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1 Introduction

LTE RACH belongs to a class of Aloha random access schemes that suffer from instability such that even moderate load could bring the throughput down to zero if proper control is not used. RACH backoff is a load control scheme in which a UE delays Message 1 transmission in order to decrease contention and achieve stability. Backoff typically refers to delaying retransmission of Message 1 in case collision occurs. Historically, other random access schemes have additionally applied backoff to the first transmission (e.g., Rel.7 RACH). One of the claimed benefits was the ability to provide different access QoS to different services. In this paper we focus on the need for backoff before the first transmission from the single class perspective. The metric used for comparison is Message 1 delay. 
In previous contributions the need for backoff  in RACH was discussed [1]. It has been generally agreed that while the RACH resources will be sized such that the average normalized load is a few percent per resource there will still be times when contention could occur and backoff would be necessary. In this contribution we address the issue of whether the first RACH attempt should be subject to backoff. Additionally, we propose a simple way of calculating backoff and communicating backoff parameter update. 
2 Analysis Assumption
We used the following assumptions in our model
	Parameter/Feature
	Value/Description

	Max number UEs/eNB
	1000

	RACH opportunity interval
	10 ms

	Traffic model
	Poisson

	Number of signatures
	64

	Load
	Variable: 0.05, 0.15, 0.35 new arrivals/RACH opportunity/signature

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

	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 presented in the previous section. Our goal is to test performance with and without backoff being applied to the first Message 1 transmission. We assume that in the case 
backoff is applied to the first preamble it uses the same parameters as subsequent transmissions. Also, we assume that backoff parameters (Lmax) are available from eNB every RACH opportunity. Broadcasting Lmax is a particularly simple way of backoff parameter update that can guarantee stability.
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 Figure 1. we show Cumulative Distribution Function (CDF) of Message 1 delay for the case of low load, i.e., 0.05 new arrivals/signature/RACH opportunity. Since we assume 64 signatures there are 3.2 new arrivals per RACH opportunity. As we can see there is no difference between the cases with and without backoff. Similar conclusion can be obtained from Figure 2 where medium load (0.15 new arrivals/signature/10ms) is assumed. 
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Figure 1. RACH Message 1 delay for low load.
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Medium load (0.15)
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Figure 2. RACH Message 1 delay for medium load.

In Figure 3 we show Message 1 delay CDF for the case of very high load (0.35 new arrivals/signature/10 ms or equivalently 22.4 new arrivals per RACH opportunity). As it is well known [2] with proper backoff RACH is stable for any load per signature/RACH opportunity less than 0.367, thus the load in Figure 3 is greater than 95% of capacity. The Message 1 delay is larger for the case without backoff being applied to first transmission. The average delay for the two cases without/with backoff for the first transmission is 75 ms and 88 ms respectively.  
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Figure 3. RACH Message 1 delay for high load.

Since there is no benefit from applying backoff to the first transmission and since in practice it could actually cost more delay to obtain backoff parameters prior to the first transmission we propose not to use it. 
4 Conclusion

Based on the discussion above, we propose the following

· Applying backoff to the first transmission is not necessary.
· Backoff parameter update can be in the form of single value Lmax sent by eNB, where Lmax represents the dynamic upper limit of a uniform random backoff calculated by each backlogged UE.
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