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1. Introduction
In last RAN#59 plenary meeting, a new SI Proposal on RAN aspects of Machine-Type and other mobile data applications Communications enhancements was agreed in RP-130396 [1]. One objective of this study item is to evaluate the solutions proposed by SA2 from RAN perspective.
In this paper, we focus on the impact analysis and evaluate the RAN-impacting SDDTE solutions proposed by SA2. Based on the discussion, we give our proposals.
2. Discussion
2.1. General
From RAN’s view, the impacts of these SDDTE solutions on RAN are different. Some solutions have same mechanism in RAN and can be classified into different groups in order to evaluate these solutions conveniently.
· Solutions based on TAU procedure
· “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”
· “Optimized handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN”
· Solutions based on connectionless approach
· “Small Data Fast Path”

· “Connectionless Data Transmission”

· Service Request signalling reduction by RRC message combining
· T5 based downlink small data transfer using RRC message
· Keep UE in connected mode
· Stateless Gateway for cost efficient transmission of infrequent or frequent small data
2.2. Solutions based on TAU procedure 
1) Solution description
SA2 proposed an optimization that the small data is enveloped into a NAS PDU in an encrypted IE and transmitted by RRC signaling in RAN side. Accordingly, the response packet will be enveloped into NAS PDU and transmit by downlink RRC signaling. The detailed procedure is described in [23.887].These solutions are similar with TAU procedure.
Additionally, for the case of transferring more than one (pair) of IP packets, an extra RRC signaling message (e.g. UL/DL InformationTransfer message) can be sent to carrying other IP packets at the same enveloped format. The only thing that UE needs to do is to inform network to keep the current RRC connection, e.g. by a “going-on” indicator in NAS PDU or based on a timer or some else.
Observation1: More than one (pair) of packets transfer can be supported by this solution.
2) Solution evaluation
The solution can be evaluated from the following aspects:
· The impact analysis on current specification
From the solution description in 23.887, the changes to current specification procedures: 
· Potential a “small data indicator” in RRCConnectionRequest message; 
· A “small data flag” in paging message in SI and Uu interface.
· A NAS PDU container in RRCConnectionRelease message.
·  A release command in S1 Downlink NAS Transport message.
·  A new optional IE to the UL Information Transfer.
Particularly, SA suggests using “mo-signalling” as establishment cause and adding a “small data indicator” in Msg3 to inhibit eNB sending measurement, DRB and AS security context configuration. This solution is TAU-like procedure, and when receiving RRCConnectionRequest with “mo-signalling” cause, all the configurations are not established in current TAU procedure. From this perspective, this indicator seems not to be needed. However, it makes sense in some scenarios, e.g. access control. When network is overload, it can assists eNB to apply different AC policy to small data from signaling service. Therefore, it is proposed to discuss the necessity to add a “small data indicator” in Msg3.
Proposal1: It is proposed to discuss the necessity to add a “small data indicator” in Msg3.
· Signaling efficiency
Compare to the typical LTE procedure in Appendix A, the saved signaling is:

	Number of saved Uu interface messages
	Number of saved S1 interface messages

	4 (2 RRC reconfiguration messages
+2 security command messages)
	4(2 Initial context setup messages 
+ 2 UE context release)


Note: the saved signaling is related with the amount of small data. Above result is based on only one data packet is sent. If more than one data packets are transmitted on Uu interface, the needed signaling will be increased. Considering the size of small data is small, above signaling efficiency is reasonable. 
· Implementation complexity
For UE, the major modification is to judge whether sends data in this way and to envelop small data into a new NAS PDU. For eNB, it has almost no modification on implementation. 
3) Conclusion 
From the analysis, the following observation can be foreseen:
Observation2: This solution is easily implemented in RAN side with efficient signaling overhead and limited modification to current specification.
2.3. Solutions based on connectionless approach
1) Solution description
Based on the pre-configured EPS bearer(s) or PDN connection(s) (which are enabled during MM and SM procedure), the UE will use a Bearer Resource ID or Connection ID to activate its EPS bearer or PDN connection. The eNB derives the SGW S1-U F-TEID only from the Bearer Resource ID or Connection ID. The detailed RAN schemes for the Fast Path solution (using Bearer Resource ID) and the Connectionless solution (using Connection ID) is still open for RAN2.
2) Solution evaluation
· The impact analysis on current specification
From the perspective of RAN, using C-plane or U-plane for small data transmission is open for the Fast Path or Connectionless solution. The impacts on current specification are related to potential solutions proposed in RAN.
· Signaling efficiency
Compare to the typical LTE procedure in Appendix A, the saved signaling is:
	Number of saved Uu interface messages
	Number of saved S1 interface messages

	FFS
	3(1 initial UE message + 2 Initial context setup messages)


For Uu interface, detailed signaling optimization is open, and solutions for better signaling efficiency should be possible.
· Implementation complexity
One increased complexity would be that the network nodes should be able to maintain a large number of UE contexts. For example, the Connectionless solution requires the eNB to maintain the UE context (including the security context and the mapping of connection ID to TEID and SGW) of each MTC device , and the Fast Path solution needs the SGW to store the UE context of each MTC device [2]. As the Connection ID is enabled during MM and SM, the UE will not be able to use the Connectionless solution if the UE moves out of the cell coverage of the eNB which stores the UE context if only one eNB stores the UE context. Or in order to support the mobility of the UE, each eNB within the TA zone has to store the UE context. The increasing number of the UEs will cause a large amount of the UE context (which could be unacceptable) stored in each eNB. Other implementation complexities highly depend on the RAN scheme designed/selected as the RAN schemes for the Fast Path or Connectionless solution is open.
3) Conclusions
The amount of the UE context stored in the network nodes is expected to be huge with the fast increase of MTC devices. On the other hand, either C-plane or U-plane small data transmission is possible for the Fast Path or Connectionless solutions. The impacts on RAN should be based on the RAN solutions proposed/selected.
Observation3: If only one eNB stores the UE context upon the MM or ME procedure, the Connectionless solution is not able to work once the UE moves out of the cell coverage of the eNB. If every eNB within a TA stores the UE context upon the MM or ME procedure, the increasing amount of the UE context could be unacceptable. 
2.4. Downlink small data transfer using RRC message 
1) Solution description
In this optimized solution, the downlink small data is transmitted as NAS PDU encapsulated in S1 Paging message and in the DedicatedInfoNAS IE of Uu RRCConnectionSetup message. A “small data flag” could be added in paging message to indicate UE that the paging is to transfer downlink small data and service request procedure is not needed. After receiving the small data, UE will feedback the ACK encapsulated in a DedicatedInfoNAS IE in the RRCCconnectionSetupComplete message. 
2) Solution evaluation
· The impact analysis on current specification
The main changes are: 
· A NAS PDU container in the S1-AP paging message. 
· A “small data flag” could be added in paging message. 
· A NAS PDU container in Uu RRCConnectionSetup message. 
· A NAS PDU container in RRCConnectionSetupComplete message 
· UE could request eNB to release RRC signaling connection.
· Signaling efficiency
Compare to the typical LTE procedure in Appendix A, the saved signaling is:
	Number of saved Uu interface messages
	Number of saved S1 interface messages

	4 (2 RRC reconfiguration messages
+2 security command messages)
	4( 
2 Initial context setup messages 
+ 2 UE context release)


· Implementation complexity
UE and eNB need to be modified to transmit/receive the optimized paging, RRCConnectionSetup, RRCConnectionComplete messages.
Addtiolly, eNB needs to buffer the small data, record the corresponding S-TMSI, and if sending small data to all eNodeBs in the TA list, eNB needs to buffer all UE’s small data.
3) Conclusions
Observation4: This solution is implementable in RAN side with efficient signaling overhead and limited changes to current specification.
2.5. Service Request signalling reduction by RRC message combining
1) Solution description
The solution reduces the amount of RRC signalling messages required in Service Request procedure, by combining the information exchanged between the UE and MME in fewer RRC messages.

2) Solution evaluation
· The impact analysis on current specification
The main changes to current procedures are: 
· Including the Service Request message in RRCConnectionRequest message; 
· Combining the establishment of DRB and AS security context into RRCConnectionSetup message;
Firstly, the solution has significant impact to random access procedure. The capacity of Msg3 is limited and it is possible to fail involving Service Request message. And in order to request more grants for Msg3, some enhancements may be introduced. For example, some specific preambles need to be informed to eNB. Secondly, the Contention Resolution is not completed at this time, and the Service Request message cannot be forwarded to MME to a certain extent. Thirdly, the greater sizes of Msg3 and Msg4 and the signaling interact in S1 before sending Msg4 increase the access latency.
Obersvation5: Some enhancements need to be introduced to request more grants for Msg3. 
· Signaling efficiency
Compare to the typical LTE procedure in Appendix A, the saved signaling is:
	Number of saved Uu interface messages
	Number of saved S1 interface messages

	4 (2 RRC reconfiguration messages
+2 security command messages)
	None


Note: These DRB and AS security context related IEs still occupy the overhead of RRCConenctionRequest and RRCConnectionSetup messages, and the only reduced overhead is the header of the DRB and AS security context related messages. From this point of view, the signaling efficiency optimization of this solution seems not to be significant.
· Implementation complexity
UE and eNB needs to transmit/receive the modified Msg3/Msg4 message;
eNB needs to modify the implementation when receiving Msg3.
3) Conclusions
Observation6: This solution has limited signaling efficiency with great impact on random access procedure.
2.6. Keep UE in connected mode
SA2 proposed the solution of Keep the UE in connected mode to minimize UE frequent state transitions while the UE sends the small data (e.g. keep alive messages) with a frequent and diverse traffic pattern. This solution is mainly for reducing the signalling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behavior) and power consumption (e.g. adjusting the DRX cycle) resulting from connected mode. 

It has been observed from the simulation [4] (TR36.822) that keeping the UE in connected mode can eliminate the RRC Connection Setup and Release signalling, with mobility signalling events increasing correspondingly with the mobility of the UE. It also can be observed that it would be beneficial to send the UE to idle mode when it is in high mobility to avoid frequent handover procedures, and keep the UE in connected mode when it is in low mobility to avoid frequent state transition procedures. 
Observation7: Keeping the UE in connected mode may leads to more extensive control plane signalling overhead of handover procedure, especially for high speed UEs.
2.7. Stateless Gateway for cost efficient transmission of infrequent or frequent small data
1) Solution description
The main concept of the solution is to maintain the device specific context information in the Combined Gate Way (CGW) only for users actively engaged in user data transmission and eliminates signaling between the MME and CGW
2) Solution evaluation
· The impact analysis on current specification
The main changes to current procedures are: 
· Including the eNB support indication in S1 message; 
· Including the SGW support indication in X2 message;
· Signaling efficiency
Compare to the typical LTE procedure in Appendix A, the saved signaling is:
	Number of saved Uu interface messages
	Number of saved S1 interface messages

	None
	None


· Implementation complexity
eNB needs to modify the implementation to include new support indication in related messages and extend GTP-U header.
3) Conclusions
From above, it can be seen that both RAN specification impact and implementation complexity are small. For RAN, it is acceptable. Considering it is CN based solution, we should just wait for the further outcome from SA2 and if needed, design the related RAN signaling and functions based on SA2’s decision.
Proposal2: the impact on RAN is acceptable and RAN should just wait for SA2’s decision.
3. Comparison
From the analysis in section 2, the evaluation can be summarized as the following table.
	Solution
	Infrequent/Frequent
	Support of mobility
	Signaling efficiency (RAN)
	Specification impact(RAN)
	Implementation complexity

	Solutions based on TAU procedure
	Infrequent
	handover is not supported but mobility in idle mode is supported
	High
	Small
	Low

	Solutions based on connectionless
	Infrequent/Frequent
	Neither of handover nor mobility in idle mode is supported
	Depend on RAN solution
	Depend on RAN solution
	Depend on RAN solution

	Service Request signalling reduction by RRC message combining
	Frequent
	Yes
	Medium
	Big
	High

	T5 based downlink small data transfer using RRC message
	Infrequent
	Handover is not supported but mobility in idle mode is supported
	High
	Medium
	Medium

	Keep UE in connected mode
	Frequent
	Yes
	High
	 Depend on RAN solution
	 Depend on RAN solution

	Stateless Gateway for cost efficient transmission of infrequent or frequent small data
	Infrequent/Frequent
	Yes
	Low
	Small
	Low


4. Conclusion
In this contribution, we analysis and evaluate the SDDTE solutions proposed by SA2, and give the following observations and proposals:
· For the solutions based on TAU procedure:
Observation1: More than one (pair) of packets transfer can be supported
Observation2: The solution based on TAU is easily implemented in RAN side with efficient signaling overhead and limited modification to current specification.
Proposal1: It is proposed to discuss the necessity to add a “small data indicator” in Msg3 in the solutions based on TAU procedure.
· For the solutions based on connectionless approach:
Observation3: If only one eNB stores the UE context upon the MM or ME procedure, the Connectionless solution is not able to work once the UE moves out of the cell coverage of the eNB. If every eNB within a TA stores the UE context upon the MM or ME procedure, the increasing amount of the UE context could be unacceptable. 
· For the solution “Downlink small data transfer using RRC message”:
Observation4: This solution is implementable in RAN side with efficient signaling overhead and limited changes to current specification.
· For the solution “Service Request signalling reduction by RRC message combining”:
Obersvation5: Some enhancements need to be introduced to request more grants for Msg3 in the solution “Service Request signalling reduction by RRC message combining”
Observation6: This solution has limited signaling efficiency with great impact on random access procedure.
· For the solution “Keeping the UE in connected mode”:
Observation7: Keeping the UE in connected mode may leads to more extensive control plane signalling overhead of handover procedure, especially for high speed UEs.
· For the solution “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”:
Proposal2: The impact on RAN is acceptable and RAN should just wait for SA2’s decision.
Proposal3: It is proposed to capture the above observations into the MTCe TR.
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Figure 1 Current signaling procedure for sending data from idle to connected mode and back to idle for LTE
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