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Introduction

In RAN2 Meeting #61bis it was decided that the values of the RACH overload indicator, if present in Message 2, will indicate absolute time as the upper limit of the backoff delay [1]. As an example, although the actual values have not been agreed, value 3 of the OI field would indicate that UEs need to apply backoff uniformly distributed between [0, 40]ms. This would mean delaying retransmission up to 4 RACH opportunities if RACH spacing is 10ms and 40 RACH opportunities if RACH spacing is 1ms. 

Backoff needs to work well for all RACH spacings (1ms – 20 ms). Possible approaches in specifying backoff upper limit are using: (a) absolute time, and (b) RACH opportunities. We illustrate the difference between (a) and (b) using numerical results obtained through simulation. We propose to use these results to make a decision.   

Simulation Assumptions

We used the following assumptions in our model

	Parameter/Feature
	Value/Description

	Max number UEs/eNB
	10000

	RACH opportunity interval
	1 ms, 5 ms

	Number of signatures
	64

	RACH Traffic Model
	Posson and Burst Arrivals

	Poisson Traffic Load
	35% new arrivals/RACH opportunity/signature (very high load)

	RACH Background (non-bursty) Load with Burst Arrivals
	Poisson 5%,  new arrivals/RACH opportunity/signature

	Burst Load
	1% 

	Burst Size
	200

	Backoff
	Uniform[0, Lmax =L(t)] where L(t) is based on the estimate of the number backlogged users.

	Collision timeout (TACK)
	40 ms

	UE buffer
	1 RACH message, no queueing

	Max number of retransmissions

	100


Results and Discussion

We have used slightly modified values proposed in [2] as shown in Table 1 below, and tried them out for the RACH spacings of 1 ms and 5 ms under the assumption that OI represents backoff time limit.

	OI Value
	T (ms)
	OI Value
	T (ms)

	0
	0
	8
	80

	1
	10
	9
	90

	2
	20
	10
	100

	3
	30
	11
	110

	4
	40
	12
	120

	5
	50
	13
	130

	6
	60
	14
	140

	7
	70
	15
	150


Table 1.

As an alternative solution, an OI value of k corresponds to the backoff delay limit of k RACH opportunities. We compare average, 95%-ile and 99%-ile access delay.  Results are shown in Table 2 below.

	RACH spacing
	Traffic type
	OI units
	Mean (ms)
	95%-ile (ms)
	99%-ile (ms)

	1 ms
	Poisson
	Time
	49
	185
	295

	1 ms
	Poisson
	RACH opportunities
	40
	155
	242

	1 ms
	Burst Arrivals
	Time
	101
	185
	215

	1 ms
	Burst Arrivals
	RACH opportunities
	57
	125
	130

	5 ms
	Poisson
	Time
	51
	190
	308

	5 ms
	Poisson
	RACH opportunities
	47
	170
	280

	5 ms
	Burst Arrivals
	Time
	93
	180
	210

	5 ms
	Burst Arrivals
	RACH opportunities
	73
	150
	180


Table 2.

As we can observe from Table 2, the approach where OI is expressed in terms of RACH opportunities has better performance for all cases. It can be argued that the upper limit time values shown in Table 1 can be modified to adjust them to the most likely value of RACH spacing, however, it will be hard to have one set of values that is optimal for all the cases (1ms – 20ms). On the other hand a set of values that defines the upper limit backoff in the terms of RACH opportunities works for all possible configurations of RACH spacings.   

If there is a desire to have an absolute time in the OI values table an option would be to indicate as the maximum value a time constant (e.g., 1000 ms). 

Conclusion

Based on simulation results we propose RAN2 to discuss the use of RACH opportunity as the unit for the Overload Indicator in RA Response message. The actual values in Table 3 can be left FFS.

	Value
	Overload Indicator (RACH opportunities)

	0
	[0]

	1
	[2]

	2
	[3]

	3
	[4]

	4
	[5]

	5
	[6]

	6
	[7]

	7
	[8]

	8
	[9]

	9
	[10]

	10
	[15]

	11
	[20]

	12
	[25]

	13
	[30]

	14
	[50]

	15
	[100]


Table 3.
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