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1. Introduction

SA2 have been studying solutions for small data transmissions [1].    Some of these solutions have impacts to RAN nodes and the interfaces. In this contribution, aspects related to S1-MME dimensioning for the control plane solutions (solutions captured in 5.1.1.3.1, 5.1.1.3.2, and 5.1.1.3.3. in [1]) are discussed. The impacts of those solutions on S1-MME are more or less identical to each other. 
2. Discussion
The current message sequence for RRC Connection setup is shown in Figure 1 below. 
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Figure 1: RRC Connection setup
The following messages are transmitted on the S1-MME interface. 

	Message
	Direction
	Size (bytes)

	INITIAL UE MESSAGE
	eNB to MME
	28

	INITIAL CONTEXT SETUP REQUEST
	MME to eNB
	286

	INITIAL CONTEXT SETUP RESPONSE
	eNB to MME
	11 

	UE CONTEXT RELEASE REQUEST
	eNB to MME
	9 

	UE CONTEXT RELEASE COMMAND
	MME to eNB
	14

	UE CONTEXT RELEASE COMPLETE
	eNB to MME
	8 

	Total
	eNB to MME
	56 bytes

	
	MME to eNB
	300 bytes


With the proposed modifications, an IP packet or SDT-PDU up to size of 1 kbyte can be piggy-backed in the initial NAS message. Figure 2 shows an example message flows for the solution captured in 5.1.1.3.1. 
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Figure 2: Message sequence for the case when the IP packet is piggybacked on the initial UE message
It can be seen from the above figure that the initial UE message will contain the IP packet/SDT-PDU. The size of the initial UE message hence in this case will be up to 1046 bytes. 
So, in the direction of eNB to the MME, this represents an increase of around 18 times in data volume. For MT data, the increase in volume could be up to 3.5 times in MME to eNB direction. It has also been proposed that these solutions are suitable for machine type traffic where the number of UEs to be supported by the system would need to be very high. Thus, this increased traffic volume on the S1-MME interface from a very high number of UEs will need to be supported by the system. Further, with the solution in 5.1.1.3.1, the IP packet needs to be forwarded on the S11 interface where again the increase in volume would be even higher compared to the current signaling volume on the S11 interface. 

Further, as pointed out in [3], the encryption and decryption of user plane data is performed in the MME instead of the eNB and this represents a major architectural change and requires shifting of processing effort towards the core network nodes in the control plane. 

3. Conclusion and Recommendations
Observation 1: Sending user plane data on the S1-MME interface would result in significant increase in data volume on these interfaces. 

Observation 2: encryption and decryption of large volumes of user plane data in MME would require higher processing effort at MME. 
Proposal 1: It is proposed to note these observations and to discuss whether the solutions involving transfer of user data in control plane fit with existing network architectures. Based on the discussions, RAN3 should report the conclusions to SA2 in an LS. 
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Annex A (Size estimate for various S1-MME messages)

 INITIAL UE Message
	IE/Group Name
	Presence
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	Size

	Message Type
	M
	9.2.1.1
	
	YES
	ignore
	1 byte

	eNB UE S1AP ID
	M
	9.2.3.4
	
	YES
	reject
	3 byte

	NAS-PDU
	M
	9.2.3.5
	
	YES
	reject
	6 bytes (service request – see above)

	TAI
	M
	9.2.3.16
	Indicating the Tracking Area from which the UE has sent the NAS message.
	YES
	reject
	3(PLMN)+2(TAC)

= 5 bytes

	E-UTRAN CGI
	M
	9.2.1.38
	Indicating the E-UTRAN CGI from which the UE has sent the NAS message.
	YES
	ignore
	3(PLMN)+4(Cell ID)

= 7 bytes

	RRC Establishment Cause
	M
	9.2.1.3a
	
	YES
	Ignore
	1byte

	S-TMSI
	O
	9.2.3.6
	
	YES
	reject
	5 bytes

	CSG Id
	O
	9.2.1.62
	
	YES
	reject
	

	GUMMEI
	O
	9.2.3.9
	
	YES
	reject
	

	Cell Access Mode
	O
	9.2.1.74
	
	YES
	reject
	

	GW Transport Layer Address
	O
	Transport Layer Address 9.2.2.1
	Indicating GW Transport Layer Address if the GW is collocated with eNB.
	YES
	ignore
	

	Relay Node Indicator
	O
	9.2.1.79
	Indicating a relay node.
	YES
	reject
	

	GUMMEI Type
	O
	ENUMERATED (native, mapped, …)
	
	YES
	ignore
	

	Tunnel Information for BBF
	O
	Tunnel Information 9.2.2.3
	Indicating HeNB’s Local IP Address assigned by the broadband access provider, UDP port Number.
	YES
	ignore
	

	
	
	
	
	
	
	Total: 28 bytes


INITIAL CONTEXT SETUP REQUEST

9.1.4.1
INITIAL CONTEXT SETUP REQUEST

This message is sent by the MME and is used to request the eNB to assign resources on Uu and S1 for one or several E-RABs.

Direction: MME ( eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	Size

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject
	1 byte

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject
	4 byte

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject
	3 byte

	UE Aggregate Maximum Bit Rate
	O
	
	9.2.1.20
	
	YES
	reject
	

	E-RAB to be Setup List
	
	1
	
	
	YES
	reject
	

	>E-RAB To Be Setup Item IEs
	
	1 ..  <maxnoof E-RABs>
	
	
	EACH
	reject
	

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	
	4 bits

	>>E-RAB Level QoS Parameters 
	M
	
	9.2.1.15
	Includes necessary QoS parameters.
	-
	
	4+8+4+1+1

Total = 3bytes

	>>Transport Layer Address 
	M
	
	9.2.2.1
	
	-
	
	32 byte IPV4

128 bytes IPV6

4 bytes

	>>GTP-TEID
	M
	
	9.2.2.2
	EPC TEID.
	-
	
	32 byte

	>>NAS-PDU
	M
	
	9.2.3.5
	
	-
	
	??

	>>Correlation ID
	O
	
	9.2.1.80
	
	YES
	ignore
	

	UE Security Capabilities
	M
	
	9.2.1.40
	
	YES
	reject
	4 bytes

	Security Key
	M
	
	9.2.1.41
	The KeNB is provided after the key-generation in the MME, see TS 33.401 [15].
	YES
	reject
	32 bytes

	Trace Activation
	O
	
	9.2.1.4
	
	YES
	ignore
	

	Handover Restriction List
	O
	
	9.2.1.22


	
	YES
	ignore
	

	UE Radio Capability
	O
	
	9.2.1.27
	
	YES
	ignore
	

	Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.1.39
	
	YES
	ignore
	

	CS Fallback Indicator
	O
	
	9.2.3.21
	
	YES
	reject
	

	SRVCC Operation Possible
	O
	
	9.2.1.58
	
	YES
	ignore
	

	CSG Membership Status
	O
	
	9.2.1.73
	
	YES
	ignore
	

	Registered LAI
	O
	
	9.2.3.1
	
	YES
	ignore
	

	GUMMEI
	O
	
	9.2.3.9
	This IE indicates the  MME serving the UE.
	YES
	ignore
	

	MME UE S1AP ID 2
	O
	
	9.2.3.3
	This IE indicates the MME UE S1AP ID assigned by the MME.
	YES
	ignore
	

	Management Based MDT Allowed
	O
	
	9.2.1.83
	
	YES
	ignore
	

	Management Based MDT PLMN List
	O
	
	MDT PLMN List

9.2.1.89
	
	YES
	ignore
	


UE capabilities

203 bytes – see [2]: (6 bands 6 combinations)
INITIAL CONTEXT SETUP RESPONSE
9.1.4.3
INITIAL CONTEXT SETUP RESPONSE

This message is sent by the eNB to confirm the setup of a UE context.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	size

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject
	1 byte

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore
	4 byte

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore
	3 byte

	E-RAB Setup List
	
	1
	
	
	YES
	ignore
	

	>E-RAB Setup Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore
	

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	
	4 bits

	>>Transport Layer Address
	M
	
	9.2.2.1
	
	-
	
	4+8+4+1+1

Total = 3bytes

	>>GTP-TEID
	M
	
	9.2.2.2
	
	-
	
	

	E-RAB Failed to Setup List
	O
	
	E-RAB List 
9.2.1.36
	A value for E-RAB ID shall only be present once in E-RAB Setup List IE + E-RAB Failed to Setup List IE.
	YES
	ignore
	

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore
	


UE context release request

9.1.4.5
UE CONTEXT RELEASE REQUEST

This message is sent by the eNB to request the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB ( MME
	IE/Group Name
	Presence
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	size

	Message Type
	M
	9.2.1.1
	
	YES
	ignore
	1 byte

	MME UE S1AP ID
	M
	9.2.3.3
	
	YES
	reject
	4 byte

	eNB UE S1AP ID
	M
	9.2.3.4
	
	YES
	reject
	3 byte

	Cause
	M
	9.2.1.3
	
	YES
	ignore
	1 byte

	GW Context Release Indication
	O
	9.2.1.84
	
	YES
	reject
	


	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	M
	
	
	3 bit

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(Unspecified,

TX2RELOCOverall Expiry, 

Successful Handover,

Release due to E-UTRAN Generated Reason, 
Handover Cancelled, Partial Handover, Handover Failure In Target EPC/eNB Or Target System,

Handover Target not allowed,

TS1RELOCoverall Expiry,

TS1RELOCprep Expiry,

Cell not available,

Unknown Target ID,

No Radio Resources Available in Target Cell, Unknown or already allocated MME UE S1AP ID,

Unknown or already allocated eNB UE S1AP ID,

Unknown or inconsistent pair of UE S1AP ID, Handover desirable for radio reasons,

Time critical handover,

Resource optimisation handover,

Reduce load in serving cell, User inactivity,

Radio Connection With UE Lost, Load Balancing TAU Required, CS Fallback Triggered,

UE Not Available For PS Service, Radio resources not available,

Failure in the Radio Interface Procedure, 

Invalid QoS combination, Inter-RAT redirection,

Interaction with other procedure, Unknown E-RAB ID, Multiple E-RAB ID instances, Encryption and/or integrity protection algorithms not supported, S1 intra system Handover triggered, S1 inter system Handover triggered, X2 Handover triggered
…,

Redirection towards 1xRTT,

Not supported QCI value,

invalid CSG Id)
	5 bit

	>Transport Layer
	
	
	
	

	>>Transport Layer Cause
	M
	
	ENUMERATED
(Transport Resource Unavailable,

Unspecified,
…)
	1 bit

	>NAS
	
	
	
	

	>>NAS Cause
	M
	
	ENUMERATED (Normal Release,

Authentication failure,

Detach,
Unspecified, 

…,

CSG Subscription Expiry)
	3 bit

	>Protocol
	
	
	
	

	>>Protocol Cause
	M
	
	ENUMERATED
(Transfer Syntax Error,
Abstract Syntax Error (Reject),
Abstract Syntax Error (Ignore and Notify),
Message not Compatible with Receiver State,

Semantic Error,

Abstract Syntax Error (Falsely Constructed Message), Unspecified, …)
	3 bit

	>Misc
	
	
	
	

	>>Miscellaneous Cause
	M
	
	ENUMERATED
(Control Processing Overload, Not enough User Plane Processing Resources,
Hardware Failure,
O&M Intervention,
Unspecified, Unknown PLMN, …)
	3 bit

	So, total is 1 byte look the max in red: 1 byte


UE CONTEXT RELEASE COMMAND
9.1.4.6
UE CONTEXT RELEASE COMMAND

This message is sent by the MME to request the release of the UE-associated S1-logical connection over the S1 interface.
Direction: MME ( eNB
	IE/Group Name
	Presence
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	size

	Message Type
	M
	9.2.1.1
	
	YES
	reject
	1 byte

	CHOICE UE S1AP IDs
	M
	
	
	YES
	reject
	1 bit

	>UE S1AP ID pair
	M
	9.2.3.18
	
	
	
	7 byte

	>MME UE S1AP ID
	M
	9.2.3.3
	
	
	
	4 byte

	Cause
	M
	9.2.1.3
	
	YES
	ignore
	1 byte

	
	
	
	
	
	
	Total = 14 bytes


UE CONTEXT RELEASE COMPLETE
9.1.4.7
UE CONTEXT RELEASE COMPLETE

This message is sent by the eNB to confirm the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB ( MME
	IE/Group Name
	Presence
	IE type and reference
	Criticality
	Assigned Criticality
	Size

	Message Type
	M
	9.2.1.1
	YES
	reject
	1 byte

	MME UE S1AP ID
	M
	9.2.3.3
	YES
	ignore
	4 byte

	eNB UE S1AP ID
	M
	9.2.3.4
	YES
	ignore
	3 byte

	Criticality Diagnostics
	O
	9.2.1.21
	YES
	ignore
	

	
	
	
	
	
	Total: 8 bytes
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