3GPP TSG-RAN WG3 Meeting #80
(R3-131036
Fukuoka, Japan, May 20 – 24, 2013
Agenda Item:
19
Source: 
Samsung
Title: 
Initial analysis on RAN3 input for SDDTE solutions
Document for:

Discussion
1 Introduction 
SDDTE (Small Data and Device Triggering Enhancements) and UEPCOP (UE Power Consumption Optimizations) have been prioritized among system improvements considered for MTCe (Machine-Type and other mobile data applications Communications Enhancements) for Release 12. Since these enhancements are expected to include RAN impacts, input on these MTCe enhancements has been requested by SA2 [1].

RAN2 who is leading the RAN analysis for the SDDTE and UEPCOP solutions, has produced a TR for the RAN impact analysis [2]. In the TR, evaluation metrics for these enhancements are identified. Among the identified metrics here are ones that might require input from RAN3:
· Impact on Mobility: Refers to whether the solution supports mobility, has any limitations related to handover/ cell reselection support and/or whether and how it affects handover/cell reselection performance (e.g. some solutions may be specific to stationary devices);

· Impacts to S1/Iu signalling: Refers to impacts to S1/Iu signalling;

· Impact to network implementation: Refers to the impact on the network (e.g. eNB/RNC) implementation; and

· S1/Iu signalling gain: Indicates how many S1/Iu interface messages can be saved (in %, w.r.t. Rel-11 baseline solution).
In this contribution, initial analysis on the MTCe solutions is made; impacts to S1 signalling (including signalling gain), mobility, and related network implementation regarding the SDDTE solutions are analysed.

2 Analysis
For SDDTE, eight solutions have been requested to be analysed by SA2 [1]:

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”;

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”;
3. Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”;
4. Ch. 5.1.1.3.5, “T5 based downlink small data transfer using RRC message”;
5. Ch. 5.1.1.3.6.2, “Small Data Fast Path”;
6. Ch. 5.1.1.3.6.3, “Connectionless Data Transmission”;
7. Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”; and
8. Ch. 5.1.2.3.1, “Keep the UE in connected mode”.
On the other hand, RAN2 has categorized these solutions in a different way [2]:

1a. Optimized RRC connection management, Solution 7;

2a. Control Plane solutions, Solutions 1 and 2;

2b. Control Plane solutions, Solution 4;
3a. Connectionless approaches, Solutions 5 and 6;
4a. S1/Iu-only optimizations, Solution 3; and
5a. Core Network assisted eNB parameters tuning for small data transfer, Solution 8.
The analysis in this contribution is based on the categorization made by RAN2.
NOTE: Two additional solutions that were not included in the LS from SA2 but are present in the TR 23.887 [3], has been agreed to be included in the TR 37.869 in RAN2#81. It is, however, not decided to provide the analysis results of these solutions in a reply LS, yet. Hence, these two solutions are not considered in the initial analysis.
Solution 1a

The solution focuses on reduction in the number of RRC messages to be exchanged during the Service request procedure. In order to achieve this, the security and reconfiguration-related messages are piggybacked into the messages for the RRC connection establishment. Therefore, most of the modification seems to impact the Uu interface and the eNB implementation.
Since the solution proposes to send the security-sensitive IEs via the RRCConnectionSetup message, the eNB is required to have the security information for partial encryption before sending the message. In the solution description, an example to achieve this requirement is illustrated; the INITIAL CONTEXT SETUP REQUEST message is modified to include the security information. However, this is not necessary since the INITIAL CONTEXT SETUP REQUEST message already contains the security information.
No S1 signalling gain is foreseen in the solution.

· Impact on Mobility: Supported
· Impacts to S1 signalling: No impact in the S1 signalling
· Impact to network implementation:

· The eNB should be enhanced to be capable of sending the INITIAL UE MESSAGE message after receiving the modified RRCConnetionRequest message; and

· The receipt of the INITIAL CONTEXT SETUP REQUEST message may trigger the transmission of the modified RRCConnectionSetup message.
· S1 signalling gain: No gain in the S1 signalling
Solution 2a

The solution proposes to include user plane data via the NAS messages. To be more specific, the INITIAL UE MESSAGE and DOWNLINK NAS TRANSPORT messages deliver uplink and downlink user plane data, respectively. These S1 messages, however, are not considered to be impacted since the user plane data are contained by the NAS-PDU IE.
On the other hand, the MME may need to be able to optionally request the eNB to release the RRC connection via the DOWNLINK NAS TRANSPORT message for the fast release. Furthermore, the PAGING message may optionally be enhanced to add a “SMS flag” or “small data flag” in order to, in turn, let the UE to change the RRC establishment cause from “mt-access” to “mo-signalling” or to a new cause value, e.g. “mt-signalling.”
The transfer of INITIAL CONTEXT SETUP REQUEST, INITIAL CONTEXT SETUP RESPONSE messages and uplink/downlink data transfer via S1-U is not needed, whereas the transfer of the DOWNLINK NAS TRANSPORT message is additionally needed. In addition, with respect to the release, at most three S1-MME messages (i.e., UE CONTEXT RELEASE REQUEST, UE CONTEXT RELEASE COMMAND, and UE CONTEXT RELEASE COMPLETE messages) are not required.

· Impact on Mobility: Not supported
· Impacts to S1 signalling:
· The DOWNLINK NAS TRANSPORT message may contain information triggering the RRC connection release; and
· The PAGING message may include a “SMS flag” or “small data flag.”
· Impact to network implementation:

· If the DOWNLINK NAS TRANSPORT message contains information triggering the RRC connection release, the eNB triggers the RRC connection release; and
· If the PAGING message includes a “SMS flag” or “small data flag,” the eNB adds the flag in the Paging message.

· S1 signalling gain:
· Service request procedure (UE-triggered): One message;
·  Service request procedure (network-triggered): One message; and

· UE Context Release Request and UE Context Release procedures: Three messages.
NOTE: As can be seen above, different solutions have different enhancement objectives. For example, Solution 1a only considers the Service request procedure, but Solution 2a does the Service request, UE Context Release Request, and UE Context Release procedures. Thus, careful consideration is needed to evaluate the S1 signalling gain in percent.
Solution 2b
In the solution, downlink and uplink data are delivered through the PAGING and INITIAL UE MESSAGE messages, respectively. Since the NAS-PDU IE is already included in the INITIAL UE MESSAGE message, it is foreseen that only the PAGING message needs modification to accommodate the downlink user data delivery.
The transfer of INITIAL CONTEXT SETUP REQUEST and its response is not required.

· Impact on Mobility: Not supported

· Impacted S1 signalling: The PAGING message may include the NAS-PDU IE.
· Impact to network implementation: If the PAGING message includes the NAS-PDU IE, the eNB relays it via the Paging message.

· S1 signalling gain: Two messages for the Service request procedure (network-triggered only)
Solution 3a

The delivery of uplink data is accomplished based on the SGW Bearer Resource ID/Connection ID and the mapping information from the SGW Bearer Resource ID/Connection ID to the S-GW S1-U TEID.

On the other hand, the delivery of downlink data is fulfilled based on the eNB S1-U TEID provided in the uplink GTP-U PDU on the S1-U interface; the GTP-U header extension is required. In case of mobile-terminated data delivery, in order to trigger that the eNB adds the eNB S1-U TEID, the PAGING message may need to be enhanced to inform that the paging is for the downlink small data.
The transfer of INITIAL UE MESSAGE, INITIAL CONTEXT SETUP REQUEST, and INITIAL CONTEXT SETUP RESPONSE messages is not required.

· Impact on Mobility:
· Fast path: Not supported; and

· Connectionless: At least, security context is stored both at the eNB and UE.
· Impacts to S1 signalling: The PAGING message may need to be enhanced to inform that the paging is for the downlink small data.
· Impact to network implementation:

· Derivation of the S-GW S1-U TEID from the SGW Bearer Resource ID/Connection ID should be available in the eNB; and
· If the eNB receives the modified RRCConnectionSetupComplete message, the INITIAL UE MESSAGE message is not triggered.

· If the eNB receives the SGW Bearer Resource ID/Connection ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.
· If the PAGING message informs that the paging is for the downlink small data, the eNB also informs it via the Paging message.
· S1 signalling gain:
· Service request procedure (UE-triggered): Three messages; and
· Service request procedure (network-triggered): Three messages.
Solution 4a

Support of optimized bearer signalling in the eNB and S-GW is informed to each other via the MME. The INITIAL UE MESSAGE and INITIAL CONTEXT SETUP REQUEST messages deliver such information. Additional information such as the Device ID may be delivered via the INITIAL CONTEXT SETUP REQUEST message. Similar to Solution 3a, the uplink GTP-U PDU on the S1-U interface includes the eNB S1-U TEID.
No S1 signalling gain is foreseen in the solution.

· Impact on Mobility: Supported
· Impacts to S1 signalling:
· The INITIAL CONTEXT SETUP REQUEST message may contain information regarding the GW BR Support and CGW state info.
· The INITIAL UE MESSAGE message may contain information regarding the eNB BR Support.
· Impact to network implementation:
· If optimized bearer signalling is available in the eNB, it may include information regarding the eNB BR Support in the INITIAL UE MESSAGE message.
· If the INITIAL CONTEXT SETUP REQUEST message contains information regarding the GW BR Support and CGW state info, the eNB saves it and includes part of the received information and the eNB S1-U TEID in the uplink GTP-U PDU.
· If the device becomes inactive, the eNB may send a dummy tunnelled uplink data packet to the CGW with an indication that the device context can be immediately released.
· S1 signalling gain: No gain
Solution 5a

The eNB may adjust parameters on the status transition (e.g. DRX cycle and inactivity timer) properly for the MTC devices in order to reduce unnecessary signalling. When the MTC device goes idle, such information on parameters, i.e. RAN assistance information is sent to the MME via the UE CONTEXT RELEASE COMPLETE message. When the Service request procedure is triggered, the MME may relay the RAN assistance information or transfer the processed information taking the CN knowledge and RAN assistance information into account using the INITIAL CONTEXT SETUP REQUEST message.
This solution does not aim at reducing any specific message in the Service request procedure but focuses on reducing the frequency of the occurrence of the entire Service request procedure.

· Impact on Mobility: Supported
· Impacts to S1 signalling:
· The UE CONTEXT RELEASE COMPLETE may contain RAN assistance data.
· The INITIAL CONTEXT SETUP REQUEST may contain CN assistance data or RAN assistance data.
· Impact to network implementation:

· The eNB may decide to help the MME and the new eNB by transferring RAN assistance information to the MME via the UE CONTEXT RELEASE COMPLETE message.

· If the eNB receives assistance data from the MME viathe INITIAL CONTEXT SETUP REQUEST message, the eNB may be able to use the data for DRX cycle and inactivity timer adjustment.
· S1 signalling gain: Less frequent occurrence of the Service request procedure
3 Conclusion
Analysis on impacts to S1 signalling, mobility and network implementation regarding the SDDTE solutions has been made. The analysis can be summarized as follows:

	Solutions (
Evaluation Criterion
	Optimized RRC connection management
	Control Plane solutions
	Connectionless approaches
	S1/Iu-only optimizations
	Keep the UE in connected mode

	
	Solution 1a
	Solution 2a
	Solution 2b
	Solution 3a
	Solution 4a
	Solution 5a

	Impact on Mobility 
	Supported
	Not supported
	Not supported
	Not supported/FFS
	Supported
	Supported

	Impacts to S1/Iu signalling
	No impact
	DOWNLINK NAS TRANSPORT
PAGING
	PAGING
	PAGING
	INITIAL CONTEXT SETUP REQUEST
INITIAL UE MESSAGE
	UE CONTEXT RELEASE COMPLETE
INITIAL CONTEXT SETUP REQUEST

	Impact to network implementation
	The RRCConnectionRequest message may trigger the INITIAL UE MESSAGE message.
The INITIAL CONTEXT SETUP REQUEST message may trigger the RRCConnectionSetup message
	The RRC connection release by the DOWNLINK NAS TRANSPORT message.
If the PAGING message informs about the small data, the Paging message also informs about it.
	If the PAGING message includes the NAS-PDU IE, the eNB relays it via the Paging message.
	Derivation of the S-GW 1-U TEID from the SGW Bearer Resource ID/Connection ID should be available in the eNB.
The RRCConnectionSetupComplete message may not trigger the INITIAL UE Message message.

The uplink GTP-U PDU needs header extension.

If the PAGING message informs about the small data, the Paging message also informs about it.
	Support of optimized bearer signalling in the eNB and S-GW is informed to each other via the MME.
The uplink GTP-U PDU needs header extension.

If the device becomes inactive, the eNB may send a dummy tunnelled uplink data packet to the CGW.
	The eNB may decide to help the MME and the new eNB by transferring RAN assistance information to the MME.
The eNB may be able to use the received data from the MME for DRX cycle and inactivity timer adjustment.

	Signalling gain
	S1/Iu interface signalling
	No gain
	Service request procedure (UE/network-triggered)
UE Context Release Request and UE Context Release procedures
	Service request procedure (network-triggered)
	Service request procedure (UE/network-triggered)
	No gain
	Less frequent occurrence of the Service request procedure


RAN3 is requested to taking the above analysis as baseline.
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