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1
Introduction
SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item and has discussed and documented potential solutions for several key issues in the TR 23.887[1]. As some of these solutions may have significant impacts to Radio Access Networks, SA2 sent an LS [2] on RAN2#81 asking for the feedback from RAN and GERAN. 
As a result, RAN#59 has approved a SI [3] led by RAN2, i.e. study on the RAN aspects of Machine-Type and other mobile data applications Communications enhancements, where the evaluation of SA2 identified solutions shall be firstly discussed to help SA2 take the final decision under their time plan. This paper analyses the SA2 solutions as listed in the LS (quoted below) and their potential impact on RAN.

For SDDTE:

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”;
8. Ch. 5.1.2.3.1, “ Keep the UE in connected mode”;
2
Evaluation of SA2 solutions for small data transfer
2.1 
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

In LTE, the current data transfer procedures require the use of the Service Request procedure. This entails the download of the RRC security context to the eNB and the establishment of the radio bearers, which leads to a a substantial increase in radio resource utilisation. In this method, it is proposed to transfer the IP packet as NAS signaling without establishing RRC security. The DRB setup and RRC security/measurement procedure are omitted to reduce the signaling overhead for transferring infrequent IP packet. According to the description in [1], the signaling procedures for Mobile-Orignating (MO) and MT scenario are shown in Figure 1-1 and Figure 1-2 respectively.
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Figure 1-1 Optimised LTE message sequence for the transfer of one IP packet pair
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Figure 2 LTE procedure for transferring single MT IP packet (and response)
2.1.1
Impact on RAN side 

Impact on RAN2 specifications: 

· UE has to indicate that the connection is for the small data transfer via a new indicator e.g. “small data indicator” or setting "mo-Signalling" cause value plus S-TMSI in the RRC Connection Request message.
· eNB should not trigger the Measurement configuration procedure based on UE’s indication about small data transfer.
· eNB has to add a “Small data flag” in the Paging messages allowing the UE to initiate a SDT procedure but not a normal service procedure (MT).
· UE has to add a new optional IE to the UL Information Transfer message to request the eNB to release the RRC connection. (MT)
· eNB allowing to include DedicatedInfoNAS IE in RRC Connection Release message to carry the DL UDP/IP response packet (MO).

Impact on RAN3 related specifications:

· MME requesting the eNB to release the RRC connection by adding a “release command” in Downlink NAS Transport message (MO).

· MME adding a “Small data flag” to the Paging messages allowing the UE to initiate a SDT procedure but not a normal service procedure (MT).
· eNB adding a new optional IE to S1 Setup Request message to inform the MME the ability for supporting the small data transmission.
2.1.2
Open issues 
There are also some concerns related to the feasibility of the solution from RAN side:
· In SA2 TR, it is suggested that UE set “mo-Signaling” cause value so that eNB could inhibit the Measurement configuration procedure. However, how the eNB responds to the establishment cause depends on the eNB implementation and may not apply to all the network vendors.
· It is well-known that RRC Connection Request message is almost full where only one empty bit plus one cause value are available for future releases. The addition of new indicator for small data transfer to this message shall be carefully evaluated.
· In the solution, it is assumed that UE decides whether new SDT procedure is used or normal service request procedure is used. However, it is not clear how UE can decide and how to standardize the criteria so that UE behaviour is predictable. Also it is not clear how network can control the decision.

· It may not be optimal to use to large extent a signalling bearer to transfer low priority small data. 
2.1.3
Recommendation 
The solution may be considered in case of MTC with small data transmission like taxi application but may not suitable for smart phone as the UE behaviour is more unpredictable in case of smart phone.
2.2 
Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN
In this solution, the UE carries the small data using SMS or via a new NAS message to MME, and then MME forward the small data or SMS to the designated network entity without establishment of the U-plane RABs. It differs from the solution in section 2.1 in that the user plane data is passed from MME towards the SMSC or other designated network entity rather than the SGW. But from RAN point of view, the signaling procedure over Iu and S1/X2 as well as the impact to RAN specification is almost the same as for the solution in section 2.1. The procedure of transferring small data using SMS over NAS or small data for MO and MT scenarios are shown in 2-1 and Figure 2-2 respectively
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Figure 2-1 MO SMS over NAS or MO small data LTE procedure
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Figure 2-2 MT SMS over NAS or MT small data LTE procedure
2.2.1
Impact on RAN side 

The impact on RAN2/RAN3 related specifications are the same as described in section 2.1.1. 

2.2.2
Open issues 

The concerns are also the same as described in section 2.1.1. Usage of the SMS transmission is not necessarily optimum way for the small data transfer.
2.2.3
Recommendation 
Same as 2.1.3.
2.3 
Stateless Gateway for cost efficient transmission of infrequent or frequent small data
This proposal defines a cost efficient data transmission scheme, via a stateless gateway and reduced signaling, to optimize the existing EPS procedures for delivery of infrequent short transactions. The essence is instantiating and maintaining device specific state information in the Combined GateWay (CGW) only for users actively engaged in user data transmission and eliminates signaling between the MME and CGW. The signaling procedure is exampled in Figure 3 within the context of an Attach procedure.
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Figure 3
2.3.1
Impact on RAN side 

Impact on RAN2 specifications: 

· None
Impact on RAN3 related specifications:

· eNB supporting GTP-U header extensions (S1-U) to carry uplink data to CGW;

· eNB indicating to MME the support of optimized signaling when sending NAS or HO related e.g. Attach request, S1 Setup Request or eNB Configuration update messages.

· eNB including the SGW support indication to the target eNB (X2) on X2 handover.

· MME being provisioned with a (set of) destination IP address(es) for tunneled uplink data packets for each CGW (i.e. CGW's S1-U IP addresses), and passing this IP address to the eNB during each service request procedure.  
· MME assigning to each device an uplink data TEID that is unique to each device within a given service area of an APN, and passing this uplink data TEID to the eNB during each service request procedure, e.g. via Initial Context Setup Request message.
· MME providing any additional information to the eNB that it needs to include in the first tunneled uplink data packets towards the CGW,  including the eNB transport address and TEID (as per the first main aspect), a device ID needed for charging functions on the CGW, LI indicators as needed, and location information as needed for charging or LI, during the attach request and service request procedures
· eNB sending the S1-AP Initial Context Setup Complete procedure after receipt of downlink packet from the SGW acknowledging the receipt of the UL GTP-U packet at the SGW, which implicitly informs the MME that the bearer was successfully re-activated in the SGW.
2.3.2
Open issues 

There are also some concerns related to the feasibility of the solution from RAN side:
· New functionality is required at eNB to support the optimized signaling, and the impact over S1/X2 interface before the start of the small data transfer would complicate the RAN specification to enable this proposal. 
· From RAN side, the benefit in terms of signaling optimization is quite uncertain, considering no optimization over radio interface and even some increased signaling over S1/X2.

2.3.3
Recommendation 
RAN2 does not provide recommendation because the solution does not have any impact to RAN2.
2.4 
Downlink small data transfer using RRC message
In this solution, it is proposed that the MME sends the small data to eNodeBs via S1-AP Paging message, and One-shoot-Paging procedure is used by eNodeBs to deliver the small data to the UE. The signalling procedure of is described in Figure 4, which shows two alternatives of small data transfer path within core network: transfer path via SGW/PGW and transfer path via Tsp/T5.
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Figure 4 Downlink small data transport procedure for UE in idle mode

2.4.1
Impact on RAN side 

Impact on RAN2 related specifications: 

· eNB has to buffer the small data and adding “small data flag” in Paging messages
· UE has to set the RRC establishment cause to “mo-signalling” but not “mt-access” (or to a new cause value of “mt-signalling”) upon detecting the “small data flag” in Paging message.
· eNB inhibiting the Measurement configuration procedure based on UE’s indication about small data transfer.

· eNB requires some logic to remove buffered small data packet if the UE does not response to the paging.
· eNB adds DL small data packet in the DedicatedInfoNAS IE in RRC Connection Setup message.
· UE has to request the eNB to release the RRC Connection by some mean.
Impact on RAN3 related specifications: 

· MME including a NAS PDU in S1-Paging message to eNodeB, which carries encrypted DL small data packet using NAS security.
2.4.2
Open issues 

In this solution, the DL small data may be delivered to more than one eNB as it is sent in Paging message, (i.e, all eNBs in the paging area) where the signaling overhead over S1 is the issue to be considered. 

How to avoid the duplicated DL small data transmission caused by the Paging repetition from MME needs to be considered 

UE should be able to get higher layer (e.g. on TCP layer) “ack” between RRC connection setup and RRC connection setup complete messages.

This is a partial solution only and suitable procedure should be defined for MO data transfer.

2.4.3
Recommendation 
As the solution is only for one direction while it has quite a lot of impacts to the UE and eNB, we don’t recommend to continue this solution.
2.5 
Small Data Fast Path
The solution is made possible by providing a Bearer Resource ID to the UE that represents the bearer in the SGW. The Bearer Resource ID enables the eNB to derive the SGW S1-U F-TEID. When the criterion for small data is met, the UE passes the data together with the SGW Bearer Resource ID to the eNB where it is currently camping using Uu. The eNB assembles a GTP-U packet using the F-TEID and the data and forwards the GTP-U PDU on the S1-U interface. Since all info required to assemble the GTP-U PDU is received from the UE, the eNB does not need to signal to the MME or have any UE context information. The signaling procedures for the small data initiated Uplink and Down Link transmission are shown in Figure 5-1 and Figure 5-2 respectively.
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Figure 5-1 LTE small data fast path transfer of one IP packet pair
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Figure 5-2 LTE small data fast path transfer initiated down link

2.5.1
Impact on RAN side 

Impact on RAN2 related specifications: 

· UE sends to eNB the UL IP packet which is integrity protected and encrypted, together with the SGW Bearer Resource ID on Uu . Compression is not used for the small data fast path
· eNB and UE should be pre-configured with a timer value and remove the small data fast path information at the timeout of an active fast path.

· eNB sends Paging message to UE by setting paging cause to DL small data. (MT)

· The UE sends to eNB a dummy IP packet uplink in the fast path upon detecting the small data page on Uu. If there is more than one fast path enabled bearer, a dummy IP packet is sent on each bearer (MT). 
· eNB sends to UE the small data on Uu using optimized signaling;

Impact on RAN3 related specifications: 

· MME sending Paging message to eNB by setting paging cause to DL small data. (MT)
· MME sending SGW Bearer Resource ID to eNB during the EPS bearer establishment procedure which is used to derive the SGW S1-U F-TEID.

2.5.2
Open issues 

It is worth to highlight one concern from RAN point of view:
· This solution is illustrated by stating the general principles, but the details of the Uu e.g. whether CP or UP resources are used, the content of the temporary fast path context in the eNB and congestion considerations are not elaborated. It is still a question how much benefit RAN could get depending on the design of Uu.
2.5.3
Recommendation 
Unless the details are known by RAN2, it is quite difficult to evaluate the solution. Therefore the solution is not recommended.
2.6 
Connectionless Data Transmission
Similar with the “Small Data Fast Path” solution described in 2.5, the eNB assembles a GTP-U packet using the F-TEID and the data and forwards the GTP0U PDU on the S1-U interface. All info required to assemble the GTP-U PDU is received from the UE, the eNB doesn’t need to signal to the MME or have any UE context information for active PDN connection. In this solution, an unique Connection ID is passed from UE to the RAN at PDN connection setup time or when a TAU causes a SGW relocation.  This Connection ID is unique pere UE and PDN connection for a given SGW, it enables the eNB to derive the SGW S1-U F-TEID for UL GTP-U tunnel. 
2.6.1
Impact on RAN side 

Impact on RAN2 related specifications: 

· UE passes to the RAN a Connection ID so that the RAN node can derive the SGW IP address and the uplink TEID. The UL TEID identifies in the SGW the UE and the S5/S8 TEID to be used to forward traffic to the PGW.
Impact on RAN3 related specifications: 

· MME sending the Connection ID to eNB during the PDP Connection activation procedure which is used to derive the SGW S1-U F-TEID.

· MME sending Paging message to eNB by adding a “connectionless” indication.

2.6.2
Open issues 

In similar with the small data fast path solution, a new connectionless data procedure is needed over Uu and possibly S1. But the details of the interface are not given. 
Besides, it is not clear how long eNB is supposed to store the TEID per Connection ID as UE may disappear from eNB coverage while it is in IDLE.
2.6.3
Recommendation 
Unless the details are know by RAN2, it is quite difficult to evaluate the solution. Therefore the solution is not recommended.
2.7 
Service Request signalling reduction by RRC message combining
The solution reduces the amount of over-the-air (RRC) signalling messages required in Service Request procedure, by combining the information exchanged between the UE and MME in fewer RRC messages. It consists of piggybacking the Security Mode Command exchange (2) and RRC connection recnfiguration exchange (3) into the RRC connection establishment exchange (1), and eNB retrieving the context from the MME earlier in the procedure. The signaling flow is shown in Figure 7-1. 
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Figure 7-1: Service Request with RRC combining (success) for LTE
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Figure 7-2 Service Request with RRC combining (success) for UMTS
2.7.1
Impact on RAN side for LTE 

Impact on RAN2 related specifications: 

· UE includes NAS Service Request and parameters for MME selection in RRCConnectionRequest message
· eNB includes DRB configuration and SMC parameters in the RRConnectionSetup message
· The eNB applies the partial encrypion to the required IEs in RRCConnectionSetup, using the security information received from the MME.

Impact on RAN3 related specifications: 

· eNB sending Initial UE Message with Service Request after receving RRCConnectionRequest
· MME providing the security information for partial encryption to the eNB in the Initial Context Setup Request 

2.7.2
Impact on RAN side for UMTS 

Impact on RAN2 related specifications: 

· UE includes NAS Service Request and IDNNS in RRCConnectionRequest message.
· UE responds security mode command, DRB establishment and measurement control in RRC Connection Setup Complete message
· Steps 2-7 increase the delay between RRCConnectionRequest (Step 1) and RRCConnectionSetup (Step 8). RAN WGs need to study the impact of this increased delay.
2.7.3
Open issues 

This proposal reduces the number of RRC signaling by combining the messages, however, there are still some risks:
· RRC Connection Request cannot include Service Request because of the size limitation in the UL CCCH message.

· Piggybacking the service request increases the size of RRC Connection Request message. During the Random Access procedure, there is danger that the combined RRC Connection Request message i.e. Msg3, would be lost because of unsuccessful contention Resolution. An increased size is associated with more information loss.
· It is also possible that RRC Connection request is rejected by the network. The RRC Connection Request conveyed excessive information for nothing. 
· It is not clear if UE can tolerate the delay between RRCConnectionRequest and RRCConnectionSetup as there should be S1 connection setup inbetween.

· The quantitative gain should be shown comparing to the existing solution as anyway S1 needs to be setup. Thus this solution just saves SMC + RRCConnectionReconfiguration which can be sent in the same TTI.

· In UMTS, the size of UL CCCH message is limited. Current RRC CONNECTION REQUEST Message size is already significantly large and size extension is not easy and requires implementation of extra features in UE and/or network: either Common E-DCH or larger CCCH size (which reduced the Cel size). Detailed study should be performed for CELL_UPDATE.

· In UMTS the gain of merging security mode command, DRB establishment and measurement control in RRC Connection Setup Complete message in RRC CONNECTION SETUP COMPLETE has to be shown.
2.7.4
Recommendation 
The method is not a working solution in the way it has been proposed. Extension of the connection request message would result in degraded performance and therefore the solution, as proposed by SA2, is not recommended.
2.8 
Keep the UE in connected mode
This proposal minimizes the UE state transitions by keeping the UE in connected mode. Meanwhile the signalling overhead and power consumption resulting from connected mode would be reduced.
2.8.1
Impact on RAN side 
This solution could be achieved by adjusting eNB configurations, e.g. Inactivity timer, measurement related parameters etc., which are either eNB implemenation matter or already supported by current RRC Connection Reconfiguration message. This can be done also with no impact on RAN2/RAN3 related specifications. 

2.8.2
Open issues 
There has been listed some FFS issues in the TR, e.g. how to trigger and which node decides to apply the long connected mode. A simple way is to utilize the Power Preference Indicator (PPI) that is agreed in Rel11 to indicate UEs’prefrence for power optimized configuration. Upon detecting the indication, network could configure the UE to keep it in connected mode as proposed in this solution.
The optimum trade-off between state transition and mobility (handover) signalling depends on the cell deployment (cell sizes) and UE movement related to that. Therefore, for the decision about keeping UE in connected mode for a longer time would require a prediction about the UE mobility in order to be able to assess how much handover signalling can be expected.

2.8.3
Recommendation 
This solution is already assumed from Rel-11 DDA work. However, having many UEs in CONNECTED can waste network resources, create handover related signalling and could waste UE powerif not properly configured. To make an optimal decision on when to keep the UE in CONNECTED and when in IDLE, more discussion is required in RAN2. Due to the time limitation in Rel-11 time frame, some topics are postponed like mobility or PUCCH optimization and these can be further discussed in RAN2. Hence, there are solutions with no impact to SA2.
3
Summary of the evaluation
Based on the above analysis, here is the summary of the evaluation results where the impact to RAN side in terms of the signaling efficiency as well as the specification efforts are listed for comparision. As from RAN point of view, we are expecting higher signaling efficiency while keeping the specification and implementation efforts under controlled level, it is possible to at least exclude some SA2 solutions as the first step, including Ch. 5.1.1.3.4, Ch. 5.1.1.3.6.2, Ch. 5.1.1.3.6.3 and Ch. 5.1.1.3.7.
Proposal 1: it is proposed to exclude the following SA2 solutions as the first step:
· Ch. 5.1.1.3.4, Stateless Gateway for cost efficient transmission of infrequent or frequent small data
· Ch. 5.1.1.3.6.2, Small Data Fast Path;
· Ch. 5.1.1.3.6.3, Connectionless Data Transmission
· Ch. 5.1.1.3.7, Service Request signalling reduction by RRC message combining
4
Conclusion and Proposal
It is proposed to send an LS to SA2, to inform the above evaluation of SA2 solutions and to exclude some SA2 candidate solutions from RAN point of view:

 Proposal 1: it is proposed to exclude the following SA2 solutions as the first step:

· Ch. 5.1.1.3.4, Stateless Gateway for cost efficient transmission of infrequent or frequent small data
· Ch. 5.1.1.3.6.2, Small Data Fast Path;
· Ch. 5.1.1.3.6.3, Connectionless Data Transmission
· Ch. 5.1.1.3.7, Service Request signalling reduction by RRC message combining
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