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1
Introduction

RAN#52 has approved a new WI on further enhancements to CELL_FACH as a part of Rel-11 [1]. One of the research topics in this WI is the UE battery life improvement and signalling reduction. As the outcome of the discussion, in addition to the adoption of the 2nd DRX, RAN2#76 has agreed to “work on other solutions”. 

In this paper, we present simulation results on how many state transitions occur upon the reception of data, recorded as a trace file from the real life applications. As we show, due to the bursty nature and large variations in the packet sizes,  it is not possible to assume that a UE will spend most of its time either in DCH or FACH state. Instead, constant state transitions between the DCH, FACH, and PCH states occur. As a result, the autonomous state transition can reduce the related signalling load. 

2
Autonomous state transition 

In the legacy networks, the network has to send explicitly the RRC message to move a UE from FACH into a more power efficient state, e.g., URA or CELL_PCH. Practically, the RNC runs an internal inactivity timer, upon expiry of which an appropriate sequence of the RRC messages is triggered. To optimize this case, it is possible to signal that timer to a UE, so that the latter moves autonomously to the PCH state upon its expiry.

Section 3 provides more insight on the implementation details, however, it bears mentioning that this timer can be (re-)started identically to the logic the existent T321 timer has. Obviously, once the FACH DRX is configured, the state transition timer should be larger to let a UE to enter and stay in DRX for some time before moving to a more power efficient state. Since the UE in PCH state does not require any specific transport channel configuration, this state transition can be implemented with minimum efforts.

Proposal 1: Introduce the autonomous state transition from FACH to PCH.

From the practical and implementation point of view of the dedicated RRC signalling, there is almost no difference between moving a UE to PCH from either DCH or FACH. Thus, we do not expect any obstacle in allowing a UE to move autonomously from DCH to PCH. The network can signal the inactivity timer value, which will be reset as it happens now for the similar timer, which governs when a UE enters the DRX cycle in the DCH state. Upon its inactivity timer expiry, a UE will move autonomously to the PCH state.

Proposal 2: Introduce the autonomous state transition from DCH to PCH.

Since different network implementations may have different RRM considerations with regards to when and to which more power efficient state a UE should be moved, we should also consider the DCH to FACH transition. The only challenge we can foresee here is how the channel mapping configuration should be communicated to a UE. One possible solution is to exploit the fact that the mapping options can be provided with the dedicated RRC signalling by the network before the actual state transition takes place. So, it is the network responsibility to signal that information whenever a UE enters the DCH state. Another solution, which does not exclude the first one, is to rely upon the “Default CELL_FACH configuration” similar to the way it is done for the dedicated RRC signalling, where just the index of the pre-configuration it sent to the UE. 

Proposal 3a: Introduce the autonomous state transition from DCH to FACH.

When a UE is moved to the FACH state from DCH by means of the dedicated and explicit RRC signalling, it has to wait for the T321 timer before entering the DRX cycle. In case of the autonomous state transition to FACH, we can assume  safely that no transmission took place before that event, and thus a UE can enter immediately the DRX cycle, if it is configured by the network. It will save a UE battery as it will not have to wait for the T321 timer before entering the first DRX.

Proposal 3b: Consider a UE moving straight to the (enhanced) DRX cycle upon the autonomous transition into the FACH state.

3
Simulation results

In this section we present the simulations results on how many state transitions a UE experiences upon receiving the application level data, which was recoded from RAN. We assume that the operator enables DCH, FACH, and PCH states, and the UE supports enhanced DL and UL in the FACH state. The network can move a UE between the aforementioned states; for the sake of simplicity, the direct transition from DCH to PCH was disabled. The network moves a UE from FACH to DCH if the buffer size exceeds the threshold of 5 Kbytes. If the UE buffer stays smaller than 5 Kbyte for at least 5 seconds, then it is moved back to FACH. The same timeout of 5 seconds is used to move a UE to PCH. 
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Figure 1: Recorded application traffic traces

Figure 1 presents two traffic traces we inject to the simulator. As can be seen, the first one is a shorter trace with only a few large bursts of data, whereas the second one represents the longer interaction with a number of periods of inactivity and bursty data transmissions. Despite these differences, these two traffic sources share common characteristics, as summarized in Table 1 and Table 2. In particular, the share of the time a UE spends in each state is quite similar. Furthermore, as can be seen from Table 2, the state transition intensity is almost identical for both sources.  

Table 1: RRC state summary.

	Trace
	DCH time [%]
	FACH time [%]
	PCH time [%]
	RRC transition time [%]

	Trace 1
	9.6
	17.8
	71.4
	1.3

	Trace 2
	6.6
	27
	64.7
	1.7


Table 2: RRC state transition summary.

	Trace 
	DCH->FACH
	FACH->DCH
	FACH->PCH
	PCH->FACH
	Total
	1/s

	Trace 1
	2
	3
	10
	10
	26
	0.07

	Trace 2
	35
	35
	112
	112
	294
	0.08


One of the most important findings is that one see clearly state transition ping-pongs for DCH and FACH, and for FACH and PCH. Indeed, once a UE enters PCH, it sooner or later will move to FACH. In turn, the FACH state capacity maybe not enough and a UE will be moved to DCH, from which it will sooner or later transit back to FACH. So, regardless of the traffic profile, there are constant state transition ping-pongs, with the only difference is whether they are mostly between DCH and FACH, or between FACH and PCH, which is governed by a particular application type. Thus, by introducing the autonomous state transition, the related control signalling can be reduced by 50%.

4 Implementation aspects

In this section we provide a high-level overview of how the autonomous state transition can be implemented in terms of the associated control signalling. 

The Table 1 below shows a sample implementation of the control information that the network can signal to a UE to activate the inactivity timer based fallback to a more power efficient state. The whole table can be contained within an optional IE that the network can omit if this feature is not needed. If it is included in the RRC reconfiguration message upon moving a UE to a particular state, then the presence of this IE indicates that the fallback is enabled with the corresponding parameters. The basic information is the inactivity timer value and the target state where a UE should move upon the expiry of the aforementioned timer. In the target state is CELL_FACH, then the default configuration for CELL_FACH can be also provided. While moving a UE to the CELL_FACH or CELL_PCH states, there is an option for the network to control whether the UE should clear its H-RNTI and E-RNTI values, or keep using the same ones, or switch to different values.

Table 3: Sample structure of the RRC control information for the inactivity timer based state fallback

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	RRC state indicator
	MP
	
	RRC state indicator 10.3.3.35a.
	Target state where a UE should move upon expiry of the inactivity timer.
	REL-11

	Inactivity timeout
	MP
	
	ENUMERATED (....)
	Inactivity timeout, after which a UE moves to a more power efficient state.
	REL-11

	CHOICE 
	OP
	
	
	Absence of this IE means that a UE must clear the dedicated H-RNTI and E-RNTI upon moving to a power efficient state.
	REL-11

	> Use existent H-RNTI and E-RNTI
	MP
	
	ENUMERATED(TRUE)
	TRUE means that a UE must keep the dedicated H-RNTI and E-RNTI. 
	REL-11

	> New values
	
	
	
	
	

	>> New H-RNTI
	MP
	
	H-RNTI 10.3.3.14a
	A new H-RNTI value a UE must use after it moves to a more power efficient state.
	REL-11

	>> New E-RNTI
	MP
	
	E-RNTI 10.3.3.10a
	A new H-RNTI value a UE must use after it moves to a more power efficient state.
	REL-11

	Default configuration for CELL_FACH
	CV-FACH
	
	Default configuration for CELL_FACH 10.3.4.0a
	
	REL-11


As mentioned above and in section 2, the only way to synchronize accurately inactivity timers between a UE and RAN is to use the HS-SCCH channel and its activity, similar to the way it is defined for the DRX functionality. However, RNC is not aware of the HS-SCCH activity, only NodeB. Thus, as also mentioned in [2], the autonomous state fallback may require an indication from NodeB to RNC about the changed state. The alternative implementation is that the timer runs inside RNC and considers some guard interval, which account for the Iub and NodeB scheduling delay. This solution does not require any indication, but is less accurate. 

The Table 2 below provides a sample structure of the control information that the NodeB can signal to the RNC to indicate the changed state of the UE upon the expiry of the inactivity timer.  Since the inactivity timer approach requires the monitoring of the HS-SCCH channel activity, which in turn assumes the presence of the dedicated H-RNTI, it is a possible way to identify a particular UE for both the DCH and FACH states (however, it is not the only way to do it). In addition, the NodeB can signal the CFN value, where the state transition has occurred. 

Table 4: Sample structure of the NBAP indication to RNC for changed state of a UE.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	HS-DSCH-RNTI
	M
	
	9.2.1.31J
	
	YES
	reject

	Target RRC State
	O
	
	
	
	YES
	reject

	RRC State Change CFN
	M
	
	CFN

9.2.1.7
	
	YES
	reject


It should be noted that the target RRC state in Table 2 might be redundant since it is clear to which state a UE will fallback, once it occurs. From the CELL_FACH state, a UE can move only to CELL_PCH. From the CELL_DCH state, it is up to RNC decide. However, once it is decided as a part of the control information sent by RNC to a UE and NodeB, any further state indication is somewhat redundant.

5
Conclusion

In this paper we have presented our considerations on the UE autonomous state transition to more power efficient states. As follows from the simulation results, regardless of the application type that requires more or less high throughput, there observed constant state transitions between DCH and FACH, and between FACH and PCH. Thus, the introduction of the autonomous state transition can alleviate the amount of signalling by up to 50%. As we elaborated in section 2 and 4, the implementation efforts should be minimal to enable it. 

Proposal 1: Introduce the autonomous state transition from FACH to PCH.

Proposal 2: Introduce the autonomous state transition from DCH to PCH.

Proposal 3a: Introduce the autonomous state transition from DCH to FACH.

Proposal 3b: Consider a UE moving straight to the (enhanced) DRX cycle upon the autonomous transition into the FACH state.
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