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Introduction

The design of the LTE system is such that UEs are expected to remain in connected mode and hence the significant signalling overhead for idle-connected transition is not an issue for “always on” UEs. However for MDT UEs which are expected to transfer small amounts of data at a time, the transitions from idle-to-connected and back from connected-to-idle are frequent and signalling overhead on eNBs and MMEs becomes significant. SA2 has been trying to solve the problem of reducing the signalling overhead and there are several solution in TR 23.887 to reduce this signalling.
The signalling for small data transfer when the UE is in idle-mode is shown in the figure below.
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Figure 1. Existing Procedure (TS 23.401 and TS 36.331) for UE to go from idle to connected mode and back to idle for small data transfer.

As can be seen there are 14 signaling messages needed to transition the UE from idle to connected state (A->D)
· UE and eNB: 


9 message
· UE and MME (via eNB): 

1 message
· eNB and MME: 

2 messages
· MME and SGW:

2 messages
Total  messages with MME

5 messages
There are 6 messages required to turn the UE from connected to idle state: (D->E)
· UE and eNB: 


1 message
· UE and MME (via eNB): 

0 message
· eNB and MME: 

3 messages
· MME and SGW:

2 messages
· Total messages with MME

5 messages

Though there is significant amount of RRC signalling between the UE and the eNB, the RRC signalling sequence has been designed by the RAN groups for the peculiarities of the air-interface (random access then small signalling message then big signalling message and finally data transfer). It is RAN groups work to try to identify if optimizations can be achieved for limiting the RAN signalling. One thing to bear is mind is that the number of eNBs is expected to be large and an eNB serves a limited area and not a very large number of UEs. (This situation is different for UMTS, where an RNC which terminates RRC serves a large number of NBs and hence RRC optimizations for UMTS is of higher importance). 
MME, on the other hand, typically serves a large number of eNBs and hence a very large number of UEs. Thus, the signalling and processing load on an MME for SDT from idle-mode is huge. It is this signalling load on the MME which needs to be reduced. There are five messages with the MME for both the case when UE transitions to the connected mode and another five when the UE transitions to the idle mode. Moreover, in the two transactions at both the idle to connected mode transition (to eNB: Initial Context Setup Request/Response; to SGW: Modify bearer request/response), the MME acts as a client in a client-server transaction. This is more processing intensive as the MME needs to start timers and wait for response and may need to retry.
In this contribution, we propose a solution that reduces the signalling and processing required in the MME when SDT occurs with an idle UE. 
The main concepts behind the solution to reduce idle-to-connected and connected-to-idle signalling with MME for SDT are:

- No NAS signalling between the UE and the MME. UE is still in EMM-IDLE state when transferring SDT.
- No Step 7.

- MME, typically, does not provide UE context to the eNB (eNB caches this information).

- No Step 7,8, 13 (idle -> active)

- No Step 18, 19, 20 (active -> idle)

- S1-U setup and tear-down signalling occurs piggy-backed in GTP-U directly between the eNB and SGW, without signalling via the MME

- No steps 14, 15 (idle -> active)

- No steps 22, 23 (active -> idle)
The Signalling-Lite SDT Procedure
The Signalling-Lite SDT Procedure is used to setup an EPS bearer for small data transfer when the UE is in idle mode without setting up the NAS connection between the UE and the MME. The procedure sets up a single EPS bearer for a short duration of time (tens of seconds) required for SDT. The procedure is initiated by UE based on eg. UE configuration (low-latency configuration), with the UE sending an RRC message for SDT request to the eNB. The request is to setup a single EPS bearer. The eNB either has the required UE’s context cached or requests the MME for UE’s context (including Kenb). The S1-U bearer is setup  between the eNB and SGW without signalling via the MME.  The eNB terminates the SDT mode by releasing the DRB and the S1-U bearer by direct signalling.. 
In case the UE needs to be handed over during the SDT mode or other reasons that may require MME interaction, the eNB pages the UE which results in the UE initiating the Service request procedure that setups the NAS connection. If during the SDT mode a downlink packet arrives at the SGW for a bearer that does not have a corresponding S1-U bearer setup, the SGW requests the MME to page the UE using the existing Network initiated Service Request procedure. As part of this procedure, all the UE’s EPS bearers are setup and the UE also has a NAS connection with the MME (EMM-CONNECTED).     
Informing the UE about Network support of SL-SDT Procedure
The SL-SDT procedure requires the eNB, MME and SGW to support additional functionality. Hence, for the UE to request the network to initiate the SL-SDT procedure, the UE should be informed about the network’s support of this procedure. The UE is informed about the network’s support of this procedure, by the MME including an indication of the support of this procedure in Attach accept and in TAU accept messages. The support of this procedure should typically be PLMN wide. However, for gradual deployment of this feature, the support should be atleast at the granularity of TAI-list, i.e all MMEs, SGW and eNBs should support this feature in all the TAIs provided to the UE in the TAI-list. 
UE initiated SDT Request
The procedure below is used by the UE in idle mode to request setup of SDT mode. The steps or IEs in red below are new compared to existing procedures in TS 23.401. The procedure below also shows the signalling required to transition from SDT mode to idle mode.
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 Figure 2. (Flow-1) UE initiated SDT Request.

0.
In Attach/TAU accept, the UE is informed of the network’s support of the SDT mode.
A.    UE is in the idle mode. eNB caches the UE’s context
1.
UE determines that it needs to transmit small amount of data either based on UE configuration (eg. low access priority) or based on the application in the UE. 
2.
Random access channel preamble is sent by the UE
3.
Random access channel acknowledgement
4.
The UE sends RRC Connection Request. It includes its S-TMSI and establishment cause is “mobile originating data”.

5.
The eNB sends RRC Connection Setup. Now SRB1 is setup and the acknowledge mode is used for further RRC signalling.
6.
The UE sends RRC Connection Setup Complete on SRB1.  In this message, the UE also includes in a new IE the identity of the EPS bearer that it wants to setup.  The UE sends this message integrity protected using KeNB.  The eNB checks if it has cached context for S-TMSI+Bearer_ID and if the integrity check matches. If both these conditions are met, steps 7 through 10 are skipped.

7.
If the eNB does not have cached context information for the corresponding S-TMSI and EPS Bearer Identity or the integrity check fails, the eNB sends a UE Context Request (S-TMSI, EPS Bearer Id,) to the MME. 

8.
The MME responds by providing the EPS bearer context and the KeNB by sending the UE Context Response (S-TMSI, EPS Bearer Context, KeNB, UE Radio Capabilities, UE Paging Info) . The MME generates KeNB based on Kasme and stored value of NAS uplink count.  The UE’s radio capabilities are also provided to the eNB. The UE paging information (IMSI mod 1024, UE DRX period, etc.) enables the eNB the page the UE when needed without interacting with the MME. 

9.
If the integrity check of the UE’s message in Step-6 was not successful, the eNB performs the AS security mode command with the UE. The security mode command is integrity protected using KeNB.

The UE on receiving the security mode command checks the integrity based on either the cached value of KeNB, or if that fails, based on generating a new KeNB using the latest value of NAS_UL_COUNT. 

10.
If the integrity check in the previous step succeeds, the UE responds with Security Mode complete. This message is integrity protected.  

11.
The eNB sends RRC Connection Reconfiguration to setup the data radio bearer corresponding to the EPS Bearer identity sent by the UE in Step-6. 
12.
The UE responds with RRC Connection Reconfiguration complete.

13.
The UE sends the first IP packet on the DRB.

14.
The eNB send the DL eNB F-TEID to the SGW along with the first packet to the SGW. The SGW F-TEID was part of the EPS Bearer Context provided by the MME to the eNB in Step 8..

14b. The SGW responds by sending a dummy IP packet and an ack flag.

15.
Small Data Transfer occurs in both UL and DL direction.

16.
Based on timer, the eNB decides to end the SDT mode. 

17.
The eNB send a dummy IP packet to the SGW and a flag to indicate that the GTP-U tunnel for this TEID should be removed.

17b. The SGW responds by sending a dummy IP packet and an ack flag.

18. The eNB also releases the RRC Connection with the UE. Step 17 and 18 occur in parallel.
Network triggered SDT mode
The procedure below is when packet arrives at the SGW for a UE in idle-mode and the UE then decides to initiate the SDT mode. The steps in red below are new compared to existing procedures in TS 23.401.
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Figure 3. Network Triggered SDT mode.
0.
In Attach/TAU accept, the UE is informed of the network’s support of the SDT mode.

A.    UE is in the idle mode.

1.
DL IP packet arrives for the UE in the SGW.

2.
Since there is no S1-U tunnel for the UE, the SGW sends a Downlink Data Notification (DDN) to the MME. 

3.
The MME sends page messages to all eNBs in the tracking area of the UE. The MME includes the S-TMSI of the UE.

4.
The eNB pages the UE using the S-TMSI.

5.
The UE determines that the packet from the network would trigger small data transfer. This can be based on the application that is running on the UE or the configuration of the UE.

6.
Steps 2-12 from Flow-1 occur. The UE is in RRC-Connected State.

7.
On receiving the RRC Connection Reconfiguration Complete message (Flow-1 Step 12), the eNB send the DL eNB F-TEID to the SGW along with a dummy IP packet. 

7b. The SGW responds by sending the IP packet for the UE that arrived in Step 1 and an ack flag. The ack flag indicates to the eNB that the tunnel has been setup.

8.
The SGW sends a DDN complete to the MME, to let the MME know that the UE has responded and user-plane has been setup. The MME notes that the paging procedure is successful.
9.
Small Data Transfer occurs in both UL and DL direction

10.
Based on timer, the eNB decides to end the SDT mode. 

12.
Steps 17-18 from Flow-1 occur.
eNB triggered UE transition to EMM-CONNECTED from SDT Mode 
This procedure covers the case when eNB decides during the SDT mode that the UE should setup NAS connection (i.e go to EMM-CONNECTED) state, for example when the eNB determines that the UE should be handed over to another eNB during SDT Mode.
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Figure 4. eNB triggered transition to EMM-CONNECTED from SDT mode.

0.
In Attach/TAU accept, the UE is informed of the network’s support of SDT mode.

A.    UE is in the idle mode.

1.
UE determines that it has to transmit small amount of data.  

2.
Steps 2-14 from Flow-1 occur. The UE is in RRC-Connected /EMM-Idle state.

3.
Small Data Transfer occurs in both UL and DL direction. Only one EPS bearer (say EPS Bearer ID-1) is setup for small data transfer 

4a.  DL IP Packet arrives at the SGW for an EPS bearer that is not being used for small data transfer, say EPS-Bearer-ID-2).  There is no S1-U bearer for EPS-Bearer-ID-2.

4b. Since the SGW has an S1-I bearer  for EPS Bearer ID-1, the SGW sends a Dummy IP Packet along with a flag in the GTP-U header to state that the eNB should request the UE to perform NAS service request.

4c. Alternatively, the eNB may decide that the UE should setup NAS  connection, eg incase the UE should be handed over to a new cell.

5.
The eNB sends a page message to the UE based on the UE context information that was provided by the MME. 

6.
The UE performs UE Initiated Service Request Procedure from 23.401.  At the end of this state, the UE is in connected-state (RRC-Connected/EMM-Connected) and all EPS Bearers are setup for the UE.

Impacts on existing nodes

UE

-
Request setup of the SDT mode.
-
Cache the latest AS security context (KeNB, encryption & integrity protection algorithms) during idle-mode

eNB

-
Cache UE context when UE goes idle. The decision to cache the context is an eNB decision eg. based on UE’s previous transfers.

-
 Support a procedure to request the UE’s context from MME when the eNB does not have the context cached or AS security keys has changed.

-
Support in-band setup and teardown of S1-U tunnels. 
MME

-
Provide (limited) UE context to the eNB. Generate KeNB based on stored value of NAS_UL_COUNT
SGW

-
Support in-band setup and teardown of S1-U tunnels.

-
Support sending DDN complete to the MME, if the S1 GTP-U bearer is setup “on-path”.
Evaluation of the Solution

Benefits

-
Significantly reduces MME-related signaling for transitions from idle to connected and back to idle mode for  small data transmission.

-
The blue numbers are for existing procedure for service request and the red on based on the above solution. Italics are used for messages via the MME. 
-
To transition the UE from idle to connected.
· UE and eNB: 

9 message, 
9 messages 
· UE and MME (via eNB): 
1 message
0 message 
· eNB and MME: 

2 messages 
0 messages (optionally 2 messages)
· MME and SGW:

2 messages 
0 messages
· eNB and SGW

0 messages    
2 messages


TOTAL

14 messages  　11 messages



TOTAL (MME related)
5  messages   　0 messages (optionally 2)
· To transition the UE from connected to idle state
· UE and eNB: 

1 message  
1 message
· UE and MME (via eNB): 
0 message 
0 message
· eNB and MME: 

3 messages 
0 message
· MME and SGW:

2 messages
0 message
· eNB and SGW:

0 messages
2 messages



TOTAL

6 messages
3 message



TOTAL (MME related)
5 messages
0 messages
-
Can also be used for frequent small data transmission, hence do not need to keep the UE in connected mode.
-
Has minimal impacts on the RRC procedures (a new IE in RRCConnectionSetupComplete) and NAS procedures.

Drawbacks

-
Impacts on SGW, MME/SGSN, UE, eNB/RNC
Annex : Discussion of security considerations for the proposal

One of the highlights of the proposal is caching and the re-use of KeNB in the UE and the eNB when the UE initiates the SDT mode at the same eNB where it last performed data transfer.

In this section, we discuss the feasibility of this approach. The details of the security considerations will need to be evaluated in SA3.

Existing Specs: KeNB derivation at Service Request 

Based on 33.401, Section 7.2.6, the following flow provides the security overview of KeNB derivation during the Service Request procedure. 
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Figure 5. AS and NAS security during Service Request Procedure.

The key point to note here is that during Service Request a new KeNB is generated by the MME and provided to the eNB in the Initial Context Setup Request message.  The KeNB is derived based on two parameters

-
Kasme

-
NAS_UL_COUNT: the NAS sequence number of the service request message sent by the UE.

KeNB derivation considerations for SL-SDT Procedure

In the SL-SDT proposal, to initiate the SDT mode, the UE does not send a NAS message, but only sends AS message which is integrity protected based on cached value of KeNB. 

For the SL-SDT proposal the following are some security related considerations:

-
The UE may have moved to a new cell which could be under a new eNB. In this case the eNB will not have KeNB. Hence, in Flow-1, when eNB receives message 6 (UE sends RRC Connection Complete which is integrity protected with KeNB), the integrity check will fail and the eNB will request the MME for KeNB (step 7). The Kenb that the MME will provide will be based on the stored value of NAS_UL_COUNT. The KeNB provided by the MME may be different than the one used by the UE. This is the case when the UE performed a TAU without active flag. In such a case, according to 33.401, the UE does not generate KeNB. To ensure that the UE and the eNB use the same KeNB value, the UE should perform integrity check of the security mode command sent by the eNB by generating a new KeNB value and not just the cached value of KeNB.

-
In several scenarios (meter reading), the UE may not be mobile and continue to perform the SL-SDT procedure using the same value of KeNB. PDCP_UL_COUNT and PDCP_DL_COUNT value used for AS security. In 36.331 Section 5.3.1.2, it is stated that:

The eNB is responsible for avoiding reuse of the COUNT with the same RB identity and with the same KeNB, e.g. due to the transfer of large volumes of data, release and establishment of new RBs. In order to avoid such re-use, the eNB may e.g. use different RB identities for successive RB establishments, trigger an intra cell handover or an RRC_CONNECTED to RRC_IDLE to RRC_CONNECTED transition.


Hence, as stated above the eNB should use a different value of drb-bearerIdentity, since the KeNB may not change between successive SL-SDT procedures.
Proposal
It is proposed to add the above solution to TR 23.887.

5.1.1.3
Solutions
5.1.1.3.X The Signalling-Lite SDT Procedure
5.1.1.3.X.1
General
The Signalling-Lite SDT Procedure is used to setup an EPS bearer for small data transfer when the UE is in idle mode without setting up the NAS connection between the UE and the MME. The procedure sets up a single EPS bearer for a short duration of time (tens of seconds) required for SDT. The procedure is initiated by UE based on eg. UE configuration (low-latency configuration), with the UE sending an RRC message for SDT request to the eNB. The request is to setup a single EPS bearer. The eNB either has the required UE’s context cached or requests the MME for UE’s context (including Kenb). The S1-U bearer is setup  between the eNB and SGW without signalling via the MME.  The eNB terminates the SDT mode by releasing the DRB and the S1-U bearer by direct signalling.. 

In case the UE needs to be handed over during the SDT mode or other reasons that may require MME interaction, the eNB pages the UE which results in the UE initiating the Service request procedure that setups the NAS connection. If during the SDT mode a downlink packet arrives at the SGW for a bearer that does not have a corresponding S1-U bearer setup, the SGW requests the MME to page the UE using the existing Network initiated Service Request procedure. As part of this procedure, all the UE’s EPS bearers are setup and the UE also has a NAS connection with the MME (EMM-CONNECTED).     
5.1.1.3.X.2
Informing the UE about Network support of SL-SDT Procedure

The SL-SDT procedure requires the eNB, MME and SGW to support additional functionality. Hence, for the UE to request the network to initiate the SL-SDT procedure, the UE should be informed about the network’s support of this procedure. The UE is informed about the network’s support of this procedure, by the MME including an indication of the support of this procedure in Attach accept and in TAU accept messages. The support of this procedure should typically be PLMN wide. However, for gradual deployment of this feature, the support should be atleast at the granularity of TAI-list, i.e all MMEs, SGW and eNBs should support this feature in all the TAIs provided to the UE in the TAI-list. 

5.1.1.3.X.3
Procedures

5.1.1.3.X.3.1 
UE initiated SDT Request

The procedure below is used by the UE in idle mode to request setup of SDT mode. The steps or IEs in red below are new compared to existing procedures in TS 23.401. The procedure below also shows the signalling required to transition from SDT mode to idle mode.
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 Figure 2. (Flow-1) UE initiated SDT Request.

0.
In Attach/TAU accept, the UE is informed of the network’s support of the SDT mode.

A.    UE is in the idle mode. eNB caches the UE’s context

1.
UE determines that it needs to transmit small amount of data either based on UE configuration (eg. low access priority) or based on the application in the UE. 

2.
Random access channel preamble is sent by the UE

3.
Random access channel acknowledgement

4.
The UE sends RRC Connection Request. It includes its S-TMSI and establishment cause is “mobile originating data”.

5.
The eNB sends RRC Connection Setup. Now SRB1 is setup and the acknowledge mode is used for further RRC signalling.

6.
The UE sends RRC Connection Setup Complete on SRB1.  In this message, the UE also includes in a new IE the identity of the EPS bearer that it wants to setup.  The UE sends this message integrity protected using KeNB.  The eNB checks if it has cached context for S-TMSI+Bearer_ID and if the integrity check matches. If both these conditions are met, steps 7 through 10 are skipped.

7.
If the eNB does not have cached context information for the corresponding S-TMSI and EPS Bearer Identity or the integrity check fails, the eNB sends a UE Context Request (S-TMSI, EPS Bearer Id,) to the MME. 

8.
The MME responds by providing the EPS bearer context and the KeNB by sending the UE Context Response (S-TMSI, EPS Bearer Context, KeNB, UE Radio Capabilities, UE Paging Info) . The MME generates KeNB based on Kasme and stored value of NAS uplink count.  The UE’s radio capabilities are also provided to the eNB. The UE paging information (IMSI mod 1024, UE DRX period, etc.) enables the eNB the page the UE when needed without interacting with the MME. 

9.
If the integrity check of the UE’s message in Step-6 was not successful, the eNB performs the AS security mode command with the UE. The security mode command is integrity protected using KeNB.


The UE on receiving the security mode command checks the integrity based on either the cached value of KeNB, or if that fails, based on generating a new KeNB using the latest value of NAS_UL_COUNT. 

10.
If the integrity check in the previous step succeeds, the UE responds with Security Mode complete. This message is integrity protected.  

11.
The eNB sends RRC Connection Reconfiguration to setup the data radio bearer corresponding to the EPS Bearer identity sent by the UE in Step-6. 

12.
The UE responds with RRC Connection Reconfiguration complete.

13.
The UE sends the first IP packet on the DRB.

14.
The eNB send the DL eNB F-TEID to the SGW along with the first packet to the SGW. The SGW F-TEID was part of the EPS Bearer Context provided by the MME to the eNB in Step 8..

14b. The SGW responds by sending a dummy IP packet and an ack flag.

15.
Small Data Transfer occurs in both UL and DL direction.

16.
Based on timer, the eNB decides to end the SDT mode. 

17.
The eNB send a dummy IP packet to the SGW and a flag to indicate that the GTP-U tunnel for this TEID should be removed.

17b. The SGW responds by sending a dummy IP packet and an ack flag.

18. The eNB also releases the RRC Connection with the UE. Step 17 and 18 occur in parallel.

5.1.1.3.X.3.2
Network triggered SDT mode

The procedure below is when packet arrives at the SGW for a UE in idle-mode and the UE then decides to initiate the SDT mode. The steps in red below are new compared to existing procedures in TS 23.401.
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Figure 3. Network Triggered SDT mode.

0.
In Attach/TAU accept, the UE is informed of the network’s support of the SDT mode.

A.    UE is in the idle mode.

1.
DL IP packet arrives for the UE in the SGW.

2.
Since there is no S1-U tunnel for the UE, the SGW sends a Downlink Data Notification (DDN) to the MME. 

3.
The MME sends page messages to all eNBs in the tracking area of the UE. The MME includes the S-TMSI of the UE.

4.
The eNB pages the UE using the S-TMSI.

5.
The UE determines that the packet from the network would trigger small data transfer. This can be based on the application that is running on the UE or the configuration of the UE.

6.
Steps 2-12 from Flow-1 occur. The UE is in RRC-Connected State.

7.
On receiving the RRC Connection Reconfiguration Complete message (Flow-1 Step 12), the eNB send the DL eNB F-TEID to the SGW along with a dummy IP packet. 

7b. The SGW responds by sending the IP packet for the UE that arrived in Step 1 and an ack flag. The ack flag indicates to the eNB that the tunnel has been setup.

8.
The SGW sends a DDN complete to the MME, to let the MME know that the UE has responded and user-plane has been setup. The MME notes that the paging procedure is successful.

9.
Small Data Transfer occurs in both UL and DL direction

10.
Based on timer, the eNB decides to end the SDT mode. 

12.
Steps 17-18 from Flow-1 occur.

5.1.1.3.X.3.3.
eNB triggered UE transition to EMM-CONNECTED from SDT Mode 

This procedure covers the case when eNB decides during the SDT mode that the UE should setup NAS connection (i.e go to EMM-CONNECTED) state, for example when the eNB determines that the UE should be handed over to another eNB during SDT Mode.
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Figure 4. eNB triggered transition to EMM-CONNECTED from SDT mode.

0.
In Attach/TAU accept, the UE is informed of the network’s support of SDT mode.

A.    UE is in the idle mode.

1.
UE determines that it has to transmit small amount of data.  

2.
Steps 2-14 from Flow-1 occur. The UE is in RRC-Connected /EMM-Idle state.

3.
Small Data Transfer occurs in both UL and DL direction. Only one EPS bearer (say EPS Bearer ID-1) is setup for small data transfer 

4a.  DL IP Packet arrives at the SGW for an EPS bearer that is not being used for small data transfer, say EPS-Bearer-ID-2).  There is no S1-U bearer for EPS-Bearer-ID-2.

4b. Since the SGW has an S1-I bearer  for EPS Bearer ID-1, the SGW sends a Dummy IP Packet along with a flag in the GTP-U header to state that the eNB should request the UE to perform NAS service request.

4c. Alternatively, the eNB may decide that the UE should setup NAS  connection, eg incase the UE should be handed over to a new cell.

5.
The eNB sends a page message to the UE based on the UE context information that was provided by the MME. 

6.
The UE performs UE Initiated Service Request Procedure from 23.401.  At the end of this state, the UE is in connected-state (RRC-Connected/EMM-Connected) and all EPS Bearers are setup for the UE.

5.1.1.3.X.4 
Impacts on existing nodes

UE

-
Request setup of the SDT mode.

-
Cache the latest AS security context (KeNB, encryption & integrity protection algorithms) during idle-mode

eNB

-
Cache UE context when UE goes idle. The decision to cache the context is an eNB decision eg. based on UE’s previous transfers.

-
 Support a procedure to request the UE’s context from MME when the eNB does not have the context cached or AS security keys has changed.

-
Support in-band setup and teardown of S1-U tunnels. 

MME

-
Provide (limited) UE context to the eNB. Generate KeNB based on stored value of NAS_UL_COUNT

SGW

-
Support in-band setup and teardown of S1-U tunnels.

-
Support sending DDN complete to the MME, if the S1 GTP-U bearer is setup “on-path”.

5.1.1.3.X.5
Evaluation of the Solution

Benefits

-
Significantly reduces MME-related signaling for transitions from idle to connected and back to idle mode for  small data transmission.

-
Can also be used for frequent small data transmission, hence do not need to keep the UE in connected mode.

-
Has minimal impacts on the RRC procedures (a new IE in RRCConnectionSetupComplete) and NAS procedures.

Drawbacks

-
Impacts on SGW, MME/SGSN, UE, eNB/RNC
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