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Discussion
1 Introduction

In this contribution, fast dormancy is discussed. Specifically, fast dormancy mechanism in UMTS is examined and whether new signaling is required for LTE is discussed. 
Samsung has no strong opinion on this issue. Probably the current two-level DRX scheme already provide decent mean for battery power saving. However since battery saving is very important and the importance would increase in the future, it is worth to discuss the additional mechanism.
2 Discussion
The need for the fast dormancy
In UMTS, there are two mechanisms defined for UE battery saving. One is autonomous signalling connection release (ASCR) which has existed since REL-99 and the other is fast dormancy which was introduced more recently. Both mechanism uses an UE originated RRC message called Signalling Connection Release Indicator (SCRI). In ASCR mechanism, UE autonomously releases RRC connection after SCRI is sent. In the fast dormancy mechanism, UE sends SCRI but keeps the connection until the connection release or state transition is commanded. In this paper, ASCR is not discussed which seems not interested to any operators. 
In UMTS, fast dormancy aims two things;
· UE power saving

· Signalling connection reduction
To achieve above, UE sends a RRC message “Signalling Connection Release Indicator” when UE gets to know that there will be no data activity for prolonged period of time. Upon receiving the message, ENB may move the UE to more battery efficient state e.g. Cell_PCH, URA_PCH or idle mode.
A simple example to show how battery saving is achieved is shown below.
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Figure 1

As depicted in the upper part of the figure, when ENB detects data inactivity for a certain UE, it starts an internal timer (let’ say timer 1). If data activity does not resume until timer 1 expires, RNC moves UE to more power efficient state, e.g. Cell_PCH. Another timer, e.g. timer 2, starts upon state transition. RNC moves UE to the idle state when timer 2 expires. The timer handling is purely implementation issue and not shown in the specification. 
If UE knows that there will be no more data activity and if there is a mean to indicate it, the state transition could happen earlier as shown in the lower part of the figure. It means that UE is put into the battery efficient state quickly and the battery saving gain is achieved with this. 
Considering that the sum of timer 1 and timer 2 could be typically around 10 second, the power saving gain would be limited to 10 second per data burst. It may or may not be significant depending on the frequency of the data burst. Anyway it seems true that services bearing such characteristics (generating small packet infrequently) become more and more popular. Examples would be Instant Messaging, Social Media (Twitter/Facebook/MySpace), Stock Portfolio updates, Email / Calendar / Contact synchronisation, RSS feed readers and so on. 
Since the coming years when LTE is widely used will see more and more such services, the need for better battery saving mechanism for LTE seems at least more than that for UMTS.  
Observation 1: UE battery power saving in LTE is as important as that in UMTS.

The signalling reduction is achieved by placing UE in PCH state before releasing RRC connection. It is because signalling load for state transition is much smaller for PCH state to DCH/FACH state than for idle state to DCH/FACH state. If we dimension long DRX operation of LTE as PCH state of UMTS, a similar level of signalling reduction would be achievable.  

Fast dormancy in LTE
Fast dormancy in UMTS is the mechanism to move UE either to PCH states or IDLE mode faster. There is no PCH state in LTE, but it is possible to achieve the similar battery efficiency by configuring DRX with relatively long cycle length (i.e. 1.28 or 2.56 second) and the shortest on-duration timer (i.e. 1 m sec). The question would then be whether LTE fast dormancy should consider the scenario to move UE to the battery efficient connected mode (i.e. longest DRX cycle and shortest on-duration timer). 
There are three approaches to achieve the better battery consumption. 
Approach 1: To switch to the long DRX

Approach 2: To change the DRX configuration so that the longer DRX cycle length and the shorter on-duration timer than the current ones can be used

Approach 3: To release the RRC connection
In the next section, each approach is examined in more detail to see whether additional UE signalling is required.

Approach 1: To move UE to the long DRX upon data inactivity 

If the main motivation of the fast dormancy is to apply longer DRX quickly, it is already supported to some extent. LTE supports two level of DRX; short DRX and long DRX. UE switches to the long DRX after certain period of data inactivity. The length of the period depends on the configuration. The switch can be as quick as 2 msec (i.e. shortDRX-Cycle = 2 msec, drxShortCycleTimer = 1) and as slow as 10240 msec (i.e. shortDRX-Cycle = 640 msec, drxShortCycleTimer = 16). It seems more than enough because switching to the longer DRX with the explicit signalling will anyway require at least tens of msec. As an example following DRX configuration would serve the battery saving better than any other explicit signalling mechanism.
· OnDurationTimer = 1 msec; drx-InactivityTimer = 10 msec; shortDRX-Cycle = 10 msec
· drxShortCycleTimer = 2
· longDRX-Cycle = 1280 msec
UE transits to the long DRX after 20 msec of data inactivity. After then UE wakes up only 1 msec per 1280 msec which seems good enough battery saving. 
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Figure 2
It should be noted that long DRX cannot be fully comparable to Cell_PCH or URA_PCH state because of measurement configuration/reporting procedure and handover procedure that are not required in PCH state. 
Observation 2: Two-level DRX scheme in LTE already supports the fast transition to long DRX. There is no need for new signalling to support it.
Approach 2: To change the DRX configuration
DRX configuration itself may need to be changed to support better battery consumption e.g. when the UE does not support two level DRX or when the current configuration is not optimal (e.g. long DRX cycle length is not long enough or on-duration timer is too long). ENB may wait internal timer to expire before changing the DRX configuration. Or similar to SCRI, UE indication for no more data activity would trigger the reconfiguration quickly.  The benefit from such fast reconfiguration may depend on the old DRX configuration. If old one is very inefficient (e.g. longDRX-Cycle is too short, onDurationTimer  is too long), switching to the efficient configuration may bring significant battery saving gain. Otherwise if the current one is already good enough, switching to even better configuration more quickly may not be that important. 
To get some hints on the expected gain, a simple analysis is given below.

	Assumption on ENB timer and UE based signalling
	ENB internal timer = 5 second, new message is transmitted when the timer is started (i.e. UE determines that no data activity will take place almost same time when ENB starts the internal timer)  

	Old DRX configuration
	onDurationTimer = 10 msec, longDRX-Cycle = 160 msec, no short DRX is configured

	New DRX configuration
	onDurationTimer = 1 msec, longDRX-Cycle = 1280 msec, shortDRX-Cycle = 160 msec, drxShortCycleTimer = 1

	The length of active period if the configuration to the new DRX configuration happens at timer expiry
	Number of onDurations until timer expires = 5000/160 = 31.25
Sum of onDurations = 31.25 * 10 = 312.5 msec

	The length of active period if the configuration to the new DRX configuration is triggered by UE signalling
	Number of onDurations until timer expires = 160/160 + (5000-160)/1280 = 4.78

Sum of onDurations = 1 * 10 + (4.78-1) * 1 = 13.78 msec


Observation 3: The gain of changing the DRX configuration more quickly depends on the efficiency of the current DRX configuration. 
Observation 4: To change the DRX configuration more quickly, new signalling is required.
Approach 3: To release RRC connection

It may not be a good approach in most cases to release RRC connection directly upon data inactivity, since data activity may resume shortly which leads to the heavy signalling for idle to active transition. However if ENB is somehow certain that there would be no more data activity for this UE, releasing the RRC connection is the best way to preserve UE battery.  
The confidence may be achieved upon ENB internal timer expiry. Alternatively, UE indication similar to SCRI would trigger the release more quickly. Similar to DRX configuration change, the gain of more quickly releasing RRC connection depends on the efficiency of the current DRX configuration.
Observation 5: The gain of releasing RRC connection quickly depends on the efficiency of the current DRX configuration. 

Observation 6: To release RRC connection more quickly, new signalling is required.

3 Proposal
In our understanding, fast dormancy is already supported in LTE (i.e. in the approach 1). If additional means to e.g. change DRX configuration or to release RRC connection more quickly is required, new signalling mechanism similar to SCRI should be considered.
It is proposed to discuss whether new signalling to change DRX configuration or to release RRC connection quickly is required for REL-10.  
If the clear motivation is identified, RAN2 should discuss how to support such signalling. 
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