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SA2 is studying S1 based architecture enhancements for CIoT (in TR 23.720 [1]), to support efficient small data transmission. 
In this contribution we briefly analyze the impact of the proposed enhancements on the radio signalling, showing that significant benefits would be achieved for all the different solutions so that, also in terms of radio efficiency (and, as a consequence, in terms of UE energy consumption), an (optimized) S1 based architecture would meet the requirements for CIoT.
Discussion
SA2 has started the analysis for different architectural options for CIoT and has already provided some feedback in a LS to RAN and SA [2]. In the LS, SA2 indicates that an optimized CN architecture is feasible for CIoT deployments and that, for efficient support of infrequent small data transmission, two groups of solutions are possible:
· Solutions with no data radio bearer/S1-U establishment. Common characteristics of these solutions are that data is transmitted over control plane (i.e. NAS/S1) with no need for security association at access stratum level.  
· Solutions with data radio bearer/S1-U establishment. Common characteristics of these solutions are that data is transmitted over user plane and the UE context is kept in eNB (and AS security info / DRB configuration in the UE) when the UE is back to idle. This optimizes the signaling during Idle to Connected transitions (as RRC Security Mode Command / Complete messages and RRC Connection Reconfiguration / Complete messages could be skipped).
The two groups of solutions have different technical merits:
· Solutions transmitting data over control plane are specifically customized (and provide maximum benefits) for the scenarios where there is a single packet in one direction, followed by an acknowledgement/ confirmation packet in the other direction. On the other hand, for instance, header compression is not supported.
· Solutions transmitting data over user plane bearers provide benefits also for other traffic types (i.e. when more than one packet is transmitted in the same direction in a given session). Such solutions would also be applicable to other scenarios / applications than CIoT (e.g. they could be applicable for smart-phones in normal LTE networks)

But both solutions would yield similar signaling on the radio interface, at least for the case where there is a single packet in one direction followed by an acknowledgement/ confirmation packet in the other direction.
The following tables show the overhead on the radio interface (in terms of number of messages and signaling bytes) to transmit one IP packet pair (UL + DL) using:
· the baseline LTE Rel-12 procedure (Table 2-1), 
· solutions transmitting data over control plane (Table 2-2) and
· solutions transmitting data over user plane bearers (Table 2-3). 
The numbers are derived from TR 37.869 [3], where a similar analysis was already performed, and provide a general indication, as some messages (or their content) may vary according to the specific solutions described in [1]. Also note that the enhancements being investigated by SA2 could be applicable (and the same evaluation would apply) also for MTC features (e.g. eMTC) provided over normal LTE.

Table 2-1: Radio messages and signaling bytes estimate for the baseline solution 
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (NAS Service Request) + BSR
	 
	22

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration) + RLC Status Report
	61
	 

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet  + RLC Status Report
	 
	3

	DL
	Data Packet  + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	136
	59



Table 2-2: Radio messages and signaling bytes estimate for the data over CP solutions
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request (Small Data ID)
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (KSI, EPS Bearer ID, Data Packet)
	 
	19

	DL
	RRC Connection Release (Data Packet) + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	58
	29



Table 2-3: Radio messages and signaling bytes estimate for the data over UP solutions
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request  (Small Data ID)
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (Connection ID) + BSR
	 
	20

	UL
	Data Packet + RLC Status Report (*)
	 
	3

	DL
	Data Packet + RLC Status Report (*)
	3
	 

	DL
	RRC Connection Release + RLC Status Report (*)
	13
	 

	UL
	RLC Status Report (*)
	 
	3

	 
	Total signaling (Bytes)
	61
	33



 (*) Assuming RLC AM is used for CIoT (which is questionable)

The tables show that by adopting the solutions being investigated by SA2, considerable gains can be achieved for the support of infrequent small data transmission: both the number of radio messages and the signalling bytes would be significantly reduced with respect to the baseline LTE Rel-12 procedure. Actually the number of radio messages to transmit one IP packet pair would be basically the same as in a Gb based architecture. Detailed evaluations showing the expected UE battery lifetime when adopting an optimized S1 based architecture are contained in [4].
Conclusions
An S1-based architecture can efficiently support infrequent small data transmission and then fulfil the radio efficiency CIoT requirements by simply adopting the enhancements for CIoT being investigated by SA2. No other major re-design of the LTE L2/L3 protocols (e.g. a redefinition of the existing RLC and/or MAC protocols) is considered as needed. It is suggested that for any S1-based CIoT architecture, LTE L2/L3 protocols are reused as much as possible (as further explained in [5]).
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Annex
Byte estimate for involved messages and IEs
This section contains a byte estimate for the messages and IEs exchanged on the radio interface for an Idle->Connected->Idle transition for the different alternatives (with or without the proposed S1 enhancements). The numbers are derived from TR 37.869 [3]. 
Table 5.1: Byte estimate for the involved messages and IEs 
	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)

	DL
	Random Access Response
	7
	

	UL
	RRC Connection Request
	
	7

	DL
	RRC Connection Setup
	38
	

	UL
	RRC Connection Setup Complete
	
	16

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration)
	58
	

	DL
	RRC Connection Reconfiguration (DRB configuration)
	50
	

	UL
	RRC Connection Reconfiguration Complete
	
	10

	DL
	RRC Connection Release 
	10
	

	UL
	RRC Connection Reestablishment Request
	
	7

	DL
	RRC Connection Reestablishment
	38
	

	UL
	RRC Connection Reestablishment Complete
	
	10

	UL
	BSR 
	
	2

	DL
	RLC Status Report 
	3
	

	UL
	RLC Status Report 
	
	3

	UL
	NAS Service Request
	
	4

	DL
	Security Mode Command 
	11
	

	UL
	Security Mode Complete
	
	10

	DL
	DL Information Transfer
	11
	

	UL
	UL Information Transfer
	
	11

	DL
	DRB Configuration
	12
	

	UL
	KSI + EPS Bearer ID (for data over CP enhancements) (*)
	
	2

	UL
	“Connection ID” (for UP based enhancements) (*)
	
	2



(*) Initial estimate.
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