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Discussion and decision
1. Introduction
In RAN Plenary #43 meeting, the study item “RAN improvements of Machine Type Communication” has been agreed. The target of the study item is to improve the efficiency in RAN to handle machine type communication (MTC). 
In general speaking, the population of MTC devices is larger than that of H2H devices, the signalling congestion and overloading can easily occur and may effect the normal H2H communication. To prevent the effect from MTC, the research on RAN overload control shall be seen as the first priority in RAN2 and it was agreed at the RAN2 #69bis meeting.
Based on this, in the recent RAN2 meetings, several proposals have been studied to address the RAN overload caused by MTC devices at random access procedure. Most of these suggested solutions are AC barring based or backoff based schemes and they also have been mentioned in legacy specification, like AC barring scheme in TS 36331.910[1] and backoff based schemes in contention resolution scheme in TS 36331.910[1]. 
This contribution briefly discusses whether the original AC barring scheme and backoff based scheme in legacy specification is suitable to address the RAN overload issues and related modification is proposed.
2. Discussion
2.1 Backoff scheme
In Rel-9[2], backoff scheme is used to reduce the PRACH congestion by distributing and delaying the UE access attempts. The general procedure is as follow description. After transmitting random preamble, the UE will monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI. The RA-RNTI is computed as:

RA-RNTI= 1 + t_id+10*f_id  ----------(1)
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
Based on the RA-RNTI, UE can find a MAC PDU in PDSCH contains the corresponding RAR. Figure1 is an example of MAC PDU consisting of a MAC header and MAC RARs.
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Figure1: Example of MAC PDU consisting of a MAC header and MAC RARs [2]

In Rel-9 [2], it also describes that “A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except for the Backoff Indicator subheader. If included, the Backoff Indicator subheader is only included once and is the first subheader included within the MAC PDU header.”
Based on the above description, each MAC PDU at most consist one Backoff Indicator subheader and each UEs transmitted the preamble at the same specified PRACH will use the same RA-RNTI by equation (1) to find the MAC PDU contains their corresponding RAR. It means that UE’s random access at the same specificied PRACH will associate with the same Backoff Indicator and unable to make differentiation. This characteristic will be not suitable to address the RACH overload caused by MTC.
When we use the backoff scheme to resolve the RACH overload caused by MTC, we expect that the MTC devices use different backoff window from H2H devices can reduce the RACH overload by [3][4]. In that way, MTC devices could distribute and delay the access attempts to avoid contention PRACH with the H2H devices. But in the original backoff scheme design in Rel-9 [2], the UEs will be assigned the same backoff indication, if they transmitted the preamble at the same PRACH. Based on this, the original backoff scheme needs to be modified to allocate different backoff window to the MTC devices from H2H devices.
Proposal 1: The original backoff scheme needs modifications to allocate different backoff window to the MTC devices from H2H devices.
2.2 Access Class Barring (ACB) scheme
In Rel-9 [2], Access Class Barring (ACB) scheme can mitigate RACH congestion by reducing the number of UE accesses. In TS 36331.910 [1], the related parameters about ACB scheme are located at SIB2, like ac-BarringFactor and ac-BarringTime…etc. That means the ACB parameters is a kind of system information, and it has some extent restrictions. Based on these restrictions, we can discover that the original ACB scheme is not efficient enough to resolve the RACH overload problem. Following are two restrictions.
1. System information only be allowed to change at Modification Period Boundary :
When the RAN overload conditions are met the related resolution methods should mitigate the overload immediately. If we used the original ACB scheme, it will be hard to satisfy this requirement. Since modifications to system information (i.e., ACB parameters) are currently allowed only at Modification Period Boundary (MPB). Once eNB detects the overload, it can not reconfigure the ACB parameters to change the behavior of MTC device to resolute the overload until the next MPB. The length of MPB will affect the eNB to handle the RAN overloading problem.
Proposal 2: It needs to consider that how to immediately reconfigure the ACB parameters to resolve the RAN overload. 
2. SIB2 is a broadcast message :
Since the ACB parameters are broadcasted by SIB2, however different parameters need to be specified for different kinds of UE (MTC or H2H device) when using ACB scheme to resolve the RAN overloading problem. Therefore, putting the related ACB parameters in the SIB2 is not efficient. To improve the resource utilization, how to assign ACB parameters is an important issue, when we consider using the ACB scheme to resolve the RAN overload.
Proposal 3: To improve the resource utilization, how to assign the related ACB parameters to MTC device need to be considered.
2.3 Specific parameter assignment for MTC devices
An eNB can determine whether to use the MTC specific scheme (like specific BO scheme or ACB scheme…etc) based on the current PRACH congestion state. If the PRACH was not overloaded yet, MTC devices could use the same parameter value as H2H devices to perform RACH procedure. Once PRACH overloading conditions are met, the eNB will indicate MTC devices to use the MTC specific scheme by setting up the reserved bit in BI subheader and put additional command message (MTC command, M-COM) after the last RAR in the MAC PDU. When the reserved bit is set, except decoding its associated MAC RAR, the MTC device would further decode the MTC command message (M-COM) to explore the MTC specific parameters. 
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Figure 2, an example of M-RAR

The eNB may assign different M-COM based on different MTC priority class and corresponding MTC specific parameter will be put in the M-COM.
As a result, eNB can dynamically assign different RACH control parameters to the MTC devices depending on concurrent PRACH congestion state.
Proposal 4: Additional command message can be appended after the MAC RAR to carry the parameters of MTC specific scheme.
Conclusion 

To support immediate reconfiguration of MTC specific scheme and the assignment, RAN 2 is encouraged to consider the following proposals:
Proposal 1: The original backoff scheme needs modifications to allocate different backoff window to the MTC devices from H2H devices.
Proposal 2: It needs to consider that how to immediately reconfigure the ACB parameters to resolve the RAN overload.

Proposal 3: To improve the resource utilization, how to assign the related ACB parameters to MTC device need to be considered.

Proposal 4: Additional command message can be appended after the MAC RAR to carry the parameters of MTC specific scheme.
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