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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” evaluation of the signaling cost.  Another aspect is signalling at RRC, and this should scale similarly with the core network signaling costs (e.g. mobility and connection setup/release). However, given the flat LTE architecture, RRC signaling costs much less in LTE than in 3G, and hence we do consider RRC signaling to be secondary compared to core network signaling. 
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. Additionally, and eNB implementation approach is described that provides a good tradeoff among the various schemes.
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.
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 Number of RRC Idle Mode transitions 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 quantities. 
The first quantity 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 based on the scheme used to perform transitions from Connected to Idle state.
The second quantity 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

2.3 Mobility based Idle Mode transitions
In this paper, we show that some of the simpler schemes to transition from connected to idle states have a problem either for highly mobile UEs, or for slowly mobile UEs. To reduce these problems, we consider a scheme that takes the UE mobility into account. This is an eNB initiated scheme, that works as follows: If the eNB sees no user-plane activity for the UE for N seconds, and then sees a handover event, then the eNB performs connection close instead of handover. Note that if a handover event is seen within N seconds of previous user-plane activity, the handover is performed.

Such a scheme (called Network initiated dormancy based on mobility hereafter) would be purely an eNB implementation, and has been discussed in the past in RAN2/SA2. Effectively, this is a scheme that uses C-DRX for extended duration for low mobility UEs, and uses transitions to RRC Idle for higher mobility UEs with an inactive user-plane.
For this scheme, a simple formula is no longer valid for calculating the signaling load due to handover, and hence the number was computed via simulation. Handover events are assumed to be spaced apart by an exponential random variable.
3. Numerical Analysis

3.1 Results
In the following table, 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 = 10s)
3. Network initiated dormancy (timer = 2s)
4. UE initiated dormancy (assume UE initiates dormancy immediately if it knows that no traffic is expected in the next 2 seconds). Note: Not part of LTE specifications, and assumes UE has good knowledge of the expected traffic
5. Network initiated dormancy based on mobility (timer N = 5s)

6. Network initiated dormancy based on mobility (timer N = 10s)

Table 1: Signaling load per hour per UE (IM traffic)
	Scheme
	Handover 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. NW Initiated Dormancy (10s)
	106
	109
	112
	117
	139
	215

	3. NW Initiated Dormancy (5s)
	128
	129
	131
	133
	145
	188

	4. UE Initiated dormancy (2s)
	144
	144
	144
	144
	145
	148

	5. NW Initiated Dormancy based on mobility (5s)
	10
	26
	42
	57
	100
	166

	6. NW Initiated Dormancy based on mobility (10s)
	10
	25
	41
	58
	100
	200


The results above correspond to IM traffic on an Android device over an LTE network with QQ chat application and google services. The phone was left unattended during the duration of the test. The details of the log have already been included in the TR by the rapporteur.
3.2 Observations
Interpreting the results
Row 1: 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.

Rows 2, 3 and 4: For a dormancy timer based approach, 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. 
Rows 5 and 6: The network initiated dormancy based on mobility shows the following two good properties

a) At low mobility: Signaling load is low, almost comparable to full C-DRX
b) At high mobility: Signaling load is high, but remains competitive with the best solution (UE init dormancy)

Observation 1: From a signaling load perspective, network initiated dormancy based on mobility provides good overall performance as the UE mobility rates vary.
Observation 2: From a signaling load perspective, network initiated dormancy based on mobility outperforms simple inactivity timer based schemes, and the gap in performance is particularly significant for low mobility UEs that can benefit from extended periods of C-DRX usage.
4. Next Steps
This paper addressed four schemes for managing inactive periods during background traffic: Full C-DRX, dormancy timer , UE init dormancy, and mobility based NW init dormancy. 

Proposal 1: Document four schemes for handling inactive periods during background traffic (a) Full Connected-DRX, (b) Network based dormancy timer, (c) UE initated dormancy (Note that UE init dormancy is not supported by LTE), (d) Mobility based network initiated dormancy.
It is natural to consider other forms of (d) above, e.g. with different timers used for users with different mobility rates etc. Such schemes may provide incremental benefits to (d), however it is not clear if such detailed evaluation is needed in RAN2. 
Proposal 2: RAN2 is requested to consider if mobility based network initiated dormancy schemes are sufficient to address the signaling concerns for smartphones. 

5. Conclusions

We evaluated some simple schemes for signaling load evaluation with background data, and showed that one of these schemes is a good candidate to provide a low signaling load level.

In particular, the following proposals were made

Proposal 1: Document four schemes for handling inactive periods during background traffic (a) Full Connected-DRX, (b) Network based dormancy timer, (c) UE initated dormancy (Note that UE init dormancy is not supported by LTE), (d) Mobility based network initiated dormancy.

Proposal 2: RAN2 is requested to consider if mobility based network initiated dormancy schemes are sufficient to address the signaling concerns for smartphones. 
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