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1. Introduction
This contribution studies, by means of system-level simulations, the Non-Synchronized Random Access (NSRA) preamble collision rate as a function of the offered load G. The simulation models the Poisson arrival rate as well as all aspects of the physical layer procedure (NSRA receiver, HW impairments, UE speed, Cell radius, power ramping, etc…) which are more complex to model analytically, so as to provide the most accurate collision rate estimation. In this contribution, we define the collision rate as the total number of colliding preambles (including re-tries) over the total number of new NSRA attempts (not including re-tries). It is shown that for UE speeds below 250 km/h the worst-case collision rate does not exceed 1.6%, for an offered load of 1 average access attempt per NSRA time slot. In addition, the contribution shows that the latency performance is not much affected by the collision rate that could be relaxed beyond this value by e.g. considering higher offered loads than G =1. We propose communicating these results to RAN WG2.
2. Simulation
The system-level simulator does not model multiple cells but models multiple concurrent UE’s within a single cell, and implements for each access slot the complete link-level model. The UE’s send NSRA attempts according to a Poisson arrival rate and choose for each new try or re-try a random signature among 64. The simulation parameters are listed in Table 1:

	Carrier frequency
	2 GHz

	System Sampling Rate
	1.92 MHz

	Preamble Sampling Rate
	1.07875 MHz / 

	Preamble Upsampling Ratio
	2

	Preamble Length
	800 us (863 samples)

	CP Duration/Guard Period
	100 us

	# of Detectors
	64 

	UE Speeds
	3 – 60 – 120 – 250 - 360 km/h

	Ep/No operating point for first try
	18 dB

	Cell radius
	0.7 - 2.5 - 6.3 - 13.8 km

	Number of root ZC sequences
	1 – 2 – 4 - 8

	User’s delays
	Random, within the cell radius

	Channel Model
	6-path TU

	Total false-alarm rate
	10-3

	NodeB frequency error
	Random within +/- 0.05 ppm

	UE’s frequency error
	Random within +/- 0.05 ppm

	Access slot period
	10ms

	Max number of re-tries before failure
	3 

	Power ramping step
	1 dB

	Max TA error for message 3 decoding
	4 µs

	Offered load
	0.25-0.5-0.75-1


Table 1: Simulation parameters
The simulator does not model the NSRA procedure beyond the preamble transmission/reception (message 2, …). As a result, in order to be on the conservative side, the contention resolution procedure (message 3-4) is always assumed to fail (NodeB is unable to decode either UE’s message 3) so that colliding UE’s always retry until correct detection without collision or the maximum number of re-tries is reached.

The simulator considers as correct detection a detected preamble which timing advance (TA) estimation is within the maximum tolerated TA error. This tolerance defines the value beyond which the de-synchronization is such that the NodeB cannot decode any message 3, following the preamble. We implemented the most simple timing advance estimation algorithm, by using the delay value of the earlier detected peak of a detected signature [1].
Re-transmissions occur when:

· the preamble was not detected, or

· the preamble was detected but with a wrong TA, or

· the preamble was colliding with one or more other preambles

3. Simulation results

3.1. Collision probability
Figure 1 shows the collision probability measured as a function of the offered load G, defined as the number of new Access attempts (not including re-tries) per NSRA time slot. It should be noted that this offered load reflects the comprehensive load of all possible use-cases of the NSRA. It can be observed that for UE speeds below 250 km/h the worst-case collision rate does not exceed 1.6%, for an offered load of 1 average access attempt per NSRA time slot.

[image: image1.jpg]0.7 km cell radius

N

T T
—&- UE speed = 3km/h
—A— UE speed = 60km/h
-5 UE speed = 120km/h
&~ UE speed = 250km/h
—¥— UE speed = 360km/h

o
T

e ] ES »
T T T T
S FEa g

(=
[
T

[
[
T

Collision rate (incl. retrans.) per new attempt - %

1 i i i i
05 0.6 07 0.8 0.9 1

Offered load

=)
ol
[N}
o)
w
=),
IS



 [image: image2.jpg]2.5 km cell radius

N

T T
—&- UE speed = 3km/h
-2 UE speed = 60km/h
- UE speed = 120km/h
&~ UE speed = 250km/h
—¥— UE speed = 360km/h

o
T

>
T

»
T

o
T

=k
[
T

(=}
2
T

Collision rate (incl. retrans.) per new attempt - %

I i i i i
04 05 06 07 08 0.9 1

Offered load

=k
ol
[N}
=i
w




[image: image3.jpg]6.3 km cell radius

N

T T
—&- UE speed = 3km/h
—A— UE speed = 60km/h
-5 UE speed = 120km/h
&~ UE speed = 250km/h
—¥— UE speed = 360km/h

o
T

>
T

S
T

[
T

o
[
T

=
1)
T

Collision rate (incl. retrans.) per new attempt - %

1 i i i i
05 06 07 0.8 09 1

Offered load

=
ol
[N}
|
w
@]
IS



 [image: image4.jpg]13.8 km cell radius

It
[N}

T T
—©- UE speed = 3km/h
—A— UE speed = 60km/h
- UE speed = 120km/h
&~ UE speed = 250km/h
—¥— UE speed = 360km/h

N
T

o

>
T

»
T

o
T

o
[
T

a2
12
T

Collision rate (incl. retrans.) per new attempt - %

1 i i i i
04 0.5 06 07 08 0.9 1

Offered load

=)
ol
[N}
=4
w




Figure 1: NSRA collision rate
3.2. Latency
We also used the NSRA system simulation to measure the average added latency due to re-transmissions. As can be observed from Figure 2, the average NSRA latency due to collisions and other re-transmissions is very low and does not exceed 0.4ms for UE speeds below 120 km/h. Another observation is the smooth slope with respect to the offered load G, so that higher offered loads than G = 1 average attempts per NSRA time slot could easily be envisioned. As a result, higher collision rate than those shown in Section 3.1 could also be envisioned without significant impact on the NSRA procedure performance.
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Figure 2: NSRA average latency
4. Conclusion

This contribution analyzed by means of system level simulations the NSRA collision rate and its impact on the overall NSRA performance. It is shown that for UE speeds below 250 km/h the worst-case collision rate does not exceed 1.6%, for an offered load of 1 average access attempt per NSRA time slot. In addition, the contribution shows that the latency performance is not much affected by the collision rate that could be relaxed beyond this value by e.g. considering higher offered loads than G =1 average access attempt per NSRA time slot. We propose communicating these results to RAN WG2. 
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