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1. Introduction
In stage 3 specification it is decided that back-off in random access is supported. But the mechanism of back-off is not decided. In this contribution we give out a mechanism based on the type of random access request. And we give out the performance of this mechanism when random access load is in full or overload in a cell.
2. Discussion for Back-off Mechanism
2.1. Classify of Random Access Request
In table 1, based on the traffic model in [1], we divide the random access traffic into five categories.
Table 1 Classification of RA load with traffic type
	
	Services Request for RA
	Real-Time/Non-RT

	a)
	Tracking Area Update
	NRT

	b)
	RT Call
	RT

	c)
	NRT Call
	NRT

	d)
	RT HO
	RT

	e)
	NRT HO
	UL Synchronization
	NRT

	
	
	Ded Sign HO
	RT


2.2. Mapping between RA Traffic Type and Probability(P​i)
Because there is no collision when using reserved signatures(dedicated signature), back-off mechanism is only used for RA which uses unreserved signature(non-dedicated signature). In our back-off mechanism, ref [2] we assume that all arrived download traffics and HO use reserved signature and all others use unreserved signature. Ref [1] we also assume that most of NRT traffics are requested by UEs and all UEs are keeping UL-synchronization during RT traffic. For NRT HO, because NRT Call does not keep UL-synchronization during the call, it needs to be UL-synchronization before request for HO. NRT HO denotes the RA for UL-synchronization before request for HO. 50% of the RACH access load caused by RT traffic (MO calls) can be handled with unreserved signatures. We give different type of RA request different probability(Pi). All Pi are less than or equal to 1. Table 2 shows the Pi for all kind of services. 
Table 2 Mapping between RA traffic type and P​i
	
	Services Request for RA
	Real-Time/Non-RT
	Probability

	a)
	Tracking Area Update
	NRT
	P1

	b)
	RT Call（MO Call）
	NRT
	P2

	c)
	NRT Call
	NRT
	P3

	d)
	NRT HO（UL Synchronization）
	NRT
	P4


2.3. Performance Analysis
Based on the cell model in [1]: 10Mhz bandwidth pre cell, 1 RA slot every 10ms, 64 signatures totally and 10 is dedicated signature. According to the traffic load model and RA load model, we can get the load parameters which are shown in table 3.
Table 3 Cell load and RACH access load
	Cell load
	7000
	8000
	9000
	10000

	Load of non-dedicated Signature
	85.6
	97.8
	110.0
	122.2

	Load of dedicated Signature
	68.1
	77.8
	87.5
	97.2

	Total RACH Load
	153.6
	175.6
	197.5
	219.4

	Relative Cell load
	92.4%
	105.6%
	118.8%
	131.9%


The collision probability without using back-off mechanism when RACH load changed from 86 to 140 is shown in [3] and Table 4.

Table 4 Collision probability for using 54 non-dedicated signature
	Load of non-dedicated Signature
	86 (normal)
	100 (elevated)
	125 (high)
	140 (extreme)

	Collision probability
（Without Backoff)
	1.58%
	1.83%
	2.29%
	2.56%


Table 5 shows the assuming load and Pi for different RA traffic type. 
Table 5 Pi for different RA traffic type
	
	Services Request for RA
	Real-Time
/Non-RT
	86 (normal)
	100 (elevated)
	125 
(high)
	140 (extreme)
	Probability

	a)
	Tracking Area Update
	NRT
	11.7
	13.6
	17
	19.1
	70%

	b)
	RT Call（MO）
	NRT
	1.9
	2.2
	2.8
	3.1
	100%

	c)
	NRT Call
	NRT
	19.4
	22.6
	28.3
	31.6
	80%

	e)
	NRT HO(UL-synchronization)
	NRT
	54.6
	63.5
	79.4
	88.9
	90%


Ref [4] and [5], Table 6 shows the collision probability with/without back-off mechanism. 
Table 6 collision probability with/without back-off mechanism.
	Load of non-dedicated Signature
	86 (normal)
	100 (elevated)
	125 (high)
	140 (extreme)

	Collision probability
（Without Backoff)
	1.58%
	1.83%
	2.29%
	2.56%

	Total number of allowing access UEs
（With Backoff）
	74.6
	87
	108.8
	121.8

	Collision probability
（With Backoff)
	1.37%
	1.60%
	2.00%
	2.24%


From the result we can see when the RA of the cell is full or overload, if we use Pi in back-off mechanism, the collision probability reduce 13.2% (it is related to the Pi). In this way we can increase the efficiency of random access and through put.
As illustrated in this model, during using the traffic Pi, the delay of the corresponding traffic may increase by a little. However, because all the traffics of RA by using Pi are traffics, in which partial delay can be tolerated, and the possible delay is related to the value of Pi. If only the value of Pi is properly adjusted and the results of generating delay and decreasing collision probability are balanced, and the possible delay is adjusted within the tolerable range, then the possible delay resulted from introducing Pi can be well solved and the gain through decreasing the collision probability reaches the largest.
3. Conclusion
In this contribution we give out a back-off mechanism which uses Pi to control random access. We also presented the performance of this mechanism and it shows an obvious gains in random access. When random access load is in full or overload in a cell, it can be achieved that the collision event expand in the time-domain, in order to reduce the collision probability , to reduce retransmission of the signature and to improve the system RA throughput. Different probability can be set according to different RA traffic type, high probability for high-priority RA traffic type, low probability for low-priority traffic type. So it can make high-priority traffic access faster, and also can achieve different control for different RA traffic type.
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