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Discussion 
1   Introduction
This contribution contains some simple analysis about the signalling gain of the SDDTE solutions for LTE, considering the radio interface, the S1 interface as well as the S11 interface.
2   Discussion
Several solutions have been suggested in [1] to reduce the signalling load on the different interfaces when transmitting small amounts of data. In particular the proposed solutions aim at optimizing the signalling required to transmit isolated small data packets starting from idle mode.
In the following the considered use case is the one of a single small UL packet followed by a single small response DL packet (then followed by a long idle period, e.g. several minutes). This is the scenario where the different solutions can show the maximum signalling reduction gain. In other words, the signalling gain of the different solutions can only be lower in case multiple packets are sent during the same connection.
Among all the solutions described in [1], the ones considered in this paper are only the ones with RAN impact and listed in [2]. Also the same naming and numbering as in [2] are assumed.
The analysis considers the impact on RRC signalling, S1-AP signalling as well as GTP-C signalling (while the Modify Bearer Request procedure between SGW and PGW is not taken into account). The signalling gain, expressed in percentage, is relative to the signalling required to move from Idle to Connected (and then back to Idle) to transmit one IP packet pair (UL + DL) using the baseline Rel-11 procedures. The signalling flow for the legacy procedure is depicted in Figure 2.1.
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Figure 2-1: Current LTE message sequence for the transfer of one IP packet pair

2.1
Optimized RRC connection management
2.1.1
Solution 1a. Signalling reduction by RRC message combining 
NOTE:
This solution is described in TR 23.887 v0.9.0, section 5.1.1.3.7 "Service Request signalling reduction by RRC message combining".

This solution reduces the number of RRC messages by combining the information exchanged between the UE and the network into fewer RRC messages. 
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Fig 2.1.1-1. Service Request via RRC message combining

	RRC signalling gain (%)
	UL: 50%
	Security Mode Complete + RRC Connection Reconfiguration Complete

	
	DL: 50%
	Security Mode Command + RRC Connection Reconfiguration

	S1 signaling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	GTP-C signalling gain (%)
	UL: 0%
	

	
	DL: 0%
	


2.1.2
Solution 1b. Lean Service Request Procedure 

NOTE:
This solution is described in TR23.887v0.9.0, section 5.1.1.3.9 "Lean Service Request Procedure".

This solution suggests re-using AS security contexts and activating AS security together with RRC reconfiguration so that RAB setup requires less signalling.
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Fig 2.1.2-1. Lean Service Request Procedure

	RRC signalling gain (%)
	UL: 25%
	Security Mode Complete

	
	DL: 25%
	Security Mode Command 

	S1 signaling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	GTP-C signalling gain (%)
	UL: 0%
	

	
	DL: 0%
	


2.2
Control Plane solutions
2.2.1
Solution 2a. RRC connection without U-plane radio bearer establishment
NOTE:
This solution covers the RAN aspects of the solutions described in TR 23.887 v0.9.0, section 5.1.1.3.1 "Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security" and section 5.1.1.3.2 "Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN", which from RAN point of view are very similar. 

This solution aims at optimizing the procedure for transferring a single higher layer message (e.g. a single IP data packet or a SMS) (and possibly its response) starting from RRC idle. The solution consists of piggybacking the IP data packet / SMS (and the response) in control messages, without establishing U-plane radio bearers.
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Fig 2.2.1-1. Data transfer over NAS signalling
	RRC signalling gain (%)
	UL: 50%
	Security Mode Complete + RRC Connection Reconfiguration Complete

	
	DL: 50%
	Security Mode Command + RRC Connection Reconfiguration

	S1 signaling gain (%)
	UL: 75%
	Initial Context Setup Response + UE Context Release Request + UE Context Release Complete 

	
	DL: 50%
	UE Context Release Command

(Initial Context Setup Request -> replaced by Downlink NAS Transport)

	GTP-C signalling gain (%)
	UL: 0%
	(Modify Bearer Request -> replaced by UL data packet message)

	
	DL: 0%
	(Modify Bearer Response -> replaced by Downlink Data Notification (including DL data packet))


2.2.2
Solution 2b. Downlink small data transfer using RRC message
NOTE:
This solution is described in TR 23.887 v0.9.0, section 5.1.1.3.5 "Downlink small data transfer using RRC message".

Similar to Solution 2a, this proposal suggests a control plane solution for the transfer of single higher layer messages (e.g. a single IP data packet or a SMS), but focuses on the MT case (from the MME to the UE): the DL packet and possible acknowledgment UL packet are conveyed in RRC Connection Setup and RRC Connection Setup Complete messages respectively.
Since this solution covers only the MT scenario, only in this case the assumption is that the first packet is a DL small data packet followed by an UL small data response packet.
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Fig 2.2.2-1. Optimized DL Data transfer over NAS signalling
	RRC signalling gain (%)
	UL: 50%
	Security Mode Complete + RRC Connection Reconfiguration Complete

	
	DL: 40%
	Security Mode Command + RRC Connection Reconfiguration

	S1 signaling gain (%)
	UL: 75%
	Initial UE message + Initial Context Setup Response + UE Context Release Request + UE Context Release Complete (but one UL message is needed for the UL data packet)

	
	DL: 67%
	Initial Context Setup Request + UE Context Release Command

	GTP-C signalling gain (%)
	UL: 0%
	(Modify Bearer Request -> replaced by UL data packet message)

	
	DL: 0%
	(Modify Bearer Response -> replaced by DL data packet message)


2.3
Connectionless approaches

To reduce the amount of signalling caused by idle-connected mode transitions, solutions can be defined where small amounts of data can be transferred while the UE has no NAS signalling connection. Two alternatives are described in TR 23.887. Both alternatives are based on the principle of providing information to the UE about the bearer end-point(s) of the PDN Connection(s) in the SGW. One of the differences is the handling of security. For "Small Data Fast Path" (TR 23.887 v0.9.0 section 5.1.1.3.6.2) security is performed between UE and SGW. For "Connectionless Data Transmission" (TR 23.887 v0.9.0 section 5.1.1.3.6.3) the security model is not changed as the eNB performs the encryption function. 
2.3.1
Solution 3a. Small data packet transfer via DRB

NOTE:
This section refers to the RAN solution where small data packets are transferred via DRB, see description in TR23.887v0.9.0, section 5.1.1.3.6.3 "Connectionless Data Transmission". 
This solution is characterized by the fact that, at the first visit of a cell in an eNB (or when the security context for a cell of an eNB is not known/valid), the UE executes a full Service Request procedure as outlined in Figure 2.3.1-1, where at steps 6 and 7 the UE and eNB exchange also a token value provided by the eNB to be used as a future reference to the UE context in the eNB, and possibly the eNB provides the UE also with a timer value, used to age the token and the context. The token is unique per cell. This procedure is used for the initial data transmission in this eNB, and in this case there would be not signalling gain. 


[image: image6.emf]UEs eNodeB MME S-GW P-GW

4. Initial UE Message 

(Service Request)

5. Initial Context Setup Request

(S-GW addr., S1-TEID(s) (UL), 

Security Contex)

1. RRCConnectionRequest

8. RRCConnectionReconfig

(DRB(s) config.)

DRB

Small Data Packet+DL TEID

9. RRC Connection Reconfig

Complete

6. SecurityModeCommand

(SecurityAlgorithmConfig)+TOKEN

7. SecurityModeComplete

2. RRCConnectionSetup

(SRB1 config.)

3. RRCConnectionSetupComplete 

(ServiceRequest*)

Small Data Packet+connection ID

Small Data Packet

S1 Tunnel

Small Data Packet Small Data Packet

Small Data Packet

ModifyBearerReq/Rsp

10. Initial Context Setup Response


Figure 2.3.1-1. Service Request Procedure with Token exchange and security context caching
But subsequent data transmissions in the same cell can then use the connectionless procedure.
At a subsequent visit to the cell of the eNB, the UE does not need to execute the full SR procedure as long as it passes a valid token to the eNB, (which is the one associated to the cell ID the UE reads), as depicted in Figure 2.3.1-2, thus eliminating a number of messages.
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Figure 2.3.1-2. Service Request Procedure with Token passing
	RRC signalling gain (%)
	UL: 25%
	Security Mode Complete 

	
	DL: 25%
	Security Mode Command 

	S1 signaling gain (%)
	UL: 100%
	Initial UE message + Initial Context Setup Response + UE Context Release Request + UE Context Release Complete 

	
	DL: 100%
	Initial Context Setup Request + UE Context Release Command

	GTP-C signalling gain (%)
	UL: 100%
	Modify Bearer Request 

	
	DL: 100%
	Modify Bearer Response 


2.4
S1/Iu-only optimizations 
2.4.1
Solution 4a: Stateless Gateway for cost efficient transmission of infrequent or frequent small data

NOTE:
This solution covers aspects with RAN impacts of the solutions described in TR 23.887 v0.9.0, section 5.1.1.3.4 "Stateless Gateway for cost efficient transmission of infrequent or frequent small data".

This solution aims at reducing the signaling between core network nodes, via a stateless gateway.
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Fig5. 2.4.1-1. Service request via stateless gateway
	RRC signalling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	S1 signaling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	GTP-C signalling gain (%)
	UL: 100%
	Modify Bearer Request 

	
	DL: 100%
	Modify Bearer Response


2.4.2
Solution 4b: Optimized Service Request procedure for UEs with a single bearer

NOTE:
This solution covers aspects with RAN impacts of the solutions described in TR23.887v0.9.0, section 5.1.1.3.8 "Optimized Service Request procedure for UEs with a single bearer". 
The proposed solution applies for devices that only have a single PDN connection (e.g., to internet) and a single bearer. For these UEs, this solution reduces network signalling under certain conditions by not invoking the Modify Bearer Request (MBR) or Modify Access Bearers Request (MABR) over the S11 interface. 
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Fig 2.4.2-1. Optimized Service Request procedure for UEs with a single bearer

	RRC signalling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	S1 signaling gain (%)
	UL: 0%
	

	
	DL: 0%
	

	GTP-C signalling gain (%)
	UL: 100%
	Modify Bearer Request 

	
	DL: 100%
	Modify Bearer Response


3   Conclusions

The following table summarizes the signalling gain of the SDDTE solutions for LTE, considering the radio interface, the S1 interface as well as the S11 interface. 

	
	Optimized RRC connection management
	Control Plane solutions
	Connection-less approaches
	S1/Iu-only optimizations

	
	Solution 1a
	Solution 1b
	Solution 2a
	Solution 2b
	Solution 3a
	Solution 4a
	Solution 4b

	RRC signalling gain (%)
	UL
	50%
	25%
	50%
	50%
	25%
	0%
	0%

	
	DL
	50%
	25%
	50%
	40%
	25%
	0%
	0%

	S1 signaling (%)
	UL
	0%
	0%
	75%
	75%
	100%
	0%
	0%

	
	DL
	0%
	0%
	50%
	67%
	100%
	0%
	0%

	GTP-C signalling (%)
	UL
	0%
	0%
	0%
	0%
	100%
	100%
	100%

	
	DL
	0%
	0%
	0%
	0%
	100%
	100%
	100%


Proposal 1: It is suggested to include this table in the next version of TR37.869.
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