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1.
Introduction
Group paging is one of the candidate solutions identified in TR 37.868 for solving the RAN overload control problem [1]. In this contribution, the performance of group paging is evaluated based on computer simulations.
2.
Discussion
In the simulation, a group of M MTC devices which are uniformly distributed in a paging area containing N cells is considered. It is assumed that the M MTC devices are assigned by a group identity (GID) and the network utilize the GID to page M MTC devices to access the network simultaneously. On the average, there are M/N MTC devices in each cell. Upon receiving a paging message containing the group ID, the MTC device shall send a randomly chosen preamble through the next available random access slot. The eNB will reply a random access response (RAR) message indicating result of the random access. It is assumed that the eNB will not be able to decode any of the preambles if two (or more) MTC devices select the same preamble at the same time. MTC devices will only detect a collision if RAR is not received in Ra-ResponseWindowSize. The MTC devices which are not acknowledged by the RAR message are referred as collided MTC devices. All of the collided MTC devices should perform backoff and then re-transmit their random access attempts in the next random access slot. In case of no collision, 
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 preamble detection probability is assumed, where i indicates the i-th preamble transmission. The process repeats until the maximum number of random access transmissions is reached.
The performance measures of collision probability, access success probability, statistics of number of preamble transmissions, and statistics of access delay were investigated. The definitions specified in Sec. 6.3 of TR 37.868 were adopted, which are given by:

1. Collision probability, 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.

2. Access success probability, defined as the probability to successfully complete the random access procedure within the maximum number of preamble transmissions.

3. Statistics of number of preamble transmissions, defined as the CDF of the number of preamble transmissions to perform a random access procedure, for the successfully accessed MTC devices.

4. Statistics of access delay, defined as the CDF of the delay for each random access procedure between the first RA attempt and the completion of the random access procedure, for the successfully accessed MTC devices.
The basic parameters for RACH capacity for LTE FDD specified in TR 37.868 were used in the simulation and are summarized in Table 1. In the simulation, N = 1 and 7 were simulated and their results were almost identical.
Table 1: Basic simulation parameters for RACH capacity for LTE FDD
	Parameter
	Setting

	Cell bandwidth
	5 MHz

	PRACH Configuration Index
	6

	Total number of preambles
	54

	Maximum number of preamble transmission
	10

	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


(Source: Table 6.2.2.1.1, TR 37.868)
Figure 1 shows the collision probability as a function of the average number of MTC devices per cell. The results show that the collision probability is increased with the increase in the number of paged MTC devices.
Figure 2 shows the access success probability. The results show that the RACH configuration of Table 1 can support up to 500 MTC devices with 98.4% access success probability.
Figure 3 shows the average number of preamble transmissions for the successfully accessed MTC devices. The results show that the average number of preamble transmissions is increased with the increase in the number of paged MTC devices.
Figure 4 shows the CDF of the number of preamble transmissions for the successfully accessed MTC devices. The results show that the number of preamble transmissions is increased with the increase in the number of paged MTC devices.

Figure 5 shows the average value of access delay for the successfully accessed MTC devices. The results show that the mean access delay of 500 MTC devices is about 107 ms. The mean access delay of 1000 MTC devices is not increased without bound due to the constraint of maximum number of preamble transmission.

Figure 6 shows the CDF of the access delay for the successfully accessed MTC devices. The results show that the access delay of 99% of the MTC devices is less than 200 ms.
A summary of the simulation results was given in Table 2.

Table 2: Simulation results for RACH capacity for LTE TDD
	Performance measures
	Average number of MTC devices per cell

	
	10
	50
	100
	200
	500
	1000

	Collision Probability
	0.18%
	2.2%
	5.32%
	11.44%
	34.7%
	72.8%

	Access Success Probability
	100%
	100%
	100%
	100%
	98.42%
	21.3%


	Number of preamble transmissions
	Average number of MTC devices per cell

	
	10
	50
	100
	200
	500
	1000

	Average
	1.55
	1.97
	2.36
	3.01
	5.82
	8.37

	10th percentile
	1
	1
	1
	3
	3
	4

	90th percentile
	2
	3
	3
	4
	9
	10


	Access Delay (ms)
	Average number of MTC devices per cell

	
	10
	50
	100
	200
	500
	1000

	Average
	23.99
	26.2
	39.4
	51.86
	105.63
	168.16

	10th percentile
	13
	13
	23
	28
	43
	68

	90th percentile
	43
	53
	63
	83
	163
	218
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Figure 1: Collision probability
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Figure 2: Access success probability
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Figure 3: Average number of preamble transmissions
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Figure 4: CDF of number of preamble transmissions
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Figure 5: Average value of access delay
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Figure 6: CDF of access delay
3.
Proposal
Proposal 1: Consider to include the simulation results of group paging presented in this paper to TR 37.868.
4.
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