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Discussion and decision
1. Introduction
Background traffic has been identified as a high priority use case for work on diverse data. Background data is characterized by long periods (several minutes) of inactivity followed by relatively short bursts (few seconds) of activity.  
Signaling load has been recognized as a metric of interest for work on diverse data. This paper considers the MME signaling costs (referred to just “signaling costs” hereafter) for the case of background traffic, and provides a “back of the envelope” method to evaluate the signaling cost. Numerical results are presented to give insight into the tradeoff between various approaches such as network dormancy timer, UE initiated dormancy, or long term connected DRX mode.
2. Components of Signaling Load
2.1 Connection Setup and Release

In case RRC Idle mode is used during periods of traffic inactivity, each burst of activity involves a connection setup event and a connection release event. Connection setup and release each result in one message to the MME over S1.

In currently deployed networks, there are two dominant modes of connection release due to inactivity. The first is based on a network initiated release based on a dormancy timer. The second is UE initiated release, also known as fast dormancy. Only the first method is available in LTE.
It is relatively straightforward to calculate the signaling load due to connection setup/release in case of background traffic. This is because background traffic usually has several tens of seconds of gap between periods of activity, and typical settings of the dormancy timer are less than 10seconds. It is therefore likely that each activity burst results in a setup and release events.
To get an estimate of the signaling load caused by one UE due to connection setup/release in scenarios where RRC IDLE is used for power saving, we can simply say

Signaling Load per UE per hour = 2 x Activity Bursts per hour
where the factor of 2 is due to the sum of one signaling event for setup and one event for release.
2.2 Handover Signaling

While the UE remains in Connected Mode, whether or not DRX is configured, each serving cell change results in one S1 PATH SWITCH message. This is assuming X2 is deployed, and the numbers are different for S1 handover.

To calculate the signaling load due to handover signaling, there are two key metrics. 
The first is the ratio of time the UE spends in RRC Connected state. This ratio is 100% when RRC Idle mode is not used. Otherwise, the ratio can be calculated as

Fraction time in RRC Connected = (Burst Duration + Dormancy Timer) / Inter-burst Duration
In case of UE initiated dormancy, the dormancy timer can be assumed to be zero, as the UE can be assumed to initiate connection release as soon as the traffic burst is over.

The second metric is the average number of handovers per minute seen by a UE. From the point of view of core network signaling load, the number can be averaged across all UEs in the service area of the core network (e.g. MME). This number varies widely between deployments, and hence a wide range needs to be considered.
The signaling load can be computed as

Signaling Load per UE per hour = Fraction time in RRC Connected x Handovers per UE per hour
3. Numerical Analysis

3.1 Results
In the following tables, we show the study the signaling load per UE per hour, defined as the sum of the signaling load due to mobility and the signaling load due to connection setup/release. We consider the following different schemes.

1. Full use of Connected DRX (no RRC IDLE)

2. Network initiated dormancy (timer = 2s)
3. Network initiated dormancy (timer = 10s)

4. UE initiated dormancy (assume UE initiates dormancy immediately after the traffic burst). Note: Not part of LTE specifications.

Further, we assume that each burst is 1 second in duration (though the numbers are not too sensitive to this). We show results for inter-burst periods of 3 minutes and 10 minutes.
Table 1: Signaling load per hour per UE (background activity every 3 minutes)
	Scenario
	Hanodver Rate (handovers per minute per UE)

	
	0.1
	0.3
	0.66
	1
	3
	10

	1. Full C-DRX
	6
	18
	39.6
	60
	180
	600

	2. Dormancy 2s
	40.11
	40.32
	40.70
	41.07
	43.20
	50.67

	3. Dormancy 10s
	40.37
	41.12
	42.46
	43.73
	51.20
	77.33

	4. UE init dormancy
	40.04
	40.12
	40.26
	40.40
	41.20
	44.00


Table 2: Signaling load per hour per UE (background activity every 10 minutes)
	Scenario
	Hanodver Rate (handovers per minute per UE)

	
	0.1
	0.3
	0.66
	1
	3
	10

	1. Full C-DRX
	6
	18
	39.6
	60
	180
	600

	2. Dormancy 2s
	12.03
	12.10
	12.21
	12.32
	12.96
	15.20

	3. Dormancy 10s
	12.11
	12.34
	12.74
	13.12
	15.36
	23.20

	4. UE init dormancy
	12.01
	12.04
	12.08
	12.12
	12.36
	13.20


3.2 Observations
Understanding the results

For full use of C-DRX, the only relevant signaling event is mobility, and hence the number of signaling events increase linearly with the mobility rate of the UE.

For dormancy timer, there is a basic “floor” on the signaling event rate based on the number of data bursts. As mobility increases, the signaling rate increases due to handovers that occur during the time the UE was in connected mode with dormancy timer running. This increase is again linear with the mobility rate, with higher slope for the case of a larger inactivity timer.

For UE init dormancy, the signaling rate remains dominated by the setup/release events, and mobility plays a very small role as the UE is in RRC Connected state for only a short time.

Observations
Based on the results above, we can make the following observations:
Observation 1: C-DRX is the most effective method to reduce signaling load in cases with low mobility rates.

Note however, that the use of C-DRX for high mobility also presents problems with handover robustness [1], and the use of C-DRX also causes extra usage of RAN resources compared with RRC Idle. These aspects are not considered in the present paper though, and our focus is on signaling load.

Observation 2: Short dormancy timer or UE init dormancy are attractive methods to reduce signaling load, and perform well across are range of mobility rates.

Note that a short dormancy timer could increase call setup signaling in scenarios such as web browsing, where 2s gaps of data packets are quite common. Traffic studies of non-background cases need to be performed to understand how short the dormancy timer can realistically be made.

Observation 3: Long dormancy timer settings cause an increase in signaling load in high mobility scenarios.
4. Next Steps
We propose that the above “back of the envelope” calculation be used as a starting point to evaluate the signaling load. It should be noted that among the actual traffic properties, the relevant ones that affect these calculations are (1) burst duration and (2) inter-burst duration. Further, the sensitivity to burst duration is quite small. Hence, a placeholder number such as 1s can be used for the evaluation. The inter-burst duration can have different values depending on the mix of background applications, and hence a range of values should be considered.
Proposal 1: Use the above calculation method to estimate the signaling load caused by background applications.
The numbers in this paper have been calculated per UE. However, to get a more complete picture of signaling load, we have to multiply this by the total number of UEs in the system. The number of UEs does vary quite significantly across deployments, so time spent on this effort should depend on the potential for new insight.

Proposal 2: Discuss if per UE signaling load evaluation is sufficient, or if the number of UEs under one core network element also needs to be estimated to determine the overall signaling load.
This paper addressed three schemes for managing inactive periods during background traffic: Full C-DRX, dormancy timer and UE init dormancy. If there are other schemes, appropriate evaluations for those should be added to the table.
Proposal 3: Document three schemes for handling inactive periods during background traffic (a) Full Connected-DRX, (b) Network based dormancy timer, and (c) UE initated dormancy (Note that UE init dormancy is not supported by LTE).
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