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1 Introduction

In this contribution we are presenting some additional results with respect to the issue of whether the first RACH preamble transmission should be subject to a backoff.  The additional results cover scenarios when a burst of Random Access attempts is arriving (e.g. when a train crosses tracking area boundary), and show that in practice applying initial backoff would not provide much benefits.

2 Analysis Assumption
We used the following assumptions in our model

	Parameter/Feature
	Value/Description

	Max number UEs/eNB
	2000

	RACH opportunity interval
	10 ms

	Number of signatures
	64

	RACH Background (non-bursty) Traffic model
	Poisson

	RACH Background (non-bursty) Load
	Variable: 5%,  20%,  new arrivals/RACH opportunity/signature

	Burst Load
	1% 

	Burst Size
	100, 500

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

	Collision timeout (TACK)
	40 ms

	UE buffer
	1 RACH message, no queueing

	Max number of retransmissions

	100


3 Applicability of Backoff to First Preamble Transmission 

In this section we present simulation results based on the assumptions Section 2. Our goal is to test performance with and without backoff being applied to the first Message 1 transmission. Also, we assume that backoff parameters (Lmax) are available from eNB every RACH opportunity – which is equivalent to sending RACH backoff parameters as part of Message 2.
Message 1 delay is defined as the time interval from the arrival of the request from higher layers until Message 1 is successfully received. Since we do not take into account any transmission or processing delay Message 1 delay could be zero.  

In order to better compare performance we looked at the background (non-bursty) traffic and burst delays separately.  The figures below show delay CDF (Cumulative Distribution Function) graphs for 5% and 20% average background RACH load.
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Figure 1 Burst Delay CDF (burst size =100)
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Figure 2 Burst Delay CDF (burst size =500)
.
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Figure 3 Background (non-bursty) traffic delay CDF
From the graphs it can be seen that irrespective of the load, the background traffic delays are always better in cases where initial backoff was not applied. 

For 5% load, burst delay distributions for both cases, with and without applying initial backoff, are very close. This can be expected since in this kind of RACH loading condition, network is advertising most of the time zero or very small backoff, making these two scenarios very similar. 
In practice waiting for backoff parameters could actually cost UE more in terms of access delay. This is also due to the fact that the backoff parameters which the UE is waiting to acquire would not be the optimal for resolving the burst collisions – simply because the network can not anticipate when/if the burst will occur. Therefore, it would be more beneficial for the UE to transmit right away. This would provide the network sooner with the data to be used to estimate new loading situation, and to update accordingly backoff parameters. 


For 20% background load it appears that there is a slight benefit if the UE waits for the backoff parameters, but it is not a significant one. The benefit comes from the randomization of initial transmission timing due to likely non-zero advertised backoff value, so that some of the transmissions (very few) succeed in the first attempt.  However it should be noted that 20% average RACH loading is very high given current RAN2 loading/sizing assumptions [2][3].

Also it is not very likely to have very large number of users appearing simultaneously for the first time in the exactly same RACH opportunity. Even in the example of a train crossing TA boundaries some spreading of RACH requests will occur due to the fact that UEs will be in different locations, will have different receiver characteristics,  and would also wake up at different times to check if they have crossed the tracking area boundary, resulting in the smaller burst sizes than shown above.

Another example where burst of RACH attempts can occur would be the example of MBMS user counting. However this case can be considered separately and the application of initial persistency/backoff, if needed, can be done as part of the MBMS counting procedure.

4 Conclusion

Based on the simulation examples and discussion above, we propose that:
[1] Applying backoff to the first RACH transmission is not necessary.
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