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1   Introduction
In the RAN #51 meeting, the MTC SI [1] has decided to continue the solution for MTC issues, but limited to RAN overload only. Since the number of MTC devices is several orders of magnitude greater than H2H devices (legacy UEs), RAN overload situation can easily occur and cause the H2H services to be interfered. Solving the RAN overload problem without incurring any impact on H2H devices is an important topic in this SI. This contribution proposes the approach of accomplishing the dynamical separate RACH allocation for MTC devices in order to solve the RAN overload situation. Simulation results are also provided to illustrate the performance of proposed approach.
2   Discussion
Separate RACH resources for MTC
According to the agreements in RAN2 #69bis, “Separate RACH resources for MTC” is one of the envisioned RAN improvements for machine type communications [2]. With the increasing of various applications, there would be incredible large number of MTC devices in a cell. If RACH resources are shared between MTC devices and H2H devices, the huge amount of MTC devices would cause the effects on the performance of H2H devices. Although H2H devices wouldn’t be affected by MTC devices by means of separated RACH resources, periodically allocating dedicated RACH resources would waste UL resources due to the occasional transmissions from MTC devices. Therefore, we propose the Dynamic Separate RACH resources for MTC, to dynamically allocate and release the separate MTC RACH resource at the time instance that any MTC device desires to transmit data and at the time instance that all the MTC devices finish their data transmissions respectively.
Dynamic Separate RACH resources for MTC
The proposed Dynamic Separate RACH resources for MTC combines the advantages of “Separate RACH resources for MTC” approach (use different RACH resources between M2M and H2H devices) and “Dynamic allocation of RACH resources” approach (dynamically allocate additional RACH resources for the MTC devices to use).
When an MTC device, say MTC A, successfully contends the uplink resource, the serving eNB would allocate not only the bandwidth requested by the MTC A but also additional PRBs (within the PUSCH region instead of legacy PRACH region) as dedicated contention resources for the other MTC devices of the same type as MTC A. On the other hand, upon an MTC device desiring to attach the network, it would wait for a time period, named as “Listening Window” before contention to observe whether there is any MTC device of same type, which has gotten the uplink resource.
· If an MTC device successfully gets the uplink resource in the PUSCH during the Listening Window, the MTC devices of the same type, who are listening to the channel, will perceive the dedicated contention resources allocated in the PUSCH by the eNB, and then content with each other on these resources.  As another MTC device successes in contention, the eNB repeats the same procedure to allocate the dedicated uplink resources for this MTC device for data transmission and the other MTC devices of the same type with the successful one for contention. The dedicated contention resources, which appear in the PUSCH, will be released if there is no MTC device sending preamble on it.
· If there is no successful MTC device during the Listening Window of a MTC device of the same type, the listening MTC device is permitted to contend with H2H devices on the legacy PRACH after the Listening Window expires.
In a word, the MTC devices with the proposed approach contend with H2H devices only when there is no successful MTC device of the same type in contention during Listening Window. 
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Figure 1.  Dynamic Separate RACH resources for MTC for M2M and H2H Networks
The flow of Dynamic Separate RACH resources for MTC is shown as following:
Step 1. When an MTC device attempts to request radio resources for data transmission, it triggers the Listening Window. 
Step 2. During the Listening window, an MTC device has to listen to all the RARs in order to record all the correspondent C-RNTIs. The recorded C-RNTIs for an MTC device to investigate the Msg4 to figure out whether there is any successful MTC device of the same type as well as the dedicated contention region allocated by eNB, if any.
Step 3-1. If there is successful MTC device, the waiting MTC devices of the same type issue their preambles on the dedicated contention resources.
Step 3-2. If there is no successful MTC device before the expiration of Listening Window, the waiting MTC device contends with H2H devices on the PRACH.
Step 4-1. If an MTC device successes in contention, the eNB additionally allocates dedicated contention region for the MTC devices of the same type and add an IE in Msg 4 to indicate the dedicated contention region.
Step 4-2. If an MTC device fails in contention, it returns to Step 1 and restarts the Listening Window.
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Figure 2. Dynamic Separate RACH resources for MTC flow chart
Simulation Assumptions
In order to evaluate the network performance under different ran improvement scenarios, two different traffic models are assumed as listed in Table 1.
Table 1. Traffic Model
	Number of MTC 
service type
	1

	Number of MTC devices for each type
	30000

	Arrival distribution
	Beta distribution over T

	Distribution period (T)
	10 seconds


Traffic model 1 and Traffic model 2 each represents 1 and 2 types of MTC devices. Both two Traffic models are all under the extreme scenario, i.e. the ill-configured deployments where MTC devices access the network almost at the same time, or the mass accesses initiated by MTC devices after the power outage.
The simulation parameter below adopts the basic simulation parameter in [2]. And the parameter of the RB number in PRACH and PRACH and the length of Listen window.
Table 2. Basic simulation parameters for RACH capacity for LTE FDD
	Parameter
	Setting

	Cell bandwidth
	5 MHz

	Uplink-downlink allocations configuration
	1

	PRACH Configuration Index
	6

	Total number of preambles
	54

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	6

	Number of CCEs allocated for PDCCH
	16

	Number of CCEs per PDCCH
	4

	Ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	Backoff Indicator
	20ms

	HARQ retransmission probability for Msg3 and Msg4 (non-adaptive HARQ)
	10%

	Maximum number of HARQ TX for Msg3 and Msg4 (non-adaptive HARQ)
	5

	RACH Period (ms)
	5

	Number of PRACH RBs
	6

	Number of PUSCH RBs (per subframe)
	23

	Length of Listen window (ms)
	20


Simulation Result
In this method, we classify MTC devices into two categories. One is without any RAN overload control mechanisms, called Original, the other one is with Dynamic Separate RACH resources for MTC. We simulate the traffic type of 30000 MTC devices with beta distribution and compare the impacts to H2H devices.
Table 4. Impact to H2H
	Performance measures
	7 calls per second

	Scheme
	Original
	Dynamic Separate RACH resources for MTC

	Access Success Probability
	27.6%
	82.4%

	Number of preamble transmissions
	Average
	3.60
	1.89

	
	10th percentile
	1
	1

	
	90th percentile
	7.60
	3.49

	Access Delay (ms)
	Average
	70.62
	38.65

	
	10th percentile
	15
	15

	
	90th percentile
	180.4
	80.59

	Percentage of RBs for PRACH
	5.2%
	8.2%


The calculation of performance measures is proposed in TR37.868 [2]. The “Percentage of RBs for PRACH” represents the percentage of the RBs used for PRACH over all UL RBs. In the original scheme, MTC and H2H devices share the same PRACH, it takes 5.2% (6/115) UL resources for contention. In the proposed Dynamic Separate RACH resources scheme, it takes 8.2% UL resources for contention.
The simulation result shows that our proposal has higher access success probability, less number of preamble transmission and lower access delay than the original scheme. The proposed scheme takes 3% additional RACH resources compared to the original scheme but gains 3 times on the performance of access success probability of H2H devices. The simulation result shows that our proposed scheme improves H2H RACH performance significantly.
3   Conclusion
In this contribution, we discussed the Separate RACH resources solution and an enhanced scheme: “Dynamic Separate RACH resources for MTC”. The simulation result shows that this enhancement can significantly improve H2H RACH performance.
We kindly ask RAN2 to discuss and agree on the following proposal:
Proposal 1: TR 37.868 should consider H2H performance.
Proposal 2: Include the Dynamic Separate RACH resources scheme and simulation result in TR 37.868.
4   Reference
[1] RP-100330, RAN improvements for Machine Type communication
[2] TR 37.868 v0.7.0, “Study on RAN Improvements for Machine-type Communications”, 3GPP, Oct. 2010.
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