transmits a 40-bit random value via RRC Connection Request message for contention resolution. The entire 5G-S-TMSI is transmitted from UE to EUTRAN via RRC Connection Setup Complete message.

Observation 3: It is possible to transmit the extended 5G-S-TMSI from UE to EUTRAN under the size limitation of MSG3.

Based on the above analysis, we have the following proposals:

Proposal 1: Reply to SA2 that it is possible to extend the encoding space for the 5G-S-TMSI from 40 bits to e.g. 48 bits-per the draft in [4].

Proposal 2: RAN 2 to discuss the two alternatives of transmitting the extended 48- bit 5G-S-TMSI from UE to EUTRAN under the size limitation of MSG3:

-UE transmits the 40 LSB of 5G-S-TMSI in MSG3 and transmits the 8 MSB in MSG5.

-UE transmits a random value in MSG3 and transmits the entire 5G-S-TMSI in MSG5.
Conclusion

Based on all the analysis above, we have the following observations and proposals:

Observation 1: The impact of extending the 5G-S-TMSI code space on paging is acceptable.

Observation 2: The size of RRCConnectionRequest message is limited to 48 bits of which only 40 bits can be used for the UE-ID.

Observation 3: It is possible to transmit the extended 5G-S-TMSI from UE to EUTRAN under the size limitation of MSG3.

Proposal 1: Reply to SA2 that it is possible to extend the encoding space for the 5G-S-TMSI from 40 bits to e.g. 48 bits-per the draft in [4].

Proposal 2: RAN 2 to discuss the two alternatives of transmitting the extended 48- bit 5G-S-TMSI from UE to EUTRAN under the size limitation of MSG3:

-UE transmits the 40 LSB of 5G-S-TMSI in MSG3 and transmits the 8 MSB in MSG5.

-UE transmits a random value in MSG3 and transmits the entire 5G-S-TMSI in MSG5.
Reference

S2-182964 LS on 5G-S-TMSI code space

TS 23.003

S2-181889 5GS Temporary Identifiers and mapping – Requirements

[4] R2-1804462 Draft Reply LS on 5G-S-TMSI code space
_1234567890.vsd
8


1


2


3


7


4


5


6


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


31


32


33


34


35


36


37


38


39


40


41


42


43


44


45


46


47


48


AMF Set ID


AMF Pointer


5G-T-MSI



_1234567891.vsd
8


1


2


3


7


4


5


6


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


31


32


33


34


35


36


37


38


39


40


41


42


43


44


45


46


47


48


AMF Set ID


AMF Pointer


5G-T-MSI


Second portion: MSB 8 bits


First portion: LSB 40 bits



