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1 Introduction

One of the objectives of the WI eDDA [1] concerns “Enhancements within existing RRC states, to RRC state-control mechanisms and RRM mechanisms that offer system efficiency improvements and/or reduced UE power consumption for devices exhibiting a continued but intermittent data activity”.
During the meeting in San Francisco (3GPP RAN2#76), contributions [3] and [4] analyzed important aspects of RRC signaling load and battery consumption, respectively. One general conclusion from the discussions at the meeting was that analyses have to consider the entire system to avoid sub-optimizations. In this contribution, we try to combine the investigations on RRC state control, delay, and UE power consumption into one confirming the previous results along with providing additional simulations and conclusions.
2 Background

Figure 1 shows expected RRC signaling as an effect of how long the RRC Connection is maintained after buffers in UE and eNB side run empty; this time is visualized as bold rectangles in the figure. Such RRC state control may be based on inactivity or dormancy timers within the eNB; for literary purposes we define an “RRC inactivity timer” that in the following text denotes the time from the buffer is empty until the RRC connection is released. The top case shows how, using a very short RRC inactivity timer, the RRC connection is released almost immediately. Assuming short data bursts (IM or Background traffic) mobility will mostly be performed by cell reselection. Upon arrival of the next data burst, signaling for the RRC Connection Establishment is carried out. The other extreme is exemplified with the bottom case where, using a long RRC inactivity timer, the RRC connection is always established, i.e., mobility causes handover signaling but there is no RRC Connection Establishment/Release signaling. There is also an example with medium RRC inactivity timer length which may cause both RRC state switching and handover signaling, as shown in the middle case.
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Figure 1: Signaling behavior with different “RRC inactivity timer” lengths (from end of data transmission until RRC Connection Establishment). Timer is visualized by bold rectangles.
The simulations in Figure 2 show how various settings of the timer, exemplified in Figure 1, affect the signaling load. The simulations are firstly run with constant packet inter-arrival times to show how the signaling overhead varies as functions of IAT and RRC inactivity timer length (the packet size distribution is based on instant messaging traffic) and later also with a measurement-based traffic model created with statistics from instant messaging. For detailed simulator settings, see Appendix 1. In the following figures, the metric “consumed PRB per data bit” is used to show signaling load, see Appendix 2 for alternate metric. 
To compare different packet inter-arrival time (IAT) scenarios, the IAT is fixed as 5s (short) and 20s (long). It is seen that the signaling overhead first increases with the length of the timer, due to more handover signaling, then drops sharply before reaching a stable level. This behavior can be explained as follows; when the RRC inactivity timer becomes longer than the IAT, RRC signaling from state changes is reduced. This reduction in overhead may prevail over the increase in handover signaling, which may also be due to other reasons such as segmentation near cell edge, link adaptation, and UE power limit. As a result we observe that, for all mobility levels in the 5s IAT scenario and for mobility levels 3km/h and 30km/h in the 20s IAT scenario, more PRB resources are consumed when RRC inactivity timer is less than the IAT.
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Figure 2 Consumed PRB per data bit for fixed IAT (left – 5s, right – 20s) 
3 Analyses of RRC release timers

3.1 General observations
Results from simulations with mixed packet inter-arrival time are provided in Figure 3. The packet distributions are based on instant messaging traffic. It can be seen that the lower the UE speed is (i.e. less frequent handovers), the longer the optimal RRC inactivity timer is, i.e. it could be beneficial to always keep UE in connected mode (as was also discussed in [2]). Whether this also helps UE power consumption is discussed in a later section. Based on the simulations and this particular scenario, optimal timers for 3/30/60/120km/h mobility levels are 64/32/4/4s, respectively.  
Observation 1 With higher mobility frequency the “RRC inactivity timer” should be shorter to save resources. 

Observation 2 UEs with low mobility frequency should remain RRC connected to reduce signalling load.
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Figure 3 Signalling “cost” for different RRC connection time after empty buffer and varying mobility frequency. 
3.2 Mobility-specific RRC timer setting
In [1] various triggers to release the RRC connection were compared. One of the proposals was “RAN2 is requested to consider if mobility based network initiated dormancy schemes are sufficient to address the signaling concerns for smartphones”. In the following, we present an attempt to provide input for such a decision. Here we look at the most promising method proposed in the contribution,[3] i.e. UE triggered RRC connection release is not included.
Essentially, the idea as presented in,[3] is to release the RRC connection of the UE only if 1) this UE has been inactive for N seconds, and 2) at least one handover operation is observed during N seconds. Figure 4 shows the comparison of three different triggers, namely 1) a fixed RRC inactivity timer, 1/4/16/64s; 2) the mobility based scheme,[3] where the parameter N is 2/4/8s; 3) a mobility-specific scheduling scheme, where the timer is set to 64s for 3km/h, 32s for 30km/h, 4s for 60km/h and 120km/h, respectively; numbers based on the simulation results in section 2.1.  A difference between scheme 2) and 3) is that the latter uses historic information on handovers for the UE to provide a relation between mobility (frequency) and suitable settings for RRC inactivity timer, rather than detecting a single HO. 
The metric for signaling load used here is consumed PRB per data bit.
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Figure 4 Comparison of different triggers for RRC connection release for IM traffic
It can be observed that the performance of scheme 2) is between the fixed timer scheme and the mobility-specific scheduling scheme (labeled “ideal”). For the 3km/h case, with low mobility, schemes 2 and 3 perform equally well, but with higher mobility (~>=30km/h), scheme 2 suffers from the inaccuracy of UE mobility frequency estimation. The reason for this is that if the timer is too short (e.g., 2s, 4s), it is difficult to catch a HO operation because the observation window is too narrow; else if the timer is too long, the observation window becomes too wide incorporating too many HOs. Therefore, to further reduce the signaling overhead, the time for RRC Connection Release needs to be set adaptively based on historical UE mobility information. Note that the mobility information required for this scheme is readily available in current specifications.
Observation 3 Triggering RRC Connection release based on information of mobility frequency will provide improved system performance in terms of signalling load.
3.3 UE power consumption
One of the conclusions from the above results is that it is better to keep the low-mobility UEs in CONNECTED mode to reduce signaling. However, if power consumption is included as a metric will this conclusion still be valid?
The simulation results in Figure 5 show the UE power consumption at 3km/h UE speed for different RRC inactivity timer and DRX settings. These results imply that with an appropriate DRX setting it is possible to achieve comparable power consumption in CONNECTED and IDLE mode, i.e. for 3km/h a long RRC inactivity timer (longer than 32s) should be used together with a long DRX cycle (320ms). Hence, the assumption, based on signaling load, about the most appropriate trigger for RRC Connection Release is correct also from a power consumption perspective. 
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Figure 5 UE power consumption vs. DRX setting and time until RRC Connection Release (denoted in RRC timer in left plot). Left hand side: Different lines are for different DRX long cycle periods. Right hand side: different lines for different RRC Inactivity timers. No DRX short cycle is used.
Observation 4 Reducing signalling cost by adapting the RRC Connection Release Timer with respect to UE mobility status results in lower power consumption when an appropriate DRX long cycle period is selected.

[image: image6]
Figure 6 Packet end to end delay vs. DRX setting and time until RRC Connection Release (denoted in RRC timer in left plot). Left hand side: Different lines are for different DRX cycles. Right hand side: different lines for different RRC Inactivity timers.
Note that the results show that mobility-specific RRC Connection release trigger works well from a power consumption perspective for traffic not particularly delay sensitive, such as background traffic and instant messaging traffic. With the suggested settings, Figure 6,  we can see that delay will be relatively high The packet end to end delay increases with the increasing DRX long cycle length The decrease in signalling (and power consumption) from having a long RRC inactivity timer does not compensate enough.
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Figure 7 Relation between delay and UE power consumption for different DRX configurations for IM traffic.
Figure 7 shows the relation between delay and UE power consumption for some different DRX configurations. Generally, a medium DRX long cycle (e.g., 0.32s) setting will result in both low power and low delay with different DRX short cycle timers. However, with long (e.g., 1.28s) or short (e.g., 0.08s) DRX long cycle it is not possible to reach both low delay and low power consumption.

Observation 5 Terminal speed and cell load have an effect on power consumption; higher speed causes more signalling.
Observation 6 Medium-sized Long DRX cycle gives the best performance when minimum delay and power consumption are considered. Short DRX cycle may be used to fine-tune this performance when needed.

Proposal 1 Add the results with the mobility adapted scheme to TR 36.822. Also, add conclusion that RRC state control, mobility and DRX configurations interact. For best system performance all variables must be considered simultaneously. (see proposal in Appendix 3). 
4 Conclusion
The study is an attempt to include several of the objectives of the WI and analyze them simultaneously. The results show that by setting the correct RRC release timer, using some scheme that takes mobility into account, not only helps reduce signaling load but also helps reduce UE battery power if a suitable DRX setting is applied. 
Observation 1 With higher mobility frequency the RRC connection release timer should be shorter to save resources. 

Observation 2 UEs with low mobility frequency should remain RRC connected to reduce signalling load.

Observation 3 Reducing signalling cost by adapting the RRC Connection Release to the mobility frequency results in lower power consumption.
Observation 4 Reducing signalling cost by adapting the RRC Connection Release to the mobility frequency results in lower power consumption with an appropriate DRX cycle.
Observation 5 Terminal speed and cell load have an (indirect) effect on power consumption; higher speed causes more signalling.

Observation 6 Medium-sized Long DRX cycle gives the best performance when minimum delay and power consumption are considered. Short DRX cycle may be used to fine-tune this performance when needed.

An important conclusion of the current study is that RRC state control, mobility and DRX configurations interact. For best system performance all variables must be considered. One scheme suggested here that adapts the setting of RRC state switching to mobility frequency gives the best results. This mobility adapted scheme performs well in terms of signaling overhead both for scenarios with low mobility and scenarios with high mobility.
Proposal 1
Add the results with the mobility adapted scheme to TR 36.822. Also, add conclusion that RRC state control, mobility and DRX configurations interact. For best system performance all variables must be considered simultaneously. (see proposal in Appendix 3).
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6 Appendix 1: Simulation settings
	Traffic Model

	Traffic Model
	MBM Instant Message traffic on Android platform

	Network Model

	Cell Layout
	7 sites hexagonal grid: 3-sector sites

	Inter-Site Distance
	Macro scenario 1: 500m

	Carrier Frequency
	2 GHz

	Distance dependent path loss
	L = 128.1 + 37.6log10(R) dB
R is distance in kilometers, an extra 20dB penetration loss is added

	Channel Model
	Typical Urban

	Shadow Fading
	Log-normal, 8dB standard deviation, 0.5 correlation between eNBs

	System Model

	Bandwidth
	5MHz

	PRACH
	64 preambles, 10 Dedicated preambles, 0dB PRACH Tx Power ramp-up step
ra-ResponseWindowSize - 5ms, mac-ContentionResolutionTimer - 32ms, 
PRACH Period - 10ms

	PUCCH
	10ms  SR/CQI period

	HARQ
	Maximum retransmission number = 9

	Scheduler
	Proportional Fairness

	RRC
	CONNECTED to IDLE timer = 1s, 2s, 4s, 8s, 16s, 32s, 64s.

	RLC
	Maximum retransmission number - 4

	DRX
	onDuration timer = 2ms, inActivity timer  = 2ms, 
Short cycle = 20ms, Long cycle = 40/80/160/320ms,
Short cycle timer = 20/40/80/100/160ms.

	Handover
	A3 Event simulated, Offset = 4dB, Time to trigger = 40ms

	Synchronization
	Time alignment timer = 1s

	Receiver Noise Factor
	5dB

	Antenna model
	2D 3GPP SCM antenna, 2 Tx and 2 Rx antennas

	User Model

	Receiver Noise Factor
	9dB

	UE mobility
	Straight mobility model, with 3/30/60/120km/h velocity

	Antenna Model
	Omni antenna, 1 Tx and 2 Rx antennas


7 Appendix 2: Comparison of overhead metrics.
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8 Appendix 3: Text proposal for TR
5.3.2 Selecting RRC State for a mobile UE

From the point of view of mobility signaling, it is desirable to place the UE in RRC Idle State as much as possible. However, as noted in Section 5.2, frequent transitions between RRC Idle and Connected states are also undesirable. Some example schemes that are possible within the existing LTE system for controlling the RRC state of a UE are listed below.  Each scheme obtains a different tradeoff between frequency of RRC state transitions and the frequency of mobility signaling.  However, it is also the case that each scheme achieves a different trade off between the time spent in the connected and idle modes and hence impacts to UE battery consumption, the number of simultaneous RRC connections within a cell/eNB and the usage of system resources are also of importance and need to be taken into consideration. Since the parameters governing RRC connections interact the different parameters have to be studied simultaneously, including DRX configurations.
1. Network Initiated RRC Release based on mobility: Different schemes are possible. In one possible scheme, the eNB releases a UE’s RRC connection only if both of the following criteria are met:  i) there has been no data activity for the UE for the past N seconds, and ii) a need for handover for the UE has been identified (e.g. the eNB has received a measurement report with A3 event).  Thus, the eNB performs RRC connection release instead of performing handover. If a handover is required within N seconds of previous user-plane activity, the handover is performed and the RRC connection is not released.
Another alternative can be to use historic information on handovers for the UE to provide a relation between mobility (frequency) and suitable settings for RRC inactivity timer.

5.3.3 Evaluation of schemes to select a RRC State for a mobile UE
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Figure 4 Comparison of different triggers for RRC connection release for IM traffic
It can be observed that the performance of scheme 2) is between the fixed timer scheme and the mobility-specific scheduling scheme (labeled “ideal”). For the 3km/h case, with low mobility, schemes 2 and 3 perform equally well, but with higher mobility (~>=30km/h), scheme 2 suffers from the inaccuracy of UE mobility frequency estimation. The reason for this is that if the timer is too short (e.g., 2s, 4s), it is difficult to catch a HO operation because the observation window is too narrow; else if the timer is too long, the observation window becomes too wide incorporating too many HOs. Therefore, to further reduce the signaling overhead, the time for RRC Connection Release needs to be set adaptively based on historical UE mobility information. Note that the mobility information required for this scheme is readily available in current specifications.

5.4.1
Power consumption as a function of DRX long cycle length

[omitted other text in section to reduce length of contribution]
Note: Traffic profile D from Annex A.2 was used as the basis for the above evaluations. The above figure is taken from R2-120578.  
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Figure 7 Relation between delay and UE power consumption for different DRX configurations.
Figure 7 shows the relation between delay and UE power consumption for some different DRX configurations. Generally, a medium DRX long cycle (e.g., 0.32s) setting will result in both low power and low delay with different DRX short cycle timers. However, with long (e.g., 1.28s) or short (e.g., 0.08s)  DRX long cycle it is not possible to reach both low delay and low power consumption.

The following observations can be made from the above results: 

-
Longer Long DRX cycles give lower power consumption in RRC connected mode
- 
Medium-sized Long DRX cycle gives the best performance when minimum delay and power consumption are considered. Short DRX cycle may be used to fine-tune this performance when needed.
-
In case of traffic with shorter inter arrival times (4-10 msecs), a significant increase of power consumption in RRC connected mode can be observed for the DRX configurations comprising a longer short cycle timer. This is more noticeable in case of the configurations with longer long DRX cycles (640 … 2560 ms).
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