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1 Introduction

In the previous meetings, several solutions for reducing RACH congestion have been proposed, namely: ACB based solution, back off based solution and separate RACH resources. This paper shows the performance evaluation of these solutions and provides an analysis of whether these solutions are sufficient to resolve the problem of RACH overload. The simulation cases are based on the annex B.1 of TR37.868 [1].
2 Solutions evaluation
In [1], the annex B.1 provides a case of smart electric metering application, with a number of households per cell varying from 4968/cell to 35670/cell (corresponding to central London and urban London respectively). As discussed in the previous meetings, since it cannot always rely on application level distribution to avoid RACH overload, the RAN should implement some mechanisms to ensure a good behaviour even in the worst possible cases. If Smart Electric meters do not distribute their RACH attempts over time, as stated in [1], the generated RACH intensity will depend on the level of synchronization of the generated RACH attempts. As indicated in [1], in this case all electric meters may generate their attempts in as low as 10 seconds (due to lack of clock synchronization in smart electric meters). 
In this paper, the worst case, i.e. the number of households per cell is the maximum expected one for urban London and all access attempts are generated within 10s, is used to evaluate the performance of the following possible solutions to mitigate RACH congestion:
· MTC specific back off scheme;

· MTC specific Access class barring (ACB) scheme;

· Separate RACH resources. 

At the same time, the RACH collision impact over normal UEs is also considered. In [2], the RACH intensity generated by normal UE traffic in the London example was also given. In a worst case, the busy hour traffic density was up to 100 Erlangs/SqKm. The mean call holding time was around 43 s. This means that the corresponding busy hour voice call arrival rate is 2.32 calls/s/sqKm. For a circular cell of radius of 2Km (urban London), the expected call arrival rate is 29 calls/s.
In the following, some simulation results, e.g. access latency, collision probability and random access success probability of MTC devices and normal UEs, will be shown to allow the performance evaluation of each scheme.
The basic assumption for RACH load simulations are as follows:
The RACH is configured to occur every 5 ms (PRACH configuration index is 6), with up to 54 preambles (with 10 reserved as dedicated). This results in 200 RACH opportunities per second and a total of 10800 preambles per second. Random access contention is modeled as RACH loss, i.e. both users retransmit. The maximum number of preamble transmission is set to 10.
MTC specific back off scheme
With this scheme, a dedicated back off parameter is set for MTC devices. The back off value of normal UEs is set to 0 ms to ensure that the UE access latency is shorter than for smart electric meters. The RACH resources are shared by both of normal UEs and smart electric meters.
Figure 1 and Figure 2 show the CDF of access latency of smart electric meters and normal UEs separately, for different MTC devices back off values: 20ms, 240ms and 960ms. 
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Figure 1: CDF of access latency of smart electric meters
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Figure 2: CDF of access latency of normal UEs
Table 1 shows the corresponding collision probability and random access success probability of smart electric meters and normal UEs.
Table 1: collision probability and random access success probability
	
	BO = 20 ms
	BO = 240 ms
	BO = 960 ms

	collision probability
	27.1%
	23.8%
	19.2%

	access success probability
	smart meter
	99.8%
	99.9%
	99.9%

	
	UE
	90.3%
	98.4%
	99.1%


The table shows that by using specific back off parameters for smart electric meters it is possible to reduce the collision probability to some extent, although it remains still very high even with the maximum value for MTC backoff. 
MTC specific ACB scheme
By using this scheme, a dedicated configuration of barring factor and barring time is set for MTC devices, which is different with normal UEs. The RACH resources are shared by both of normal UEs and smart electric meters.
Figure 3 and Figure 4 show the CDF of access latency of smart electric meters and normal UEs separately, the different MTC barring factors (0.9, 0.7 and 0.5), and corresponding barring times (4s, 8s and 16s). The barring factor of normal UEs is set to 0.95 and the barring time is 4s.
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Figure 3: CDF of access latency of smart electric meters
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Figure 4: CDF of access latency of normal UEs
Table 2 shows the corresponding collision probability and random access success probability of smart electric meters and normal UEs.

Table 2: collision probability and random access success probability
	
	Barring factor =0.9
Barring time = 4s
	Barring factor =0.7

Barring time = 8s
	Barring factor =0.5

Barring time = 16s

	collision probability
	21.5%
	8.8%
	2.3%

	access success probability
	smart meter
	99.8%
	100%
	100%

	
	UE
	98.6%
	99.4%
	99.9%


It can be seen that, although a possible barring factor and barring time configuration can ensure a low access collision probability, the access latency of smart electric meters is still too long and may be unacceptable. Referring to the QoS requirement indicated in [3] by Verizon, the acceptable access delay for some MO traffic could be up to 1 minute, while and for MT traffic it could be up to 30s. From figure 3 and table 2, it can be seen that setting ACB with barring factor 0.5 could ensure a low collision probability, but nearly 10% smart meters would experience an access delay higher than 60s while about 20% smart meters would have an access delay higher than 30s, therefore not meeting the access requirements indicated in [1].
Separate RACH resources 

From the perspective of reducing the impact of RACH congestion to normal UEs, the approach of using separate RACH resources seems to be an effective solution. In the following simulation scenario, a set of preambles are configured as MTC dedicated.
Figure 5 and figure 6 show the CDF of access latency of smart electric meters and normal UEs separately. The preamble partition of normal UEs/MTC devices is set to be 40 /14, 27 /27 and 14 /40.
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Figure 5: CDF of access latency of smart electric meters

[image: image6.emf]12 14 16 18 20 22 24 26 28 30 32

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Access Delay(ms)

CDF(%)

CDF of UE access delay

 

 

UE/MTC Preamble = 14/40

UE/MTC Preamble = 27/27

UE/MTC Preamble = 40/14


Figure 6: CDF of access latency of normal UEs
Table 3 shows the corresponding collision probability and random access success probability of smart electric meters and normal UEs.

Table 3: collision probability and random access success probability
	
	Preamble of UE/MTC = 14/40
	Preamble of UE/MTC = 27/27
	Preamble of UE/MTC = 40/14

	collision probability
	smart meter
	88.2%
	95.1%
	99.2%

	
	UE
	0.5%
	0.1%
	0.06%

	access success probability
	smart meter
	12.5%
	1.74%
	0.23%

	
	UE
	92.5%
	92.8%
	93.7%


It can be seen that, although the access latency and collision probability of normal UEs are satisfied by reserving dedicated preambles for MTC, the situation of MTC devices is severely deteriorated, with the MTC random access performance totally spoiled. 
The RACH partition scheme may work well when the traffic load is not too high, but obviously it cannot handle the worst case scenarios of smart electric metering applications.
Observations: From above simulation results, we can derive that:
· Back off schemes and AC barring schemes both belong to time spreading based solutions. The back off based solution allows a small scale time spreading and is only adequate for reducing low level RACH overload. The AC barring based solution provides large scale time spreading but introduces huge access latency. If the RACH overload reaches a very high level, e.g. the case of urban London simulated above, the QoS delay requirement may be hard to meet. 

· The RACH partition scheme is only fit for resolving relatively low RACH congestion cases. If the RACH overload increases, the performance of collision probability can be significantly bad.
· The conclusion is that it seems not sufficient to solve high level RACH overload due to MTC devices only by time spreading schemes or RACH partition, since the cases which they are fit for can be quite limited. Some new enhancements such like adding more RACH resources should also be investigated.
3 Potential solutions
In this section, some potential solutions are briefly proposed to overcome the limitations of the approaches evaluated in the previous section. As mentioned above, a promising approach to allow the support of the expected large number of simultaneous random accesses could be the one of increasing the number of RACH resources. 
In order to avoid, or at least minimize, the impact to Physical layer, two ways of adding more RACH resources could be investigated:
· Add RACH resources in time domain: for example, when the eNB detects that a random access attempts peak is incoming, e.g. the preambles utilization rate exceeds a pre-defined threshold, the eNB could temporarily add one or more sub-frames as PRACH resources via paging or new SIB. After the access peak is gone, the temporary configuration could be cancelled to save resources.
· Add RACH resources in frequency domain: assuming that a PRACH configuration 6 is used, the eNB could define other 6 PRBs - not overlapped in frequency domain with current PRACH - as temporary PRACH resources. When the eNB detects that a random access attempts peak is incoming, it could add RACH resources based on the congestion level and send the temporary definition to the MTC devices via paging or new SIB. MTC devices could transmit preambles in the temporary PRACH resource with same method as in the current PRACH.
Proposal 1: Solutions should be investigated to introduce additional RACH resources.
Furthermore, considering that increasing the RACH resources will lead to the reduction of PUSCH resources and may influence the traffic data throughput, it makes sense to investigate ways to dynamically configure the number of additional RACH resources based on the PUSCH load conditions.

Proposal 2: Solutions should be investigated to dynamically configure the number of additional RACH resources based on the PUSCH load conditions.

4 Conclusion
In this paper, some solutions to address RACH overload proposed in previous meetings have been evaluated and corresponding simulation results have been provided. In addition, some new enhancements for resolving RACH congestion have been proposed:
Proposal 1: Solutions should be investigated to introduce additional RACH resources.
Proposal 2: Solutions should be investigated to dynamically configure the number of additional RACH resources based on the PUSCH load conditions.
5 References
[1] TR37.868, v0.4.0.
[2] R2-102296, RACH intensity of Time Controlled Devices, Vodafone, 3GPP TSG RAN WG2 #69bis.
[3] R2-102965, Text Proposal to TR37.868 on Smart Grid Characteristics, Verizon, 3GPP TSG RAN WG2 #70.









