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Discussion and decision
1. Introduction
In RAN #51 meeting, the study item “Study on RAN improvements for Machine-Type Communications” was agreed that “continue the Study Item but limited to RAN overload only”. 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. Based on this, several proposals have been studied to address the RAN overload caused by MTC devices at random access procedure. 
This contribution will discuss the specific backoff based scheme for RAN overload issue and some related simulation result and modification are provided.
2. Discussion
2.1 Specific backoff scheme
If we use the backoff scheme to resolve the RACH overload caused by MTC, we will expect that the MTC devices could use different backoff window from H2H devices. If that is true, the MTC devices will distribute and delay their access attempts to avoid contention PRACH with the H2H devices. Detail simulation results and comparisons are illustrated in Section 2.4. 
According to the simulation result, it is necessary to assign different backoff parameters to UEs and MTC devices to reduce access latencies of UEs and to improve access success probability in the condition of heavy system loading. When the system loading is not heavy, however, the access latenciy of MTC will increase if we apply different BW assignment to UEs and MTC devices. Based on this, eNB should dynamically adjust the MTC backoff parameters based on the congestion states.
Proposal 1: The eNB should dynamically adjust MTC backoff parameters based on the congestion states. 
2.2 Conventional backoff parameter assignment
In TS 36.321[1], the backoff parameter assignment scheme 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 derived 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.

[image: image1.emf]MAC RAR 1

...

E/T/R/R/BI

subheader 

MAC header

MAC payload

...

MAC RAR 2 MAC RAR n

E/T/RAPID 

subheader 2

E/T/RAPID 

subheader n

E/T/RAPID 

subheader 1

Padding 

(opt)


Figure1: Example of MAC PDU consisting of a MAC header and MAC RARs [1]

In TS 36.321[1], 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 consists at most one Backoff Indicator subheader.
If UEs transmits the preamble at the same PRACH resource, they will get the same RA-RNTI by equation (1). The same RA-RNTI will lead the UEs to find the same MAC PDU contains their corresponding RAR. Those UEs receiving the same MAC PDU will associate with the same Backoff Indicator because each MAC PDU consists at most one Backoff Indicator subheader.
In the conventional backoff parameter assignment scheme design in TS 36.321[1], the UEs will be assigned the same backoff parameters, if they transmitted the preamble at the same PRACH resource. In order to allocate the different backoff parameters for MTC devices, the conventional backoff parameter assignment scheme needs to be modified. 
Proposal 2: The original backoff parameter assignment scheme needs modifications to allocate different backoff parameters for MTC and H2H devices.
2.3 Specific backoff parameter assignment for MTC devices
Based on the section 2.2, the conventional backoff parameter assignment can not help eNB to dynamically adjust the MTC backoff parameters based on the current PRACH congestion state. In this section, we will modify the conventional backoff parameter assignment to help eNB adjust the MTC backoff parameters dynamically.
An eNB can determine whether to use the MTC specific scheme (like specific BO scheme) 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 random access procedure. Once PRACH overloading conditions are met, the eNB can indicate MTC devices to trigger specific overload control 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 (like backoff parameters) to the MTC devices depending on concurrent PRACH congestion state.
Proposal 3: Additional command message can be appended in RAR to carry MTC specific parameters for overload control.
2.4 Simulation results and comparisons of RAN overload control mechanisms
We discuss two RAN overload control mechanisms in the simulation. They are dynamic backoff indicator (BI) assignment and different backoff window (BW) assignment. Dynamic BI assignment allows an eNB to change the backoff indicator dynamically in RAR according to the system loading. In other words, the system can increase backoff windows by changing the backoff indicator in RAR if the eNB detects the RAN congestion. Once an UE or an MTC device receives the new backoff indicator, it can perform backoff using the new backoff window for its next access attempts. On the other hand, the UEs and MTC devices use the default backoff window for every access attempt if dynamic BI assignment is not enabled. Different BW assignment means that an eNB can assign different backoff windows to UEs and MTC devices, respectively, and differentiate their services. To implement the concept of different BW assignment, we assign a new backoff indicator table to MTC devices. The backoff indicator table for MTC devices contains larger backoff window sizes than that for UEs. In the simulation, we assume that the backoff windows in the backoff indicator table for MTC devices are 20 times these for UEs. For example, an UE uses backoff window of 960 ms when the backoff indicator in RAR is 12, but an MTC device uses backoff window of 19200 ms. If different BW assignment is not active, UEs and MTC devices use the same backoff windows.
We simulate different system loading, i.e. different numbers of UEs and MTC devices accessing eNB simultaneously, and compare the performance of four combinations of RAN overload control mechanisms. Table 1 shows four combinations. Case 1 turns off dynamic BI assignment and assigns the same backoff window to UEs and MTC devices. Case 2 turns off dynamic BI assignment and assigns different backoff windows to UEs and MTC devices. Case 3 enables dynamic BI assignment and assigns the same backoff window to UEs and MTC devices. Case 4 enables dynamic BI assignment and assigns different backoff windows to UEs and MTC devices. Table 2 lists the environmental parameters. In Figure 3, we consider heavy system loading, say 1000 UE and 30000 MTC devices. Case 1 suffers the lowest success probabilities of random accesses among four combinations of RAN overload control mechanisms. Case 2 increases the backoff windows for MTC devices. Case 3 can dynamically change the BI and can increase the backoff windows for UEs and MTC devices. Therefore, Case 2 and Case 3 both can improve the access success probability to about 60%. However, the side effect of large backoff window sizes is the long access latency shown in Figure 7. For Case 2, the access latency for MTC devices significantly increases. For Case 3, the UEs and MTC devices both suffer from long access latencies since all devices use the same backoff window. Case 4 can reduce collision probabilities as shown in Figure 5, and can successfully achieve near 100% access success probability for both UEs and MTC devices. Although MTC devices have to spend 1100ms on average to access the RAN, we can keep low random access latency of UEs to 160ms. Figure 4 reveals that all cases can achieve 100% access success probabilities when the system loading is not heavy, say 1000 UE and 10000 MTC devices. The collision probabilities are also low under medium system loading, and Figure 6 shows the results. However, when the system loading is not heavy, access latencies increase if we apply different BW assignment to UEs and MTC devices. Figure 8 shows the simulation results. It implies that we do not have to assign large backoff windows to MTC devices when system loading is not that heavy. In conclusion, dynamic BI assignment is useful in improving access success probabilities while the system loading grows and different BW assignment could differentiate the access latencies for UEs and MTC devices under RAN congestion. The simulation results reveal that it is necessary to assign different backoff parameters to UEs and MTC devices to reduce access latencies of UE and to improve access success probability under a heavy system loading. 
Table 1. Simulation Cases

	
	Dynamic BI assignment
	Different BW assignment

	Case1
	No
	No

	Case2
	No
	Yes

	Case3
	Yes
	No

	Case4
	Yes
	Yes


Table 2. Simulation Parameters

	Parameter
	Setting

	Traffic model
	beta distribution

over 10 s

	Subframe length
	1 ms

	Number of preambles
	54

	Maximal re-transmission of preambles
	10

	Ra-ResponseWindowSize
	5 ms

	mac-ContentionResolutionTimer
	48 ms

	Backoff indicator
	2 (20 ms)
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Figure 3. Access success probabilities under heavy system loading.
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Figure 4. Access success probabilities under medium system loading.
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Figure 5. Collision probabilities under high system loading.
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Figure 6. Collision probabilities under medium system loading.
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Figure 7. Access latencies under heavy system loading.
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Figure 8. Access latencies under medium system loading.
Conclusion 

To support immediate reconfiguration of MTC specific scheme and the assignment, RAN 2 is encouraged to consider the following proposals:
Proposal 1: The eNB should dynamically adjust MTC backoff parameters based on the congestion states. 
Proposal 2: The original backoff parameter assignment scheme needs modifications to allocate different backoff parameters for MTC and H2H devices.
Proposal 3: Additional command message can be appended in RAR to carry MTC specific parameters for overload control.
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