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1
Introduction 
In RAN Plenary #49 meeting, a new working item on MTC is agreed [1]. The objective of this WI is to specify the solutions to protect the core network from signalling congestion and overload for the following two scenarios:

- 
When an application requests many MTC devices to do “something” at the same time; and/or

- 
When many MTC devices are roamers and their serving network fails, then they can all move onto the local competing networks, and potentially overload the not (yet) failed network(s).
In previous RAN2 meetings, the implement of group paging for RACH overload prevention is discussed and it also relates to the CN overload scenario “requesting a group of MTC devices to receive and respond the paging message at the same time”. As paging has already been a foundational function in RAN, this paper discusses some additional considerations on group paging for MTC to provide CN and RACH overload enhancement. 
2
Discussion

2.1 Group paging
The upper layer can page the MTC devices to pull information from the device, or sent information to the device in a time-controlled management or examine whether the MTC devices are still alive. However, considering the mass deployment of MTC devices, the one-by-one paging message may consume massive system resource and introduce long paging delay and CN overload. By the way, a group based approach is used. 
A MTC device will receive an RRCConnectionRelease message from an eNB before going to idle mode. In this message, a group paging ID would be additionally assigned to the MTC devices. The MTC devices in same group will be assigned the same group paging ID which is used to calculate the paging frame (PF) and paging occurrence (PO). And on that time, the MTC devices will try to receive the paging message from eNBs. 
When paging a MTC group, the upper layer will check which tacking area(s) MTC group last registered and request associated eNBs to page that group with the group paging ID. The MTC group may register in one and more TAs where eNBs should be involved to send corresponding paging message. If paging message recording its group paging ID, the MTC device will perform RACH attempt and further request RRC connection establishment. 
Proposal 1: If group paging for MTC is agreed, it needs to consider potential RAN enhancement to protect CN from signalling congestion and overload.
2.2 Further considerations

In our opinion, three issues which affect the CN overload and RACH overload for the group paging should be further discussed:
· Which eNBs should be involved to page the MTC group?
Traditionally, the designs of tracking area (TA) are to make a trade-off between UE power consumption and network overhead. An idle UE is not required to do local registration when moving within the TA coverage. Oppositely, the upper layer may request all eNBs which are in the TA to page that UE. However, some MTC devices are always in a fixed location (like metering device) and request all eNBs in the TA to page are unnecessary. Based on this characteristic, only one eNB might be required to page those fixed MTC devices when they are in its cell coverage and this can save a lot of network signalling by reducing the negotiations between upper layer and other unnecessary eNBs. To implement this feature, there are two solutions:

(1) Configuring eNBs with multiple TAs:
In this solution, an eNB is configured to support multiple TAs which has different paging coverage and all the TA information would be broadcasted in system information. An eNB may broadcast MTC specific TA information at a new defined SIB. Based on its mobility capability, the MTC devices may choose what TA it preferred and register to upper layer when going to idle mode. After that, the upper layer could request associated eNBs to page that MTC device according to the registered TA information. This solution requires additional broadcasting and may be inefficient. 
(2) Partitioning group paging ID:
The upper layer will partition group paging ID into different sets. For example: {ID1~ID3} is for eNB1; {ID4~ID6} is for eNB2; {ID7~ID9} is for eNB3 and {ID10~ID12} is for a TA which containing eNB1, eNB2 and eNB3. Based on the reporting MTC’s mobility capability, the upper layer will assign corresponding group paging ID. When the upper layer wants to page a MTC group, it will find out which the last registered TA is and check the set of group paging ID to request associated eNBs to page the group. Therefore, the benefits from eliminating CN signalling can be achieved by excluding unnecessary eNBs during group paging. There are no additional modifications required for an eNB and H2H UEs are not influenced in this solution.  
Proposal 2: A MTC device should report its mobility capability to the upper layer. The group paging ID is partitioned into different sets and the upper layer will assign a group paging ID to MTC device based on its mobility capability. 
· How the eNB and upper layer to do when no response from the MTC group?
During legacy paging process, the upper layer may continue paging a UE until the UE made responses or a pre-defined timer (T1) expires. A UE will forward its UE identity to upper layer when responding. For responding a group paging, a MTC device may forward its UE identity to upper layer and the upper layer can examine which devices in the group did not make response. If a member did not respond, then upper layer might repeat group paging. However the duplicate message may confuse those responded MTC devices and introduce extra CN overhead. To resolve this issue, three possible options are proposed:
(I) Individual paging:

The upper layer may identify which MTC devices in the group did not respond for the group paging and consequently page them by using their individual identities. By the way, the responded MTC devices would not be affected. However, this operation would become inefficient when a lot of MTC devices did not make response. 
(II) Repeat group paging with adding an indictor:

Until all MTC devices have made responses or T1 expiring, the upper layer could repeat the group paging. An indictor would be included in the PagingRecord associated with group paging ID in the paging message to represent the group paging is duplicate. As a result, the responded MTC device can omit that paging and avoid unnecessary RACH overhead and CN overhead.
(III) Automatically ignore a group paging after response: 

Similar to option II, upper layer may repeat the group paging. Instead of adding an indictor, the responded MTC device could initiate a timer and ignore the following group paging during the defined period of time. This operation can avoid extra overhead on current paging message, but it may put restrictions on MTC application which continuous group paging for different events are forbidden. Therefore, this operation is not preferred.
Proposal 3: The upper layer can consequently do the individual paging or repeat the group paging when MTC devices did not respond for a group paging. Once repeating group paging is executed, an indictor would be added in the paging message to avoid confusion.
· How to make response for a group paging?
Normally, an UE will perform RACH attempt as soon as possible when receiving a paging message recorded with its UE-identity. However, if there are many MTC devices been assigned into a group and be paged, they may perform RACH attempt at the same time and increase the RACH collision rate. This will let CN have higher probability to continue paging (due to no successful responses from MTC devices) and increase network overhead. Limiting the number of members in a group may be a straightforward solution. As a result multiple groups are required and it might introduce more overhead for CN to manage and control. To resolve this issue, distribute RACH attempts for group paging is needed and three schemes are proposed as follows:

(A) Apply the push based RACH overload solutions:

When receiving paging message with recording it group paging ID, MTC device may perform RACH attempt with applying push based RACH overload solutions (e.g. ACB scheme, specific BO scheme). By those solutions, RACH attempts will be distributed and avoid RACH overload for the group paging. However, the disadvantage of this scheme is the latency of paging response will be longer and un-controllable. This may force group paging been hard to complete at a period of time.
(B) Instruct the RACH attempt by RRCConnectionRelease message:
In this scheme, the upper layer may instruct each MTC devices to make its RACH attempt at specified PRACH (such like giving the index of the first subframe of the specified PRACH). With the known number of expected paging response, the upper layer can offload the RACH attempts at several selected PRACHs. The instruction will be given in the RRCConnectionRelease message and sent to a MTC device before going into idle mode. Once receiving paging message with recording its group paging ID, the MTC device will make RACH attempt followed the given instruction.
(C) Instruct the RACH attempt by paging message:

When applying scheme B, each MTC device requires an individual instruction to distribute its RACH attempt and the overhead will increase as the number of MTC device increasing. Alternatively, a common parameter could be given in the PagingRecord associated with group paging ID in the paging message. By some calculations (for example, doing equation of UE identity mod N where the “N” is the given parameter and the result stands for the index of the first subframe of the specified PRACH), a MTC device could be known to make RACH attempt at the associated PRACH. With giving different parameter in the paging message, upper layer could control the response time and the overhead would be constant. 
Proposal 4: To distribute RACH attempts for group paging, a common parameter could be added in the paging message and a MTC device could acquire its associated PRACH based on the parameter. 
3
Conclusions
To protect CN and RACH from overloading, the group paging approach is suggested to support in MTC. We encourage RAN2 to consider the following proposals:
Proposal 1: If group paging for MTC is agreed, it needs to consider potential RAN enhancement to protect CN from signalling congestion and overload.
Proposal 2: A MTC device should report its mobility capability to the upper layer. The group paging ID is partitioned into different sets and the upper layer will assign a group paging ID to MTC device based on its mobility capability.   

Proposal 3: The upper layer can consequently do the individual paging or repeat the group paging when MTC devices did not respond for a group paging. Once repeating group paging is executed, an indictor would be added in the paging message to avoid confusion.
Proposal 4: To distribute RACH attempts for group paging, a common parameter could be added in the paging message and a MTC device could acquire its associated PRACH based on the parameter. 
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