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Abstract of the contribution: Proposed group based message delivery via MME for IoT devices. Key Issue 4.
Introduction
Many IoT devices are likely to be deployed with a power saving function, such as extended idle mode DRX cycle (i.e. extended discontinuous reception) or PSM (Power Saving Mode), to increase battery life. Similar  type of IoT devices in a geographical area will need to be instructed in a similar manner. This will require sending the same application layer message to a large group of similar IoT UEs (using power saving function.)  

For example:  triggering a set of IoT devices to contact an application in the network, instructing a set of IoT devices to shutdown, instructing a set of IoT devices to turn on logging info, tuning configuration (like turning on street lights at different times), sending instructions to these devices to wake up at the same time, etc.

An efficient solution to address sending group messages is needed.
Key issue 4 in 3GPP TR 23.730 identifies MBMS as the foreseen architecture for group message delivery. However, the support of MBMS is optional for CIoT UE, and MBMS services might not be deployed in the whole coverage area. That's why we propose to consider also an alternative solution for group NIDD to be used in those cases when MBMS for some reason is not applicable. 
Discussion
Current state analysis

1. Mobile Terminated NIDD procedure:

Today, SCEF uses the “Mobile Terminated NIDD procedure“ as described in section 5.13.3 of 3GPP TS 23.682 v14.0.0. The specified procedure is designed for sending the message to a single UE. SCEF repeats the same procedure per UE when the message has to be sent to a number of UEs in a group. 

The following sequence from the 3GPP spec is for supporting UEs in extended DRX mode for sending a message per UE:
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With this existing method (as represented in the sequence diagram above) a large number of messages needs to be exchanged between the SCS/AS and the SCEF, between the SCEF and HSS, and between the SCEF and the MME when the application layer message needs to be sent to a large number of UEs. This causes extensive signaling for group based message delivery.

2. Group Message Delivery mechanism based on MBMS:

TS 23.682 (subclauses 4.5.5 and 5.5.1) specifies a Group Message Delivery mechanism based on MBMS. But this solution has a limited applicability as indicated in TS 23.682:  

"The group message delivery using MBMS has limited applicability and does not support all the scenarios, e.g. UEs not supporting MBMS, UEs located in areas where MBMS is not deployed."

Besides, this solution does not consider either UEs using a power saving function, and being not pageable for a very long time, or UEs in NB-IoT access (for which MBMS is not supported in 3GPP yet, see subclause 4.10 of 3GPP TS 36.300).
This solution is not intended as replacement of MBMS based solutions, but complementary. If big data needs to be broadcast to multiple eDRX UEs, this method could be used to inform eDRX UEs to wake up at the same time to receive MBMS broadcast. 
New Solution Proposal

The proposed solution specifies a new group based message delivery mechanism between the SCEF and the MME, and more generally between the SCEF and MME, SGSN.  The solution allows to 

a. send the application layer message only once between the SCEF and the MME, which drastically minimizes the number of message exchanges between the SCEF and HSS and between the SCEF and MME

b.  take into account any power saving function each UE of the group may be using.

For example: If an application layer message needs to be sent to 1000 UEs 

The existing mechanism requires: 1000x5 messages between the SCEF and MME, and 1000 messages between the SCEF and HSS.

The new solution requires only 3 messages.  
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The Group-based Delivery Request may take the form of a NIDD-Submit Request message or may be a new message over T6a. 

Handling of non stationary CIoT devices 

The group delivery mechanism needs to be able to send the same instructions (i.e., message) to similar CIoT devices in a geographical area. MME can cover quite a large area and even a non stationary device moving from one MME to another is not that common.  So to keep the implementation simple, it could be left to the application initiating the message to determine which UEs have received the message and handle failures appropriately.

This proposal offers a practical solution to optimise the network interfaces for multicast. The drawbacks are quite limited and it provides the needed functionality without the complexity and is recommended as way forward. 

With this proposal:
· the network reports the UEs that have received the message, 

· there is no guarantee that the UE will not receive duplicate messages, 

· the MME just attempts to deliver the message to UEs that it has under its control, and 

· the new MME will always report the groups of a new UE to the SCEF, 

· then the AS can handle any retransmissions. The network should need not attempt to avoid duplicate transmissions to a UE due to mobility.

Conclusion

The originators propose to add the following candidate solution to 3GPP TR 23.730 for group delivery for those cases when MBMS is not applicable. 
Proposed addition to 3GPP TR 23.730
6.X
Solution A: Group NIDD without MBMS
6.X.1
Description

6.X.1.1
General

The proposed solution specifies a group based message delivery mechanism between the SCEF and the MME, and more generally between the SCEF and MME, SGSN.  The solution considers also UE power saving methods that some of the affected UEs may be using. 

6.X.1.2
Procedure
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Figure 6.X.1.2-1: Group NIDD without MBMS
1) Application Server (AS) sends to the SCS/SCEF a common application layer message along with the application level identification of the group of the recipient UEs. 

2) After receiving this message from the AS, the SCEF maps the received application level group ID of the UEs (that is defined between the AS and the SCS/SCEF) to the corresponding network level group ID of the UEs that it has previously received from the MME (during the establishment of the T6a connection between the MME and SCEF) or from the HSS.  The SCEF sends to the MME the received common application layer message along with the group ID of the recipient UEs.

3) MME acknowledges the receipt of this message to the SCEF with an optional indication on how long it is expected to take to send the messages to all the UE in the group (considering when the UEs using a power saving function will become reachable).

4) MME shall take one of the following actions for each of the UE in the group:
a) If UE is in ECM-CONNECTED then MME sends the message to the UE;
b) If UE is in ECM-IDLE and is not using a power saving function, then MME pages and delivers the message to the UE
c) If UE is in ECM-ILDE and is using a power saving function (e.g. using eDRX), then MME pages the UE at the next paging occasion determined by eDRX, or waits for the UE to be reachable after PSM sleep cycle, and then delivers the message to the UE at the earliest opportunity
NOTE 1:
The MME obtains the Group ID(s) to which a particular UE pertains as part of the subscription data downloaded from the HSS when the UE registers to the network. 

5) Upon receiving the Paging message, the UE sends a Service Request (paging response) message to the MME.

6) Upon receiving the Service Request, the MME sends the application layer message to the UE using Non-Access Stratum (NAS) function.

7) This process may take several minutes based on the reachability time of all the UEs in the group, e.g. based on the maximum eDRX cycle. After attempting to send the message to all the UE of the group, MME sends to SCEF the list of UEs to whom the message was delivered. The SCEF may then indicate this back to the AS and the AS can then determine if the message needs to be retransmitted by other means.

NOTE 2:
If, in step 4, the MME determines that the destination UEs are currently NOT using a power saving function, then the MME sends a paging message to each of the Member UEs, paging it in a way that it does not overload the (radio) network.  The rest of the call-flow for an UE (including UE sending the Service message and MME sending the application layer message) is identical to the call-flow described above.
6.X.2
Impacts on existing nodes and functionality

MME: 
- Awareness of UE groups 
- Receiving and buffering DL NIDD until the UEs can be paged

- Returning the outcome of the group DL NIDD to SCEF
SCEF: 
- Awareness of UE groups


- Capability to send DL group NIDD

- Communication of the outcome of the procedure to SCS/AS
6.X.3
Solution Evaluation
This solution minimises the NIDD signalling between SCEF and HSS and between SCEF and MME.
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