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Discussion and Decision
1. Introduction
In RAN2 #70 meeting, it was agreed to further study the MTC load control solutions [1].
While peak RACH overload handling is important to mitigate impact on human to human traffic, load distribution over time will limit the level of solution required.  As already agreed, application level time distribution are essential to provide load distribution over time. However, while this helps to provide an initial level of spread, addition AS level mechanism can provide a wider spread.  

In this contribution, based on the characheristics of the machine type traffic, a time distribution method based on pre-access time slot assignment is introduced to achieve the performance of a scheduled MTC access with minimized collision probability, minimal additional signaling overhead and small complexity.
In addition, a resource efficency based overload control mechanism is also proposed. It is suitable for the delay tolerant MTC applications. The proposed method is to apply access restriction to MTC according its resource efficiency, i.e. accessing the system in the opportunistic manner. A significant performance gain is obtained with the method. It is also beneficial to battery saving and coverage extension.
2. Discussion

2.1 Major Characteristics of MTC and the Existing Access Methods
Many companies have studied the traffic model of MTC. The first important characteristic is: most MTC applications simply require periodic short data reporting. Based on the application, the reporting period of a MTC-UE is known and normally the reporting period is long (longer than once per 10 minutes). However the specific time of reports is not very important. The accuracy of the expected time of the periodic reports or the delay of the reports are tolarable.

The second important nature is: there could be very large number (hundres or thousands) of MTC devices (MTC-UE) in a cell. Although the reporting periods of different MTC-UE groups could be different, there could be worst case that a lot of MTC-UEs perform access at about the same time. It will cause access collision.
The third import nature is: the MTC-UEs normally are low mobility, the complexity/cost of the MTC-UEs should be very low and the periodic behavior of a MTC-UEs would be very simple. 
The next two sections provide two methods for distributing MTC accesses over time at the AS level.
2.2 Access at Dedicated Time Slots for MTC-UEs 
2.2.1 Access slot assignment for MTC access
A slotted access method for MTC-UEs is introduced in this section. A MTC-UE is only allowed to access at its own access slot. The details of the scheme are shown in Figure 1 and described as follows: 
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Figure 1. Timing diagrame of the access based on dedicated slot assignment  
Similar to the paging cycle, at first we define an access cycle, K, for MTC access. The same as the paging slot, an access slot is synchronized with the corresponding System Frame. The duration of an access slot is the duration of a system frame. An access slot can be identified by SFN mod K. The SFN after modulo K is broadcasted from eNB in MIB. 
To associate an access slot with a MTC-UE, at its simplest, the MTC-UE can simply use its paging slot as its associated access slot. 

The unit of the MTC access cycle is in system frames. For exampe if K= 1024, then in an access cycle there are 1024 access slots with the slot duration = 1 system frame duration (10ms). The period of the access cycle is about 10 s. E-UTRAN could determine the K of a cell based in the expectation of the total number of the MTC-UEs handled in the cell. .
It was agreed that MTC-UE reporting cycle is controlled by application. When the application of the MTC-UE triggers data reporting, it will find its next allowed access slot either in the current access cycle or in the next access cycle and perform access from there.
Considering certain low cost MTC-UEs do not support paging and any data polling, when data reporting is triggered by application, they will still wake up at their paging slot to get synchronization and perform access. 
Due to the important nature of MTC: periodic reporting and tolerable report delay, the fixed access cycle could be used. The merit of this approach is to minimize the chance of access collision by making the MTC-UEs access in a pre-scheduled fashion. The access timing is predictable at both E-UTRAN and UE without signalling. 
Proposal:
Proposal 1: To spread the MTC accesses evenly across the frames, it is proposed to consider the dedicated access slot (frame) scheme (similar to the paging cycle) for an MTC originating traffic.
2.2.2 Possible solutions for access failure 
If the MTC-UE initial access is failed, there are several options for the follow up procedures such as retry at the next frame, next frame occasion for this device etc. Details are FFS.
2.3 Determine When to Access Based on Resource Efficiency
The data to be sent by large amount of Machine devices may be delay tolerant. A lot of these devices are mobile but they usually move very slowly. For the mobile MTC-UEs, although they maybe slow, the shadow varies by time due the changing the surroundings. The shadowing varies normally around -30dB to 30dB, obeying log normal distribution (see backup materials for details). If the Machine device can transmit the data in the opportunistic manner, i.e. accessing and sending data in its favorable radio link condition, much less resource is needed. 
With the goal of maximizing resource efficiency, the proposed method would be as follows: the system access is only allowed when a specific threshold is satisfied, configured by the network. Hence, the proposed mechanism will take  effects before the RACH procedure. The device needs to measure the variation of downlink radio channels to obtain the mean variation. As shown in figure 3 in the Backup Material section, it may take one or two minutes for a MTC-UE to wait for the favorable radio condition, e.g. defined by xdB threshold over the mean value. When the criterion is met, the device is allow to access the system, normally, the MTC-UE may be scheduled and finish the data uploading within the period of favorable channel conditions. The MTC-UEs of certain different applications, e.g. security alarm, can be configured by other policies or follow normal UE procedure. 
In case the radio measurement threshold is not met for quite long a time, a timer of the maximal time that the MTC-UE needs to wait for the favorable condition can be configured. As shown from Figure 3 in the back up materials, the maximal duration could be configured from seconds to minutes, coupling with the access threshold. By carefully configuring the measurement threshold, the probability of hittomg the maximum delay threshold is very small. A large amount of M2M application is delay tolerant, so it would not be an issue. Opportunistic data access does not affect the DRX, so the MTC-UE can still receive the paging information as usual. If the paging is for system information change or ETWS, the MTC-UE immediate acquires the information. If MTC-UE finds its identifier in the paging message, it can respond immediately.

The simulation results shown in Figure 4 in the Backup Material section indicated that the average spectral efficiency is improved significantly with this method. In addition, the opportunistic data access can be treated as a proactive over load avoidance mechanism since the access restriction before the RACH procedure provides better spectral efficiency and natural load distribution. It can also be applied together with other mechanisms when congestion happens. Furthermore, the eNB can tune the accessing parameters including threshold and maximum delay, when congestion happens. 

Proposal:
Proposal 2: It is proposed to consider the resource efficiency based access determination method for M2M for spreading RACH accessfor spectral .efficiency.
3. Summary and proposal
This document investigated the characteristics of MTC access. Base on the nature of MTC, an access slot reservation based access scheme is proposed. It minimized the chance of access collision by spreading the access. 
In this document, the method for opportunistic access decision based on radio link condition is also discussed. If the Machine device only accesses and sends data in its favorable condition, there could be as much as14dB gain. In other words, the RACH access attempts are controlled by a mechanism based on the resource efficiency of MTC UEs. 
Both are simple to adopt involving very minimal specification work.  

The above proposed methods could be simply applied on top of other access and loading control methods. 

Proposals:
Proposal 1: To spread the MTC accesses evenly across the frames, it is proposed to consider the dedicated access slot scheme (similar to the paging cycle) for an MTC originating traffic.
Proposal 2: It is proposed to consider the resource efficiency based access determination method for M2M for spreading RACH access for spectral efficiency
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5. 
Annex: Backup Materials

5.1 Data on the shadowing

As shown in Figure 2, there is 1% probability to have 20dB gain, and 5% probability of 14dB gain. The 14dB gain not only means the UE may use much less power to finish the communication, but what’s the most important is it only need 1/4 or less resource. Then the overload probability is much relieved.
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Figure 2. Shadowing variation

If we choose 14dB as the threshold, the duration of the favorable condition will be several seconds, which is enough for metering devices to finish its report. For FDD system, the uplink channel and downlink channel use different channels, so the instantaneous mutipath channel condition may be different. However, only the large scale fading needs to be measure by the MTC-UE because only the large scale fading may last seconds. And the shadowing of downlink and uplink are much correlated, because the shadowing mainly determined by the surroundings, e.g. buildings, trees etc, other than the frequency. For TDD system, it is even easier. Hence, the opportunistic data access is feasible from the technical point of view. 
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Figure 3. Time duration of favourable occasion
5.2 Performance evaluation
The performance is evaluated and the results are shown in figure 4. Figure 4 depicts the spectral efficiency distribution of the MTC-UEs in the cell vs. SINR. It can be seen the distribution of opportunistic data access is shifted to the right side corresponding to a higher SINR with higher spectral efficiency. The average spectral efficiency is improved by around 60%, which means 40% resources can be saved, and hence the overload probability is much reduced.
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Figure 4.  Performance comparison

Simulation assumptions
Table A.1– Macro-cell system simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap around. 

	Inter-site distance
	1732m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern  (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	BS antenna gain plus cable loss
	14 dBi

	BS noise figure
	5 dB

	Carrier Frequency / Bandwidth
	2GHz

	Channel model
	Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	24dBm (250mW)

	Maximum C/I Limit
	30 dB

	Inter-cell Interference Modelling
	UL: Explicit modelling

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Traffic model
	Full buffer

	MCS levels
	QPSK R=1/8, ¼, 1/3, 1/2., 2/3, ¾

16 QAM R=1/2, 2/3, ¾, 7/8

	Physical layer receiver
	MMSE equalization
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