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Abstract of the contribution: This paper analyse the solutions for key issue 2 – Efficient support of infrequent small data transmission for Cellular IoT and proposed way forward.
Introduction

TSG SA endorsed the following statement from SA2 LS (SP-150521) - SA WG2 plans to conclude on which solution(s) to progress for normative phase by SA WG2#111 meeting and start normative work from SA WG2#112.

TSG SA asked SA WG2 to continue the work on CIoT with a view to completing the work, at minimum on 'Efficient support of infrequent small data transmission for cellular IoT' (Key Issue 2), in Rel-13 specifications. 
This paper analyse the solutions for key issue 2 – Efficient support of infrequent small data transmission for cellular IoT and proposed way forward. 
Discussion
AT SA2#110, following grouping was done for the solutions to key issue#2. 

Table 1: Analysis for solutions to key issue#2
	Group #
	Solutions
	Comments

	Group 1: Solutions with no data radio bearer/S1-U establishment (small data over control plane)
	Solution 2: Infrequent small data transmission using pre-established NAS security
	

	
	Solution 3: Connectionless small data transmission with immediate return to idle
	Optimization over solution 2 which is primarily RAN dependent i.e. RAN needs to decide to keep the UE in Idle mode. 

	
	Solution 4/4A: Non-IP small data transmission via MTC-IWF/SCEF
	Uses solution 2 for small data delivery between UE and C-SGN/MME.

	
	Solution 10: Support for "non IP" PDN types
	Proposes “non-IP” PDN connection using PDN Type IE. 

Also possible to use solution 2 for small data delivery between UE and C-SGN/MME. 

	
	Solution 15: Support for "non IP" small data by UDP/IP header removal
	Proposes “non-IP” PDN connection using Attach Type IE. 

Also possible to use solution 2 for small data delivery between UE and C-SGN/MME.

	Group 2: Solutions with data radio bearer/S1-U establishment
	Solution 5: UE state transition signalling reduction
	

	
	Solution 6: User plane based solution with enhanced ECM-CONNECTED state
	

	
	Solution 13: RRC Fast Connect for Service Request
	


For CIoT devices there is no need for the default PDN connection. This has been discussed in solution 11 as requirement for supporting SMS but this also applies to infrequent small data transmission for CIoT devices. Same applies for non-IP data. For IP data deliver, there is no need for session management signalling and C-SGN can allocate an IP address (using normal procedure) based on attach type indicator in attach request.
Proposal#1: Define Attach procedure without default PDN connection. New Attach Type is defined to indicate “CIoT attach” along with Data Type – “IP/non-IP/SMS” so that network doesn’t create default bearers. For IP data type C-SGN allocates IP address for CIoT device without any session management signalling.
This can apply to all infrequent small data types (i.e. IP data, non-IP data, SMS). 
From Table 1 it can be observed that Solution 2 is common denominator between solutions under Group#1. Key benefit of Solution 2 is that it can be applied to both IP and non-IP data.  

Moreover, Group #1 solutions, and in particular Solution 2 have the following benefits:

-
It provides great reduction in terms of signalling overhead for small data communication. 

-
The solution provides the same efficiency to both stationary and mobile devices. 

-
The UE is mostly in idle mode which lowers the amount of memory required at RAN, particularly compared to Group #2 solutions 5 and 6. 

-
The same transport mechanism can cover a wide range of applications using IP, non-IP or SMS.

On the other hand, from Group#2 solutions have the following drawbacks:
Solutions 5 and 6:

· Dimensioning of RAN, where context of potentially a very large amount of MTC devices would be required.

· Requires new NAS states, which requires more complexity to NAS, which goes against the goal of simplifying the system.

· Optimization mainly limited to stationary devices always camping on same eNB. For mobile devices, solution is not as efficient

Solution 13:

· Does apply to mobile devices as well as stationary devices, and does not have the RAN dimensioning issue. However, it requires storage of AS context in the CN, which increases the signalling load over S1. 

· It also requires a roundtrip of signalling between RAN and CN to fetch the AS context, before UE is able to send/receive small data, even when UE is stationary.
Proposal#2: Adopt Group#1 solution. Use Solution 2 as basis for infrequent small data types (i.e. both IP and non-IP). Minimizing NAS signalling aspects from solution 12 and solution 14 can be considered as further optimizations. 
Solution 4/4a, 10 and 15 differs in terms of how Small Data is routed between 3GPP end nodes (C-SGN/PGW) and application server. This should be further discussed and evaluated if this should be specified or left outside 3GPP specifications.

Proposal #3: Discuss further which mechanism for non-IP small data transfer between C-SGN and AS (e.g. 4/4a, 10, or solution 15) should be specified, or should it be left out of 3GPP specification.
As shown in Table #1, for Group 2 there are 3 solutions. Common characteristics of these solutions are that data is transmitted over user plane and UE context is kept in eNB/MME to optimize signalling during IDLE to CONNECTED mode transition. For CIoT devices there is general understanding that support for multiple PDN connections is not required. Given proposal#1 above, we should further discuss need for PDN connection establishment as optional procedure for small data transfer. Establishment of data radio bearers seems only beneficial if relatively frequent transmission of large data is needed. This is currently not a requirement. And if support of such procedure if necessary one solution (from 5, 6, 13) should be selected as the basis for normative work.
Proposal #4: Discuss further the need for optional PDN connection procedure. Engage RAN/RAN2 to request feedback on whether relatively frequent transmission of large data is needed. Only one PDN connection should be supported.  If needed, select one solution (from solution 5, 6, and 13) as basis for normative work.
Above proposals are reflected in the figure 1 below: 
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Figure 1: Way forward on key issue #2 - Efficient support of infrequent small data transmission for cellular IoT
Proposal
Proposal#1: Define Attach procedure without default PDN connection. New Attach Type is defined to indicate “CIoT attach” along with Data Type – “IP/non-IP/SMS” so that network doesn’t create default bearers. For IP data type C-SGN allocates IP address for CIoT device without any session management signalling.
Proposal#2: Adopt Group#1 solution. Use Solution 2 as basis for infrequent small data types (i.e. both IP and non-IP). Minimizing NAS signalling aspects from solution 12 and solution 14 can be considered as further optimizations. 

Proposal #3: Discuss further which mechanism for non-IP small data transfer between C-SGN and AS (e.g. 4/4a, 10, or solution 15) should be specified, or should it be left out of 3GPP specification.
Proposal #4: Discuss further the need for optional PDN connection procedure. Engage RAN/RAN2 to request feedback on whether relatively frequent transmission of large data is needed. Only one PDN connection should be supported.  If needed, select one solution (from solution 5, 6, and 13) as basis for normative work.
It is also proposed to capture conclusion in TR 23.720 as follows:
**** FIRST CHANGE ****
8
Conclusions


8.1 
Key issue 2 - "Efficient support of infrequent small data transmission for Cellular IoT"
·     Solution 2 in clause 6.2 is considered as the basis for infrequent small data transmission for both IP and non-IP data type.

·     “CIoT attach” along with Data Type – “IP/non-IP/SMS” is indicated as part of Attach message. Exact mechanism is left for stage-3.
· For SMS and non-IP data type no default PDN connection is needed.
· For IP data type C-SGN allocates IP address for CIoT device without any session management signalling.
**** END OF CHANGES ****
3GPP

SA WG2 TD


CIoT UE
CIoT BS
C-SGN
CIoT Attach procedure without default PDN connection.
UL/DL infrequent small data transfer procedure (IP, non-IP). Use solution#2 as basis for normative work. Minimizing NAS signalling aspects from solution 12 and solution 14 can be considered as further optimizations.
Discuss further need for optional PDN connection procedure. Only one PDN connection should be supported.  If needed, select one solution (from 5, 6, 13) as basis for normative work.
MTC-IWF/SCEF
AS
Discuss further which mechanism from solution 4/4a, solution 10, solution 15 should be used, or should it be left out of 3GPP specification.



