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1 Introduction

A Study Item on RAN aspects of Machine-Type and other Mobile Data Applications Communications Enhancements [1] has been approved by the RAN#59 plenary meeting in Vienna. This SI investigates and evaluates the RAN-impacting solutions that have been proposed by SA2 to address the objectives outlined in the SDDTE (Small Data and Device Triggering Enhancements) and UEPCOP Building Blocks. One of the objectives of this SI is:

· Signalling Overhead Reduction:

· Improved RRC connection management (establishment, reestablishment, release) as well as potential mechanisms to support short-lived connections or connectionless approaches 

· Improved handling of small data during connected mode

· Associated radio and network (S1AP/RANAP) control plane signalling optimisations for the above procedures

In this contribution, we would like to discuss SA2 SDDTE solutions on their signalling overhead reduction aspect. 
2 Discussion
2.1 SA2’s RAN-impacting SDDTE solutions
There are 7 solutions which have impacts to RAN in SA2’s TR 23.887 [2] for SDDTE as following: 
Solution 1:
Ch. 5.1.1.3.1, “Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security”;

Solution 2:
Ch. 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”;

Solution 3:
Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”;

Solution 4:
Ch. 5.1.1.3.5, “T5 based downlink small data transfer using RRC message”;

Solution 5:
Ch. 5.1.1.3.6, “Small Data Fast Path” and “Connectionless Data Transmission”;

Solution 6:
Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”;

Solution 7:
Ch. 5.1.2.3.1, “ Keep the UE in connected mode”;
The first 6 solutions can be considered to address small data transmission starting from RRC_IDLE mode, and the last solution's intention is to keep UE in connected mode for frequent small data transmission. 
2.2 Comparison of RAN-impacting solutions addressed by SA2
In the following subsections, we will analyze the abovementioned solutions with respect to overhead, applicability, complexity. 

2.1.1 Signalling overhead
Below we compare these solutions with the existing LTE mechanisms/procudures of current specification in Table 1 on RRC and NAS signalling overhead, assuming that only one UDP/IP packet and its response packet are transferred.
Table 1
	SDDTE solutions
	RRC signalling overhead
	L1/L2 signalling overhead
	NAS signalling overhead

	existing LTE mechanism/procedures 
	10 messages (RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, Security Mode Command, Security Mode Complete, RRC Connection Reconfiguration, RRC Connection Reconfiguration Complete, Small data, Small data response, RRC Connection Release)
+ 2 (for optional early UE measurement configuration)

+ (multiple) measurement reports (dependent on radio conditions and mobility)

+ 2n (for any extra RRC reconfiguration during the inactivity before release)
	RA preamble, RAR
	1 message (Service Request) 

	Solution 1
	4 messages:

RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, RRC Connection Release

Compared to the current LTE design, 4 RRC messages (for AS security and DRB setup etc.) are saved in Solution 1.
	RA preamble, RAR
	No

1 NAS message is saved.

	Solution 2
	4 messages:

RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, RRC Connection Release

Signalling procedure of Solution 2 is similar to that of Solution 1 in the radio interface, with 4 RRC messages (for AS security and DRB setup etc.) saved. 
	RA preamble, RAR
	No

1 NAS message is saved.

	Solution 3
	Solution 3 has no impact on the current LTE design in the radio interface, so the overhead of this solution is the same as the current solution. 


	Solution 4
	5 messages: 

Paging, , RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, RRC Connection Release

Comparing to the current LTE design, 4 RRC messages (for AS security and DRB setup etc.) are saved in Solution 1.
	RA preamble, RAR
	No

1 NAS message is saved.

	Solution 5
	Alternative 5A: Small Data Fast Path
	8 messages:

RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, Security Mode Command, Security Mode Complete, small data, small data response, RRC Connection Release

Compared to the current LTE design, 2 RRC messages (for DRB setup etc.) are saved. 

In this option, MME is excluded and no S1 message is needed. 
	RA preamble, RAR
	No

1 NAS message is saved.

	
	Alternative 5B: Connectionless Data Transmission
	6 messages:

RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, small data, small data response, RRC Connection Release

Compared to the current LTE design, 4 RRC messages (for AS security and DRB setup etc.) are saved. 

In this option, MME is excluded and no S1 message is needed.
	RA preamble, RAR
	No

1 NAS message is saved.

	Solution 6
	4 messages:

RRC Connection Request, RRC Connection Setup, RRC Connection Setup Complete, RRC Connection Release

Compared to the current LTE design, the number of RRC messages is decreased while the content of RRC Connection Request and the content of RRC Connection Setup are extended, thus the bits of RRC messages may be not reduced very much. 
	RA preamble, RAR
	1 message ( Service Request)

	Solution 7
	No

()
	0 or 2 messages (RA preamble and RAR for potential uplink synchronization)
	No

1 NAS message is saved.


From the above comparison, it can be seen that Solution 7 (Ch. 5.1.2.3.1, “Keep the UE in connected mode”) has the minimum signalling overhead when small data is to be transmitted. Solution 1 and Solution 2 has similar signalling overhead. 
Proposal 1: RAN2 is kindly suggested to discuss the reduction of RRC, L1/L2 and NAS signalling messages/bits of SA2’s SDDTE solutions. 
2.1.2 Applicability
In the following table 2, we would like to analyze the applicability of these solutions, based on our discussion on the signalling overhead in section 2.1.1. Please note that it needs to be further studied what should be the exact amount that is considered to be small. 
Table 2

	SDDTE solutions
	Data amount
	Use case (from the radio interface point of view)

	Solution 1
	One IP packet and it IP response packet. 

Transfer of more than one (pair) IP packets can also be possible (e.g. it is similar to TAU procedures where several NAS messages can be exchanged without downloading the UE Radio Capabilities to the eNB), however this would have a larger RAN performance impact. 
	Infrequent or frequent small data

	Solution 2
	One SMS or SMS-like small data packet. 

Transfer of more than one (pair) IP packets can also be possible with larger RAN performance impact.
	Infrequent or frequent small data

	Solution 3
	One or multiple small data packets transmission. 
	Infrequent small data (since this solution does not reduce signalling overhead in the radio interface)

	Solution 4
	One IP packet and it IP response packet
	Infrequent or frequent small data
Downlink only

This solution is suitable for UE(s) that belong to smaller tracking area

	Solution 5
	Alternative 5A: Small Data Fast Path
	One or multiple small data packets transmission.
	Infrequent small data (since the signalling overhead in this solution in the radio interface is relatively high)

	
	Alternative 5B: Connectionless Data Transmission
	One or multiple small data packets transmission.
	Infrequent or frequent small data

	Solution 6
	One or multiple small data packets transmission.
	Infrequent small data (since the signalling overhead in this solution in the radio interface is relatively high)

	Solution 7
	One or multiple small data packets transmission.
	Frequent small data (For infrequent small data, it seems not necessary to keep UE in connected mode for UE power saving)


In our opinion, solutions that can be used to transmit one or multiple small data packets and that can be used in infrequent or frequent small data transmission would have wider applicability. Thus solution 1, 2, 5b seem to have better performance in this aspect. 
Proposal 2: RAN2 is kindly suggested to discuss the use cases of SA2’s SDDTE solutions from the radio interface point of view. 
Proposal 3: The criteria for UL and DL small data over Uu needs to be discussed by RAN2.
2.1.3 Complexity
With respect to the complexity, we mainly consider the changes to the existing protocols and network nodes.
Table 3
	SDDTE solutions
	Changes to UE
	Changes to eNB
	Other comments

	Solution 1
	Exchange information with MME on their ability to support the "infrequent small data" procedures.
RRC Connection Request: add a new indicator or use the existing "mo-Signalling" cause; 
RRC Connection Setup Complete: include the encrypted uplink IP packet and its EPS bearer ID in the NAS PDU container

Handle RRC Connection Release
	Paging: receive page with “small data” indication, page response for “small data”

Handle “NAS small data” session (including UE “small data” request in RRC Connection Request, Inhibit the Measurement configuration procedure based on UE’s indication, indicate “small data” in page).

RRC Connection Release: add small data
	Similar to the existing TAU procedure from IDLE. 
Interactions of Low Access Priority with “mo-Signalling” are FFS
The IP packet is transferred without RRC security.

	Solution 2
	RRC Connection Request: use the existing "mo-Signalling" cause; 
RRC Connection Setup Complete: include the SMS RP-DATA or small data unit in the NAS PDU container; 

Handle RRC Connection Release
	Paging: addition of a “SMS flag” or “small data flag”;
	Similar to the existing SMS/TAU procedure from IDLE.
Interaction of Low Access Priority with “mo-signalling” is FFS.

The IP packet is transferred without RRC security.

	Solution 3
	No changes
	Support GTP-U header extensions (S1-U);

When sending NAS or HO related messages to MME indicate support of optimized signalling (S1-MME);

On X2 HO, include the SGW support indication to the target eNB (X2).

Receive new control information from S1-MME (e.g. APN ID code)
	No more impact on radio interface.

	Solution 4
	Paging: receive the small data flag
Handle the small data in RRC Connection Setup

RRC Connection Setup Complete: include the small data ACK in the NAS PDU container
	S1 paging message includes small data
Radio paging message includes the small data flag

Buffer the small data, and delete small data after the timer expired or after delivery.  

RRC Connection Setup: include the small data
	The overhead/impact on paging message should be studied.

	Solution 5
	Alternative 5A: Small Data Fast Path
	A Bearer Resource ID is allocated to the UE at session set up;

UE appends Bearer Resource ID to small data that is sent UL to the eNB.
	Use the Bearer Resource ID and create a GTP-U PDU and passes the small data packet on the S1-U to the SGW. 
Appends its DL TEID and IP address to the GTP-U PDU in an extension header.
Maintain a timer for the fast path
	How the small data is transmitted in the radio interface is FFS. 

Responding to paging for DL small data when there are multiple fast path enabled bearers, may use a specific Uu bearer independent signalling instead of sending an UL dummy IP packet on each bearer. This is FFS by RAN
Potential issue with loss of data in RAN at mobility or change from fast path to connected mode is FFS

	
	Alternative 5B: Connectionless Data Transmission
	A connection ID is allocated to the UE at session set up
UE appends connection ID to small data that is sent UL to the eNB.
	Cache security context after the UE is idle
Use the connection ID to derive the UL TEID and the SGW IP address, and create a GTP-U PDU and passes the small data packet on the S1-U to the SGW.
Appends its DL TEID and IP address to the GTP-U PDU in an extension header.
	

	Solution 6
	RRC Connection Request: include Service Request
Handle the RRC Connection Setup message
	Handle the RRC Connection Request;

RRC Connection Setup: include content of Security mode command and RRC connection reconfiguration;
	This solution has significant impact on the existing protocols and RAN nodes

	Solution 7
	FFS
	FFS
	How to trigger and which node decides to apply the long connected mode is FFS; 
How the network knows the traffic is delay tolerant is FFS.

How to ensure the power consumption in the UE is not increased is FFS.


Proposal 4: RAN2 is kindly suggested to discuss the complexity of SA2’s solutions for SDDTE, taking into account the above changes to the existing protocols and nodes and the above FFSes. 

3 Conclusion

In this contribution, we have discussed SA2’s SDDTE solutions that have RAN impacts on signalling overhead, applicability and complexity. We would like to give the following proposals:
Proposal 1: RAN2 is kindly suggested to discuss the reduction of RRC, L1/L2 and NAS signalling messages/bits of SA2’s SDDTE solutions. 

Proposal 2: RAN2 is kindly suggested to discuss the use cases of SA2’s SDDTE solutions from the radio interface point of view. 
Proposal 3: The criteria for UL and DL small data over Uu needs to be discussed by RAN2.
Proposal 4: RAN2 is kindly suggested to discuss the complexity of SA2’s solutions for SDDTE, taking into account the above changes to the existing protocols and nodes and the above FFSes. 
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