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1. Introduction

This paper analyzes stage 3 specification changes required to support control plane user data and SMS transfer in 5GS for both UEs in connected mode and in idle mode.
2. Discussion

User data transport via control plane is one of the key functionalities of 5G CIoT feature that needs to be supported in 5GS for the UEs that support control plane CIoT optimizations. 

Depending on the UE's connection management state, the following cases are examined in the next subsections:

· User data transfer for UE in connected mode
· User data transfer for UE in idle mode
· SMS transfer for UE in connected mode
· SMS transfer for UE in idle mode
2.1 User data transfer for UE in connected mode
To enable control plane user data transfer in 5GS, user data has to be transported between the UE and the SMF as payload of NAS messages as specified in TS 23.501:

The Control Plane CIoT 5GS Optimisation is used to exchange user data between the UE and the SMF as payload of a NAS message in both uplink and downlink directions, avoiding the establishment of a user plane connection for the PDU Session. 

Currently subclause 5.4.5 of TS 24.501 already specifies a generic NAS transport mechanism for UE in connected mode to transport payload between the UE and the AMF:

The purpose of the NAS transport procedures is to provide a transport of payload between the UE and the AMF. The type of the payload is identified by the Payload container type IE and includes one of the following:

a)
a single 5GSM message;

b)
SMS;

c)
an LPP message (see 3GPP TS 36.355 [26]);

d)
an SOR transparent container;

e)
a UE policy container;

f)
a UE parameters update transparent container; or

g)
Multiple payloads.

The mechanism is extensible in that new type of payload can be transported using Payload container once new payload type is defined. 

Observation 1a: Generic NAS transport mechanism has already been specified in 24.501 for UEs in connected mode to transport different types of payloads between the UE and the AMF based on payload type.

TS 23.501 provides the following guideline on information needed to support NAS transport of different types of payload or messages between the UE and the AMF:

-
It is possible to transmit the other type of NAS message (e.g., NAS SM) together with an RM/CM NAS message by supporting NAS transport of different types of payload or messages that do not terminate at the AMF, i.e. NAS-SM, SMS, UE Policy and LCS between the UE and the AMF. This includes:
-
Information about the Payload type;
-
Additional Information for forwarding purposes
-
The Payload (e.g. the SM message in the case of SM signalling);

Specifically for user data transport between the UE and the SMF, since user data belongs to a PDU session, the AMF needs to be able to determine the destination SMF based on PDU session ID according to the procedures of small data transfer in subclause 4.24.1 of TS 23.502:

4.
AMF determines the (V-)SMF handling the PDU session based on the PDU session ID contained in the NAS message and passes the PDU Session ID and the data to the (V-)SMF by invoking a service operation.
Observation 1b: When initiating user data transfer for UEs in connected mode, PDU session ID needs to be passed to the AMF in addition to payload type and user data as payload to enable the AMF to determine the destination SMF.

TS 24.501 specifies that UL NAS TRANSPORT message is used for transport of payload from the UE to the AMF when the UE is in connected mode. 

Table 1 shows the definition for UL NAS TRANSPORT message:

Table 1: UL NAS TRANSPORT message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Extended protocol discriminator
	Extended protocol discriminator
9.2
	M
	V
	1

	
	Security header type
	Security header type
9.3
	M
	V
	1/2

	
	Spare half octet
	Spare half octet
9.5
	M
	V
	1/2

	
	UL NAS TRANSPORT message identity
	Message type
9.7
	M
	V
	1

	
	Payload container type
	Payload container type
9.11.3.40
	M
	V
	1/2

	
	Spare half octet
	Spare half octet
9.5
	M
	V
	1/2

	
	Payload container
	Payload container
9.11.3.39
	M
	LV-E
	3-65537

	12
	PDU session ID
	PDU session identity 2
9.11.3.41
	C
	TV
	2

	59
	Old PDU session ID
	PDU session identity 2
9.11.3.41
	O
	TV
	2

	8
	Request type
	Request type
9.11.3.47
	O
	TV
	1

	22
	S-NSSAI
	S-NSSAI
9.11.2.8
	O
	TLV
	3-10

	25
	DNN
	DNN
9.11.2.1A
	O
	TLV
	3-102

	24
	Additional information
	Additional information
9.11.2.1
	O
	TLV
	3-n


As can be observed from table 1, for uplink direction, the following information needed for AMF to properly route the user data are already included in the UL NAS transport message:

- Payload container type

- Payload container

- PDU session ID
Similarly, for downlink direction, the information needed for AMF to properly route the user data are already included in the DL NAS transport message.

Therefore the only encoding change needed is to extend the existing payload container type by defining a new payload container type "CIoT user data container" as shown below:

Table 2: Payload container information element

	Payload container type value (octet 1)

	Bits

	4
	3
	2
	1
	

	0
	0
	0
	1
	N1 SM information

	0
	0
	1
	0
	SMS

	0
	0
	1
	1
	LTE Positioning Protocol (LPP) message container

	0
	1
	0
	0
	SOR transparent container

	0
	1
	0
	1
	UE policy container

	0
	1
	1
	0
	UE parameters update transparent container

	0
	1
	1
	1
	CIoT user data container

	1
	1
	1
	1
	Multiple payloads

	

	All other values are reserved.

	

	NOTE:
The value "Multiple payloads" is only used when the Payload container contents in figure 9.11.3.39.1 contains multiple payloads as shown in figure 9.11.3.39.2.


Observation 1c: Existing NAS transport mechanism can be easily extended to support user data transfer for UEs in connected mode by adding a new "CIoT user data container" payload container type.

Based on Observation 1a, 1b, 1c, existing geneic NAS transport mechanism (including messages and IEs) can be reused to support user data transfer for UE in connected mode by adding a new "CIoT user data container" payload container type.

Conclusion 1: Existing geneic NAS transport mechanism can be reused to support user data transfer for UEs in connected mode by adding a new "CIoT user data container" payload container type.

2.2 User data transfer for UE in idle mode
When initiating user data transfer for UE in idle mode, a service request message is needed to transit the UE to connected mode. As explained in [4], the existing SERVICE REQUEST message should not be used for sending CP data from 5GMM-IDLE mode since the related signalling is inefficient. In addition, dedicated CONTROL PLANE SERVICE REQUEST message allows specialized support for CIoT control plane 5GS optimization related use cases and to reuse handling logic specified for CIoT EPS optimizations.

Table 3 shows the mandatory and optional information elements of the CONTROL PLANE SERVICE REQUEST message:
Table 3: CONTROL PLANE SERVICE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Extended protocol discriminator
	Extended protocol discriminator

9.2
	M
	V
	1

	
	Security header type
	Security header type

9.3
	M
	V
	1/2

	
	Spare half octet
	Spare half octet

9.5
	M
	V
	1/2

	
	Control plane service request message identity
	Message type

9.7
	M
	V
	1

	
	Control plane service type
	Control plane service type

9.9.3.47
	M
	V
	1/2

	
	ngKSI 
	NAS key set identifier

9.11.3.32
	M
	V
	1/2

	8-
	Payload container type
	Payload container type
9.11.3.40
	O
	TV
	1

	7B
	Payload container
	Payload container
9.11.3.39
	O
	TLV-E
	4-65538

	12
	PDU session ID
	PDU session identity 2
9.11.3.41
	C
	TV
	2

	50
	PDU session status
	PDU session status
9.11.3.44
	O
	TLV
	4-34

	F-
	Release assistance indication
	Release assistance indication

9.11.3.y
	O
	TV
	1

	71
	NAS message container
	NAS message container
9.11.3.33
	O
	TLV-E
	4-n


Here the payload container type "CIoT user data container" defined in section 2.1 in case of user data transfer for UE in connected mode can be reused. Similar to section 2.1, the PDU session ID needs to be passed to the AMF in addition to payload container type and user data as payload to enable the AMF to determine the destination SMF. Additionally PDU session status and Release assistance indication can be optional provided to the AMF for PDU session management and connection management.

Observation 2a: NAS transport mechanism enables the payload container to be piggybacked in a 5GMM message and similar information can be passed to AMF in case of user data transfer for UE in idle mode.
Conclusion 2: Dedicated CONTROL PLANE SERVICE REQUEST message needs to be defined to support user data transfer for UEs in idle mode while existing geneic NAS transport mechanism can be reused to support piggybacking user data for UE in idle mode.
2.3 SMS transfer for UE in connected mode
As can be seen from Table 9.11.3.40.1, SMS payload container type is already supported.

Table 9.11.3.40.1: Payload container information element

	Payload container type value (octet 1)

	Bits

	4
	3
	2
	1
	

	0
	0
	0
	1
	N1 SM information

	0
	0
	1
	0
	SMS

	0
	0
	1
	1
	LTE Positioning Protocol (LPP) message container

	0
	1
	0
	0
	SOR transparent container

	0
	1
	0
	1
	UE policy container

	0
	1
	1
	0
	UE parameters update transparent container

	1
	1
	1
	1
	Multiple payloads

	

	All other values are reserved.

	

	NOTE:
The value "Multiple payloads" is only used when the Payload container contents in figure 9.11.3.39.1 contains multiple payloads as shown in figure 9.11.3.39.2.


Also related handling already specified in subclause 5.4.5.2 and subclause 5.4.5.3. Therefore no additional change is needed in case of SMS transfer for UE in connected mode.

Observation 3a: SMS payload container type is already supported and related handling already specified.

Conclusion 3: No additional change is needed in case of SMS transfer for UEs in connected mode.
2.4 SMS transfer for UE in idle mode
As explained in [5], "one shot" SMS needs to be supported in 5GS for feature parity with the same functionality in EPS when using CIoT optimizations.
Since "SMS" payload container type is already supported, based on similar reasoning explained in section 2.2,  payload container containing SMS message can be piggybacked in CONTROL PLANE SERVICE REQUEST message to be sent to the AMF for further forwarding. 
Table 9.11.3.40.1: Payload container information element

	Payload container type value (octet 1)

	Bits

	4
	3
	2
	1
	

	0
	0
	0
	1
	N1 SM information

	0
	0
	1
	0
	SMS

	0
	0
	1
	1
	LTE Positioning Protocol (LPP) message container

	0
	1
	0
	0
	SOR transparent container

	0
	1
	0
	1
	UE policy container

	0
	1
	1
	0
	UE parameters update transparent container

	1
	1
	1
	1
	Multiple payloads

	

	All other values are reserved.

	

	NOTE:
The value "Multiple payloads" is only used when the Payload container contents in figure 9.11.3.39.1 contains multiple payloads as shown in figure 9.11.3.39.2.


Observation 4a: NAS transport mechanism enables the payload container containing "SMS" to be piggybacked in a 5GMM message to be sent to AMF in case of SMS transfer for UEs in idle mode.
Conclusion 4: SMS transfer for UEs in idle mode can be easily achieved by simply piggybacking the payload container containing "SMS" in the CONTROL PLANE SERVICE REQUEST message.

Overall benefits for payload container based approach:
· Facilitate reuse: 

· for 5GS, Generic NAS transport mechanism has already been specified in 24.501 for UEs in connected mode to transport different types of payloads between the UE and the AMF based on payload type. 
· SMS payload container type is already supported and related handling already specified. 

· Flexibility & modular design: all information are optional. Any combination of scenarios can be supported. 
· Ease of Implementation: both data and SMS are transported via same existing payload container mechanism and same interface. This would simplify both network and UE implementation.
· Extensibility: the mechanism is extensible and future proof. Generic NAS transport mechanism can be easily extended to accommodate more types, additional information can be transported as needed as optional IEs. 

· Efficiency: For IoT device in PSM/eDRX mode, once the UE wakes up for service, there could be multiple data packets to be transported UL or DL. With payload container based approach, these packets can be sent bundled via the existing payload container via “multiple payload”, therefore reducing the number of messages needed for transport the data packets. Furthermore, besides data packets, SM information and SMS can also be bundled in the same message, making the overall transport very efficient. 

3. Conclusion

It is proposed to agree the following conclusions based on the above discussion and observations:

1) For UE in connected mode:

Observation 1a: Generic NAS transport mechanism has already been specified in 24.501 for UEs in connected mode to transport different types of payloads between the UE and the AMF based on payload type.

Observation 1b: When initiating user data transfer for UEs in connected mode, PDU session ID needs to be passed to the AMF in addition to payload type and user data as payload to enable the AMF to determine the destination SMF.

Observation 1c: Existing NAS transport mechanism can be easily extended to support user data transfer for UEs in connected mode by adding new "CIoT user data container" payload container type.

Conclusion 1: Existing geneic NAS transport mechanism can be reused to support user data transfer for UEs in connected mode by adding a new "CIoT user data container" payload container type.

Observation 3a: SMS payload container type is already supported and related handling already specified.

Conclusion 3: No additional change is needed in case of SMS transfer for UEs in connected mode.
2) For UE in idle mode:

Observation 2a: NAS transport mechanism enables the payload container to be piggybacked in a 5GMM message.

Conclusion 2: Dedicated CONTROL PLANE SERVICE REQUEST message needs to be defined to support user data transfer for UE in idle mode while existing geneic NAS transport mechanism can be reused to support piggybacking user data for UEs in idle mode

Observation 4a: NAS transport mechanism enables the payload container containing "SMS" to be piggybacked in a 5GMM message to be sent to AMF in case of SMS transfer for UEs in idle mode.

Conclusion 4: SMS transfer for UEs in idle mode can be easily achieved by simply piggybacking the payload container containing "SMS" in the CONTROL PLANE SERVICE REQUEST message.

CR implementing conclusion 1 for UEs in connected mode is provided in C1-193171. 

CR implementing conclusion 2 and 4 for UEs in idle mode is provided in C1-193172.
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