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1 Introduction 

This paper provides some further analysis and evaluation on the ‘MTC specific Backoff scheme’ briefly hinted in TR37.868 [1], and indicated as a possible way forward to spread in time ‘delay tolerant’ access requests in case of quickly changing load conditions.
The goal is to assess the related performance improvement and then support a decision about this proposal. 
2 Discussion

2.1 Terminology change
Since a new Establishment Cause ‘Delay Tolerant Access’ has been agreed at RAN#51 as an indicator for (MTC) devices which are tolerant to delays, it is suggested to change the solution currently referred to as ‘MTC specific Backoff scheme’ into something like ‘Delay Tolerant Access Backoff scheme’, to align to the status of the discussion. 
Proposal 1: The solution currently referred to as ‘MTC specific Backoff scheme’ shall be renamed as ‘Delay Tolerant access Backoff scheme’, and the corresponding parts in the TR should be updated.
2.2 Discussion on delay tolerant access Backoff scheme
According to previous RACH capacity evaluations in [1], for LTE FDD there is a big difference in the current overall performance for the two considered traffic scenarios (i.e. with a distribution period over 60 and 10 seconds respectively).
Table 6.4.1.1.1: Simulation results for RACH capacity for LTE FDD (from [1])
	Traffic Model
	Performance measures
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Collision Probability
	0.01%
	0.03%
	0.22%

	
	Access Success Probability
	100%
	100%
	100%

	2
	Collision Probability
	0.45%
	1.98%
	47.76%

	
	Access Success Probability
	100%
	100%
	29.5%


	Traffic Model
	Number of preamble transmissions
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Average
	1.43
	1.45
	1.50

	
	10th percentile
	1
	1
	1

	
	90th percentile
	1.91
	1.92
	1.96

	2
	Average
	1.56
	1.77
	3.49

	
	10th percentile
	1
	1
	1

	
	90th percentile
	2.14
	2.77
	7.33


As it can be seen, the access performance of traffic model 1 is fairly good. In this model, a maximum of 30.000 UEs access the network with a uniform distribution over 60 second. The collision probability is rather low, and the average number of preamble transmissions is only 1.5 per UE. 

On the other hand, for traffic model 2, where a maximum of 30.000 UEs initiate access to the network over 10 seconds with Beta distribution, the performance is not acceptable. There are at least the following problems: 
· A high collision probability means high interference to each other. Unless other measures are taken (like a separation of RACH/preamble resources for MTC and legacy UEs), there would be a significant impact to legacy UEs access performance.
· A large average number of preamble transmissions number would imply much more frequent power ramping situations. This might further degrade the access performance of both MTC and legacy UEs.
Based on the above simulation results and analysis, the straightforward solution is to use a backoff mechanism to distribute the traffic in scenario 2 over a larger timescale, and then make the access performance for traffic model 2 comparable to traffic model 1. Thanks to the very dynamic nature of the LTE Backoff mechanism, it is expected that such mechanism can handle very quick traffic surges like the considered one of a Beta distribution of the arrivals over 10 seconds.
More specifically two enhancements are proposed:
· Enhancement 1: Longer Backoff value for preamble re-transmission.

The basic idea is to utilize a longer backoff value to spread access re-attempts from ‘delay tolerant’ devices if collision occurs. To flatten the distribution of arrivals and reduce the number of collision, longer backoff values (compared to the current ones) are needed. The maximum backoff value in current specification is 960 ms. To spread 30.000 UEs characterized by a Beta distribution of arrivals over 10 seconds, backoff values in the order of several seconds are needed. 
It should be noted that the main idea is to include an additional Backoff Indicator in the RAR PDU, i.e. in addition to (and not replacing) the existing BI in the MAC header. This additional BI would be read only by Rel-11 UEs and considered only when the UE wants to perform a 'Delay Tolerant access' request. The inclusion of both the legacy and new BI field seems essential because, when sending the RAR PDU, the eNB does not know if the request is for a normal one or for a 'Delay Tolerant access' request. However the eNB could decide to include the new BI field only when overload due to 'Delay Tolerant access' requests is detected, so that the additional overhead would be reasonable and acceptable.
· Enhancement 2: Pre-Backoff before first preamble transmission.
The purpose of this enhancement is to further optimize the situation when a large number of UEs start accessing the network in a very short time, increasing the collision probability and the traffic load over the a sustainable limit. The proposal is that the devices could read the RAR PDU (meant to grant resources for other devices) to obtain the backoff information even before performing the first attempt, and then spread the initial preamble transmission for a ‘Delay Tolerant access’ request over the timescale defined by the ‘Delay Tolerant access Backoff value’.
For regular backoff, the UE anyway performs an initial preamble transmission and may only apply the backoff if collision happens. With the Pre-Backoff approach, the network can further prevent/spread the first preamble transmission.
The impact on the UE’s behaviour is that the UE should read a RAR MAC PDU before initiating the first preamble transmission and should apply a pre-backoff if the corresponding indication is found in the RAR MAC PDU. Otherwise (or in any case after the Pre-Backoff) the UE should perform the regular RACH procedure according to the current specification. The network could control whether the Pre-backoff is used or not by a proper indication.
By using the Pre-Backoff scheme, i.e. by mandating Delay Tolerant MTC devices to monitor the RAR PDUs in the RAR window, these devices can obtain the spreading information from the eNB in the fastest way (for instance, assuming a PRACH configuration 6, MTC devices would only need to wait about 10ms to get the BO value). Furthermore, if they fail to receive any ‘Delay tolerant specific Backoff value’ in the RAR window, Delay Tolerant MTC devices would assume there is no ongoing overload condition and they will then perform the regular RACH procedure.
The difference between the Pre-Backoff mechanism and ACB/EAB-based solutions is the capability to adapt to dynamic traffic surges, allowing the network to handle the overload situations more quickly and adaptively.
NOTE: For both the enhancements listed above, while the access statistics for ‘delay tolerant’ devices is expected to improve and the performance of legacy UEs is expected to be preserved, for sure the access delay of ‘delay tolerant’ devices will be severely impacted. While this is considered as acceptable for ‘delay tolerant’ devices in case of network congestion, if there is a wish to limit the overall delay (at least in case of no network congestion) other additional solutions might be needed, as the dynamic allocation of additional RACH resources for ‘delay tolerant’ devices mentioned in [2].

2.3 Simulation results for Longer Backoff value (for re-transmissions)
In this scenario, an extended Backoff value for access re-attempts is used when the network detects a significant traffic load.
Traffic model 2 [1] is simulated, i.e. a Beta distribution of arrivals over 10 seconds. The simulation assumptions are the same as in the TR [1] except for the maximum Backoff which is extended up to 16 seconds. The network sets the backoff value according to the number of detected preambles/traffic load.
The simulation results are provided is the following table and figure.
Table 1
Longer BO Simulation results for LTE FDD

	Traffic Model
	Performance measures
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Collision Probability
	0.01%
	0.03%
	0.22%

	
	Access Success Probability
	100%
	100%
	100%

	2
	Collision Probability
	0.45%
	1.98%
	47.76%

	
	Access Success Probability
	100%
	100%
	29.5%

	2 with BO
	Collision Probability
	-
	-
	1,16%

	
	Access Success Probability
	-
	-
	100%


	Traffic Model
	Number of preamble transmissions
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Average
	1.43
	1.45
	1.50

	
	10th percentile
	1
	1
	1

	
	90th percentile
	1.91
	1.92
	1.96

	2
	Average
	1.56
	1.77
	3.49

	
	10th percentile
	1
	1
	1

	
	90th percentile
	2.14
	2.77
	7.33

	2 with BO
	Average
	-
	-
	1.86
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Figure 1: Number of access attempts in the time domain
From the simulation results above it can be seen that this solution can lead to a fairly good distribution: only the first 2s~4s period is still characterized by a relatively high access density which causes access collisions. This is because the first preamble transmission cannot be distributed.
Observation 1: ‘Delay tolerant access Backoff’ for preamble re-transmissions can address the worst case (10s case) fairly well and lead to an acceptable access performance.
Observation 2: However there is still a traffic peak even with a large BO value.
2.4 Simulation results for Pre-Backoff (including first transmission)
The simulation assumptions are the same as in the TR [1] except for the Pre-Backoff behaviour. The maximum pre-backoff value is set adaptively according to the traffic load situation, with a maximum value of 16 seconds.
The simulation results are provided is the following table and figure.

Table 2 Pre-BO Simulation results for LTE FDD

	Traffic Model
	Performance measures
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Collision Probability
	0.01%
	0.03%
	0.22%

	
	Access Success Probability
	100%
	100%
	100%

	2
	Collision Probability
	0.45%
	1.98%
	47.76%

	
	Access Success Probability
	100%
	100%
	29.5%

	2 with Pre-BO
	Collision Probability
	-
	-
	0.29%

	
	Access Success Probability
	-
	-
	100%


	Traffic Model
	Number of preamble transmissions
	Number of MTC devices per cell

	
	
	5000
	10000
	30000

	1
	Average
	1.43
	1.45
	1.50

	
	10th percentile
	1
	1
	1

	
	90th percentile
	1.91
	1.92
	1.96

	2
	Average
	1.56
	1.77
	3.49

	
	10th percentile
	1
	1
	1

	
	90th percentile
	2.14
	2.77
	7.33

	2 with Pre-BO
	Average
	-
	-
	1.51
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Figure 2: Number of access attempts in time domain
From the simulation results above, it can be seen that not only the access performance (access success rate/collision probability) is greatly improved, but the distribution of access attempts can be completely flattened without any traffic peaks. Actually the results for the traffic model 2 (i.e. the worst case scenario identified so far) are very similar to those for traffic model 1.
Observation 3: The Pre-Backoff mechanism can address the worst case (10s case) with a comparable access performance to that of Traffic model 1 in the TR.
Observation 4: The Pre-Backoff mechanism can also distribute worst case traffic surges into a similar distribution to traffic model 1, without any traffic peak.
3 Conclusion 

In this contribution, we have proposed 2 Backoff-based enhancements to address the congestion situation caused by traffic surges due to a huge number of almost simultaneous ‘delay tolerant’ access requests: 
· Enhancement 1: Longer Backoff value for preamble re-transmission
· Enhancement 2: Pre-Backoff before first preamble transmission
The simulation results shown in this contribution indicate that these two enhancements can lead to an acceptable access performance for ‘delay tolerant’ devices, also for the worst case scenario identified so far. 
With the help of the Pre-Backoff mechanism, the peak in the distribution of access attempts (which could have an impact on the legacy UEs access performance) can be completely eliminated. 
Proposal 2: A ‘Delay tolerant access Backoff’ scheme shall be introduced as the solution to spread in time ‘delay tolerant’ access requests in case of quickly changing load conditions.

Proposal 3: if Proposal 2 is agreed, it should be discussed whether only Enhancement 1 or both Enhancements 1 and 2 should be adopted.
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