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1. Introduction 

The topic of small data over NAS was discussed in meeting C1#116 for which there were eventually two proposals in C1-192768 and C1-192799 for which there were commonalities and differences as described below.
The common aspects between C1-192768 and C1-192799 include:

· The UE uses a CONTROL PLANE SERVICE REQUEST (CPSR) message to send data/SMS from 5GMM-IDLE mode

· Initial NAS message protection applies to the CPSR message such that there are no repeated headers

· The 5G-S-TMSI is not included in the CPSR message (the AMF gets it from the RAN)

· For small data over NAS, the data is not further encapsulated in a 5GSM message

The main difference between C1-192768 and C1-192799 is as follows:

· In C1-192768: a new Data over NAS IE is defined where this IE includes all the necessary information that is required in a compact and efficient manner i.e. unnecessary header information is reduced as much as possible

· In C1-192799: the CPSR message contains individual IEs that are re-used, hence these IEs would have the IEI, length, and value fields. Each IE that is included in the CPSR would have some overhead due to the IEI and length fields which are not necessary for the transmission of small data
This document aims to further discuss the difference that is listed above and proposes a way forward for small data over NAS.
2. Discussion 

2.1 Comparison of the proposals 

As the name implies, “infrequent small data over NAS” is meant to infrequently transmit small data over the control plane. It is possible that a UE may have a larger than usual data volume to send, for which the UE can use the user plane, however as a starting point the NAS signalling should be designed such that use cases with infrequent small data are transmitted in a manner that is very efficient.

Power efficiency has always been an important factor in CIoT for which few power saving solutions have been adopted. Moreover, power savings cannot be decoupled from NAS message efficiency e.g. for NB-IoT devices in low coverage areas, lower layer re-transmissions are expected to be high, therefore each additional octet will directly lead to increased power consumption in the UE.

The following table compares the NAS message size for each of the proposal identified above.

	Type of IEs
	Length in octets 

(C1-192768)
	Length in octets 

(C1-192799)

	Mandatory IEs
	4
(see mandatory header in CPSR)
	4

(see mandatory header in CPSR)

	Optional IEs
	Data over NAS IE: 3

(IEI is 1, and length field is 2)
	NAS message container IE: 3
(IEI is 1, and length field is 2)

	
	“Octet 4 of Data over NAS IE”: 1
	Payload container type IE: 1

	
	
	Payload container IE: 3
(IEI is 1, and length field is 2)

	
	PDU session identity: 1
	PDU session identity IE: 2

	
	PDU session status: 2


	PDU session status IE: 4

	
	
	Release assistance indication IE: 1

	
	
	

	Total # of octets
	11
	18


Based on the table above, the proposal in C1-192768 saves 7 octets as compared to that in C1-192799.
To further appreciate the relevance of efficiency with regards to NAS message size, consider early data transmission (EDT) which the UE can use to send small data in the RRCEarlyDataRequest message, and the UE then goes to idle mode after receiving the RRCEarlyDataComplete message. Small data that is sent using EDT provides a good framework for assessing the advantage of reduced overhead since it involves reduced signalling which in turn helps in power savings.

Based on the existing EDT message i.e. RRCEarlyDataRequest, the contents of the RRC message for 5G CIoT are expected to be as follows (see R2-1904689):

· 5G-S-TMSI: 6 octets

· Establishment cause: 0.25 octets (2 bits in the case of NB-IoT, that are enumerated)
· NAS PDU: length depends on the NAS message size

The size of the RRCEarlyDataRequest message excluding the NAS PDU is 6.125 octets (referred to as “RRC message header”). The size of the NAS PDU becomes relevant when verifying the efficiency of the transmission i.e. the transmission of the RRCEarlyDataRequest message including the NAS PDU.

Assume a UE that sends small data of 4 octets. The RRC message header is 6.25 octets and that cannot be reduced further. Now, the size of the NAS message determines whether the transmission is efficient or not since with 4 octets of actual data, a larger NAS message size (stemming from NAS message header) means more overhead and less efficiency. The table below shows the percentage of message overhead based on the two identified proposals for a small data of 4 octets.
	Contents of the NAS message
	% overhead
(C1-192768)
	% overhead
 (C1-192799)

	All IEs included
	1 – [4 / (11 + 6.25)]
= 76.81%
	1 – [4 / (18 + 6.25)]

= 83.50%

	All IEs except the PDU session status
	1 – [4 / (9 + 6.25)]

= 73.77%
	1 – [4 / (16 + 6.25)]

= 82.02%


· When all IEs are included, the proposal in C1-192768 saves 83.41 – 76.64 = 6.69% overhead.
· When the PDU session status IE is not sent, the proposal in C1-192768 saves 81.92 – 73.55 = 8.25% overhead.

The above shows that the improvements with C1-192768 are not negligible and will help with power savings. Particularly for cases of deep coverage enhancement, a 6.69% to 8.25% transmission overhead reduction can translate into substantial power savings. Moreover, it has been argued that the UE will not always send the PDU session status, however, the above shows that the efficiency is even better with C1-192768 (i.e. overhead reduced by 8.25%) when the PDU session status is not sent.

Due to efficiency and impacts on power savings, it is proposed to adopt the proposal in C1-192768 for data over the control plane. The following section discusses the encoding of the Data over NAS IE and addresses some points that have been raised about it.
2.2 Revisiting the Data over NAS IE 

The encoding of the Data over NAS IE in C1-192768 is as follows when sending data over NAS:

	8
	7
	6
	5
	4
	3
	2
	1
	

	Data over NAS IEI
	octet 1

	Length of Data over NAS contents
	octet 2

octet 3

	0

Spare
	0

Spare
	DDX
	PSSSI
	Data type
	octet 4

	PSI

(7)
	PSI

(6)
	PSI

(5)
	PSI

(4)
	PSI

(3)
	PSI

(2)
	PSI

(1)
	PSI

(0)
	octet 5*

	PSI

(15)
	PSI

(14)
	PSI

(13)
	PSI

(12)
	PSI

(11)
	PSI

(10)
	PSI

(9)
	PSI

(8)
	octet 6*

	PDU session identity
	octet 7

	Data over NAS contents
	octet 8

octet n


Data over NAS information element for Data type "5GSM data"
The following addresses some points that were raised regarding the use of the Data over NAS IE.

1) Complexity

It has been mentioned that the new Data over NAS IE is “complex” without actual comments about what the “complexity” really means. Some further comments were that the AMF will have to decode some fields of the IE e.g. the DDX field, for which the value of “0 0” does not indicate anything regarding release assistance information, etc. The following should be noted:

· The 5G CIoT work is a new feature in Release 16
· There are numerous impacts to the system overall due to the multiple sub-features of 5G CIoT. In particular, data over NAS requires modifications in the RAN, the AMF, the SMF, the UPF and also NEF for NIDD, and in all relevant reference points N1 (NAS), N2, N11, N4 and N29. Hence one new information element is not, and cannot be considered, the bottleneck of the work 

· The NAS message used for data transmission from 5GMM-IDLE mode is a new 5GMM NAS message i.e. the CONTROL PLANE SERVICE REQUEST message. Hence, it cannot be assumed or expected that existing IEs shall be used for this new message

· The Data over NAS IE is indeed a new IE that is encoded according to its purpose. Once its definition or encoding is provided, it is obvious and expected that the recipient of the IE needs to encode its components. E.g. the AMF having to decode components of the IE is not a drawback of the IE but rather it is a necessity for the protocol to work like it is the case for all IEs. Therefore, such aspects are related to implementation and should be out of scope given the encoding of the IE is well defined.
· It is important to also note that, in terms of format and availability of different components in the IE, there are several IEs in our specifications with similar formats e.g. Bearer capability IE (section 10.5.4.5 of 24.008), QoS rules IE (section 9.11.4.13 of 24.501), and 5GS mobile identity IE (section 9.11.3.4 of 24.501)

· Some of these IEs take different forms based on specific values of specific fields (e.g. the type of identity for the 5GS mobile identity IE). If such IEs are already used in our specifications, then it is clear that “complexity” of the Data over NAS IE is not an issue

To summarize, a new IE must be processed according to its encoding. The Data over NAS IE is simply a new IE that makes the signalling for 5G CIoT more efficient as has been described earlier.
2) Extendibility

The Data over NAS IE can indeed be extended by using spare bits. Alternatively, as it is the case for existing IEs, the Data type field can have new values for which a different encoding will be defined (like the 5GS mobile identity IE).
Other ways to use extensions:

· A new IE can always be defined if needed (like it is done currently when the need arises)

· It is important to remember that the CPSR message and specifically the ESM DATA TRANSPORT message in EPS have not been extended since Rel-13. Therefore, the likelihood of such extension for 5G CIoT is very low. 
· Finally, such a low likelihood should not prohibit the adoption of an efficient signalling method for 5G CIoT in Rel-16

Therefore, the Data over NAS IE can be extended if the need arises in the future. The current encoding leaves a spare bit which can be used for extensions.
3) Optional fields are usually at the end of the IE
The optional fields can be moved to the end of the IE as follows:
	8
	7
	6
	5
	4
	3
	2
	1
	

	Data over NAS IEI
	octet 1

	Length of Data over NAS contents
	octet 2

octet 3

	0

Spare
	0

Spare
	DDX
	PSSSI
	Data type
	octet 4

	PDU session identity
	octet 5

	Data over NAS contents
	octet 6

	
	

	
	octet m

	PSI-sync
(7)
	PSI-sync
(6)
	PSI-sync
(5)
	PSI-sync
(4)
	PSI-sync
(3)
	PSI-sync
(2)
	PSI-sync
(1)
	PSI-sync
(0)
	octet m+1*

	PSI-sync
(15)
	PSI-sync
(14)
	PSI-sync
(13)
	PSI-sync
(12)
	PSI-sync
(11)
	PSI-sync
(10)
	PSI-sync
(9)
	PSI-sync
(8)
	octet m+2*


Data over NAS information element for Data type "5GSM data"
2.3 Switching from data over control plane to transmission over user plane 

In the last SA2 meeting, document S2-1904019 was agreed in which the network can establish the user-plane resources for N3 data transfer for a PDU session that has been established for control plane CIoT 5GS optimization. In EPS, the Control plane service type IE has an “active flag” bit that indicates the need to re-establish the user-plane resources, which then leads to the establishment of the user-plane resources for all the UE’s active PDN connections. 
However, in 5GS, selective user-plane resource establishment is supported via User data status IE and this principle should be kept for 5G CIoT. In other words, the UE should use the User data status IE (or an equivalent indication) to request the establishment of user-plane resources for specific PDU sessions. With this, the “active flag” in the Control plane service type IE is not needed i.e. even if it is set, the UE still has to use the User data status IE (or an equivalent indication). Therefore, the “active flag” bit is not needed and should always be set to zero for 5G CIoT.
There can be different scenarios for which the UE can request a switch from control plane to user plane transmission as follows:
- Scenario 1: the UE sends a CPSR message to request the establishment of user-plane resources for one or more PDU sessions (i.e. the CPSR message does not contain data), or
- Scenario 2: the UE is sending data over the control plane associated with PDU session X and the UE requests the establishment of user-plane resources for other PDU sessions (excluding PDU session X), or

Scenario 1: the UE sends a CPSR message to request the establishment of user-plane resources for one or more PDU sessions (i.e. the CPSR message does not contain data), or

To switch from control plane to user plane transmission, the UE should send the CPSR message with the Data over NAS IE for which the Data type field should be set to “N3 data”. The Data over NAS IE should not contain any PDU session ID and associated data, or SMS in this case.

The encoding of the Data over NAS IE when the Data type field indicates “N3 data transfer” is shown below. 
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	5
	4
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	Data over NAS IEI
	octet 1

	Length of Data over NAS contents
	octet 2

octet 3

	0

Spare
	0

Spare
	0

Spare
	0

Spare
	PSSSI
	Data type
	octet 4

	PSI- data
(7)
	PSI- data
(6)
	PSI- data
(5)
	PSI- data
(4)
	PSI- data
(3)
	PSI- data
(2)
	PSI- data
(1)
	PSI- data
(0)
	octet 5

	PSI- data
(15)
	PSI- data
(14)
	PSI- data
(13)
	PSI- data
(12)
	PSI- data
(11)
	PSI- data
(10)
	PSI- data
(9)
	PSI- data
(8)
	octet 6

	PSI-sync
(7)
	PSI-sync
(6)
	PSI-sync
(5)
	PSI-sync
(4)
	PSI-sync
(3)
	PSI-sync
(2)
	PSI-sync
(1)
	PSI-sync
(0)
	octet 7*

	PSI-sync
(15)
	PSI-sync
(14)
	PSI-sync
(13)
	PSI-sync
(12)
	PSI-sync
(11)
	PSI-sync
(10)
	PSI-sync
(9)
	PSI-sync
(8)
	octet 8*


Data over NAS information element for Data type "N3 data"
When the Data type field indicates “N3 data”, the UE indicates the PDU sessions (PSI-data) for which user-plane resources are required to be setup (i.e. in octets 5 and 6) which represent the value part of the Uplink data status IE (i.e. octets 3 and 4 of the Uplink data status IE as defined in 9.11.3.57).
The PSSSI bit is used as has been described in C1-192768. Hence, octets 7 and 8 are optional and shall be included if the PSSSI bit is set to 1.

Thus, the main change since the proposal in C1-192768 is:
· Definition of additional value for the Data type field, namely “N3 data” to switch from control plane to user-plane transmission

· The UE sets Data over NAS IE as described above.
Scenario 2: the UE sends data in the CPSR message for PDU session X, and requests the establishment of user-plane resources for other PDU sessions (excluding PDU session X)

In this scenario, the UE sets the Data type field should be set to “5GSM data”. A User-plane Resources Requested (UPRR) bit can be used to request the establishment of user-plane resources for which the UE then indicates the PDU identities for which user-plane is requested i.e. PSI-sync as explained above for the case when the Data type field indicates “N3 data”. The encoding of the Data over NAS IE is shown below.

	8
	7
	6
	5
	4
	3
	2
	1
	

	Data over NAS IEI
	octet 1

	Length of Data over NAS contents
	octet 2

octet 3

	0

Spare
	DDX
	PSSSI
	UPRR
	Data type
	octet 4

	PDU session identity
	octet 5

	Data over NAS contents
	octet 6

	
	

	
	octet m

	PSI- data
(7)
	PSI- data
(6)
	PSI- data
(5)
	PSI- data
(4)
	PSI- data
(3)
	PSI- data
(2)
	PSI- data
(1)
	PSI- data
(0)
	octet m+1*

	PSI- data
(15)
	PSI- data
(14)
	PSI- data
(13)
	PSI- data
(12)
	PSI- data
(11)
	PSI- data
(10)
	PSI- data
(9)
	PSI- data
(8)
	octet m+2*

	PSI-sync
(7)
	PSI-sync
(6)
	PSI-sync
(5)
	PSI-sync
(4)
	PSI-sync
(3)
	PSI-sync
(2)
	PSI-sync
(1)
	PSI-sync
(0)
	octet m+3*

	PSI-sync
(15)
	PSI-sync
(14)
	PSI-sync
(13)
	PSI-sync
(12)
	PSI-sync
(11)
	PSI-sync
(10)
	PSI-sync
(9)
	PSI-sync
(8)
	octet m+4*


Data over NAS information element for Data type "5GSM data"
 When the Data type field indicates “5GSM data”,
· If the UPRR bit is set, the UE shall include octet m and octet m+1 indicating the PDU sessions for which the UE is requesting the establishment of user-plane resources

· If the PSSSI bit is set, the UE shall include octet m+3 and octet m+4 indicating the PDU sessions for which the UE is performing PDU session synchronization

Thus, the main change since the proposal in C1-192768 is:

· Definition of the UPRR bit when the Data type field indicates “5GSM data” to all the UE to request the establishment of user-plane resources for which the UE then includes the PSI-data bits (octet m+1 and octet m+2)

· The UE sets Data over NAS IE as described above.

Note that bit 8 of octet 4 can be used to extend the IE if needed.
3. Conclusion

For infrequent small data transmission over NAS, the signalling should be designed to be as efficient as possible. This aids in lower power consumption especially for CIoT devices in low coverage areas for which the lower layers perform repeated transmissions that are impacted (i.e. increased) by every additional octet.

This document has discussed the differences between the previous proposals in C1-192768 and C1-192799 regarding the contents of the CPSR message and has shown that the use of the Data over NAS IE is more efficient than using individual IEs in the NAS message container IE (as per C1-192799). The latter leads to sending unnecessary header information thereby reducing power savings.
This document has also discussed how to switch from control plane to user-plane transmission for which the selective user-plane principle that is defined in Rel-15 should be maintained. Hence, the “active flag” bit in the Control plane service type IE is not needed. The UE should instead indicate the PDU sessions for which user-plane resources are required to be setup.
It is proposed to adopt the solution in C1-19abcd 
that uses the Data over NAS IE as a way forward for data over the control plane.
�TBD





