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1.
Introduction
In RAN2#69bis, the contribution [1] from VDF has been accepted and added into TR 37.868. In RAN2#70bis,  Huawei [2] argued that the analysis of the RACH collision probability which came from [3] may be not correct. During the discussion, Nokia assumes there are 2 definitions of collision. The one proposed in [3] is compliment of the successful access case (i.e. when a UE uses a certain preamble, what is the probability the same preamble is already used by somebody else for a large "n") and the one proposed in [2] is the complement of portion of RACH slots with at most 1 attempt. Nokia assumes the definition given in [3] is best to use. However, it is found that the two definitions of collision probability (and their simulation results) are both included in TR 37.868. In this contribution, computer simulations were conducted to verify the accuracy of the RACH collision probability proposed in [3] and two alternatives can be considered as the remedy.
2.
Discussion
In Sec. 6.3.1 of TR 37.868, the collision probability is defined as the ratio between the number of occurrences when two or more MTC devices send a random access attempt using exactly the same preamble and the overall number of opportunities (with or without access attempts) in the period. In this definition, the collision probability is derived based on the status of the random-access opportunities (RAOs). That is,
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In Annex B of TR 37.868, the RACH collision probability is estimated by:
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where L is the total number of random-access opportunities (RAOs) per second and ( is the random-access intensity, i.e. there are, on average, ( random-access attempts per second and cell. The analysis assumes that there are a large number of devices in the cell which is valid for this scenario. Moreover, it is also assumed that the arrival of RACH requests is uniformly distributed over time [2]. 
As far as we understand, Eq. (2) is obtained based on the concept of Slotted ALOHA. In Slotted ALOHA, the collision probability is the probability of collision under the condition of a packet is transmitted. In contrast, Eq. (1) is an unconditional probability. We assumed that the simulation results in Sec. 6.4 of TR37.868 are obtained based on Eq. (1). If our understanding is correct, we will have two inconsistent definitions in the same document. And the two definition results quite different conclusions from simulation results of Sec. 6.4.1 and analytical results of Annex B.1-B.3 in TR 37.868. In the following, we will demonstrate the inconsistence results illustrated in TR 37.868 resulted from the two definitions.

Table 1 and Fig. 1 show the collision probability obtained from Eqs. (1) and (2), respectively. In Table 1, a collision probability of 0.01% is achieved for (= 5000/60=83 random-access attempts per second and cell (5000 MTC devices are uniform distribution over 60 sec. in traffic model 1); and L = 200*54 = 10800 (PRACH Configuration Index 6 with 54 preambles). However, from Eq. (2), the estimated collision probability is 0.78%. Hence, there is a significant difference between the two definitions. 
Table 1: Simulation results for RACH capacity for LTE FDD (Source: TR37.868, Table 6.4.1.1.1)
	Traffic Model
	Performance measures
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Collision Probability
	0.01%
	0.03%
	0.22%

	
	Access Success Probability
	100%
	100%
	100%

	2
	Collision Probability
	0.45%
	1.98%
	47.76%

	
	Access Success Probability
	100%
	100%
	29.5%
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Fig. 1: Supported RACH Intensity against number of RACH opportunities per second for a given collision probability of 1%. (Source: TR37.868, Figure B.2)

It can be further found from Fig. 1 that most of the RAOs are not used if the definition of Eq. (2) is adopted. As shown in Fig. 1, a thundered random-access opportunities per second (L = 1000) can support, on average, ten random-access attempts per second and cell (( =10) for a collision probability of 0.01. Let Pi be the ratio between the number of idle RAOs and the overall number of RAOs (with or without access attempts) in the period. As we know, the successful random-access attempts cannot exceeds (, which implies that the average number of idle RAOs per second and cell is no less than L- (. Then we can have
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It means that 99% of the RAOs are not used.
In the following, we will try to derive the analytical solution for Eq. (1). Consider a slotted ALOHA system with L random-access opportunities per second. The slot duration is equal to 1/L. Hence, the average number of success random access attempts (or successful RAOs) per second is equal to the random-access intensity multiply by the conditional successful transmission probability of the slotted ALOHA system (
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Hence, Eq. (1) can be rewritten as 
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Simulations are conducted to verify the proposed Eq. (5). In the simulation, the access attempts generated by MTC devices follow a Poisson process with ( =10. L RAOs is considered every second. In the simulation, the MTC devices arrive during a RACH interval will wait and transmit their access attempts at the beginning of the next RACH slot. The collided access attempts will not perform random backoff for further re-transmission. Two configurations were considered. In Configuration 1, one RACH slot per second with L preambles per RACH slot is used. In Configuration 2, L RACH slots with 1 preamble per RACH slot is used. It was found that the simulation results were almost identical in Configurations 1 and 2. 
Fig. 2 shows the simulation results for ( =10 and L = 2 to 54. The statistics were obtained based on the definition of Sec. 6.3.1 of TR 37.868 as given in Eq. (1). It was found that Eq. (5) can properly estimate the collision probability given by Sec. 6.3.1 of TR 37.868.

Fig. 3 shows the simulation results for ( =10 and L = 2 to 54. The statistics were obtained based on the definition of Annex B of TR 37.868 as given in Eq. (2). That is, the collision probability is defined as the ratio between the number of collided access attempts (two or more MTC devices send a random access attempt using exactly the same preamble) and the overall number of access attempts in the period. It was found that Eq. (2) can properly estimate the collision probability based on this definition.
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Fig. 2: Simulation results for ( =10 and L = 2 to 54 (based on the definition of Sec. 6.3.1 of TR 37.868).
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Fig. 3: Simulation results for ( =10 and L = 2 to 54 (based on the definition of Annex B of TR 37.868).
3.
Proposal
Proposal 1: RAN2 is kindly asked to choose either Eq. (1) or Eq. (2) as the single definition of collision probability in TR37.868.

Proposal 2.1: Modify Annex B.1 to B.3 in TR37.868 if the definition of Eq. (1) is adopted, which includes

· To use Eq. (5) in this contribution to replace the referred Eq. of Annex B.1 to B.3 in TR37.868 
· To re-draw Fig. B.2 in TR37.868
Proposal 2.2: Modify Sec. 6.3 to 6.4 in TR37.868 if the definition of Eq. (2) is adopted, which includes
· Modify the definition of collision probability (and maybe the other measures) in Sec. 6.3.1 as
· Collision probability, defined as the ratio between the number of collided access attempts (two or more MTC devices send a random access attempt using exactly the same preamble) and the overall number of access attempts in the period. 
· Modify the simulation results provided in Sec. 6.4
4.
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