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1. Introduction

In RAN2 #55, the topic of backoff design for LTE was treated [1, 2]. In this contribution, we make some recommendations for backoff design for LTE
2. Guiding principles for backoff design
The main objective of any backoff scheme is to avoid overload situations where there are collisions in a large number of RACH slots, i.e., under high-loads the throughput of the RACH channel should not become zero. At the same time, under low load scenarios, the backoff scheme should not unnecessarily increase the delay of the RACH attempt by forcing UEs to wait too long. Thus the backoff algorithm should be tunable such that, under low loads, a minimal backoff is enforced, but under high-loads sufficient backoff is applied to achieve a reasonable throughput in the RACH channel.
Conclusion 1: The backoff mechanism should be tunable to ensure low delays under low-load scenarios, and reasonable throughput under high-load scenarios.
Clearly, it would be better if the backoff algorithm is easily parametrizable so that changing of a few parameters can control the average duration of backoff of the UEs. In other words, the tuning of the backoff algorithm should involve change of very few parameters. 
Conclusion 2: The backoff scheme should be parametrizable to allow easy tunability of the algorithms. 

As argued in [2], the eNodeB is in a better position to determine whether or not there is overload on the RACH channel and the appropriate parameters to be used for the backoff scheme under the observed load. The eNodeB can broadcast these parameters on the BCCH, which can then be used by the UEs to configure its backoff algorithm. 
Conclusion 3: The parameters to be applied for the backoff scheme should be determined by the eNodeB and sent on the BCCH. 

Another issue of interest is whether or not a backoff should be applied for the first RACH attempt (as opposed to subsequent RACH attempts that are made when there was a collision on the first RACH attempt) or whether the first RACH attempt can be done in the very first RACH slot. In overload situations, if there are new UEs that arrive and make their first RACH attempt at the very first opportunity, it will increase the load on the RACH channel and bring down the RACH throughput even further. In addition, when a group of UEs (say, in a train) cross a tracking area boundary at the same time, all of them may access the same RACH slot if backoff is not applied for the first RACH attempt. Thus the scheme should allow for the backoff to be applied even for the first RACH attempt. 
Conclusion 4: The backoff mechanism should be flexible enough to be applicable to the first RACH attempt of the UE as well. 
When a UE detects a collision, the following is a key question to be answered: Should it apply the same backoff as it applied for the previous attempt, or should it increase the backoff? Overloads that occur over short timescales can be controlled if the UE applies a longer backoff after every collision. However, it is desirable that the backoff delays are not unbounded. Therefore, an ideal backoff algorithm should allow some increase in the average backoff whenever a collision is detected but subject to a maximum. 
Conclusion 5: The backoff algorithm should allow the UE to increase the average backoff duration when a collision is detected, but subject to a maximum.

If the backoff scheme uses the probability factor-based mechanism used in UMTS [2], the delays can be unbounded, i.e., there is a non-zero probability that the delay is larger than any given delay value. To prevent this, we recommend that the probability factor-based backoff algorithm is not used in LTE. Instead, a random backoff value can be chosen from an interval, say, [L1, L2], so that the maximum backoff is bounded by L2, in this case. 
Conclusion 6: The backoff scheme should not be based on probability factors. Instead it should be based on choosing a random number from a given interval of allowed backoff values, say, [L1, L2]. 
In UMTS, it is possible to differentiate between different access service classes by providing different probability factors. It should be possible to make such distinction in LTE as well. 

Conclusion 7: The backoff algorithm should be able to prioritize between different access service classes.
3.  Backoff design 
In this section, we describe a backoff scheme that meets the design guidelines mentioned above. In this scheme, each eNodeB broadcasts two parameters Lmin and Lmax, which are used by the UEs in the following fashion: For the first RACH attempt, the UE sets L = Lmin and picks a random backoff value (uniformly) from the range [0, L]. If a given RACH attempt is unsuccessful, the UE resets L = min(a*L, Lmax), a> 1, and chooses a random backoff value (uniformly) from the range [0, L]. For a=2, we get the truncated binary exponential backoff behavior.  Note that we take the min of a*L and Lmax to ensure that the value of L never exceeds Lmax. Thus the maximum delay for any RACH attempt is always upper bounded by Lmax. 
The eNodeB can, based on its knowledge of congestion, change the values Lmin and Lmax at a slow timescale. If needed, the value a can also be broadcast in the BCCH by the eNodeB. Different types of backoff behavior can be achieved by appropriate choice of values for Lmin and Lmax.  For example, setting Lmin close to zero will allow the UEs to make their first attempt without any delay. Setting a larger value of Lmin can be used for overload scenarios where new attempts are made to backoff more.  Setting Lmin = Lmax will allow the UEs to choose a random number from the same backoff window for all subsequent attempts as well. The ability to differentiate and prioritize between different access service classes can be achieved by setting different Lmin, Lmax and a values for the different classes. A higher priority class can be achieved by having lower values for all these three quantities than a lower priority class. Finally, we observe that this backoff design meets all the design criteria outlined in Section 2. 

3. Conclusions
In this contribution, we have outlined some desirable design criteria for the backoff scheme in LTE. We have also outlined a scheme that meets the design criteria. It is proposed that RAN2 include the agreeable parts of the design criteria and the detailed design in the RAN TS 36.300.
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