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1 Introduction

Presently, the RRC protocol allows the mobile to have different DRX periods in CELL PCH and URA PCH state controlled by the network. 
It is of interest to note that in order to change the DRX periods, it has to be done by explicit signalling. As a result of this protocol choice if we would like to have faster call setup close to the point in time the transition occurred and then increase the DRX time further away from this point in time we would have to increase the signalling load in UTRAN.

The network sends mobiles into CELL PCH and URA PCH state in order to ensure that the mobile is not left in CELL FACH for too long, and thus allows to economise on battery life, as in CELL FACH state the mobile is decoding the downlink FACH continuously.

In fact looking at the RRC protocol as a whole there must be a way that one can optimise the behaviour of the mobile and network in order to achieve a better trade off between signalling load and the performance of the network and call setup times for Rel-7. To this end we propose to take a new look at the RRC protocol’s structure and suggest a way forward that can improve both the signalling load of the network and better network performance. In order to do this we suggest that we investigate the following issues:

· The need for explicit signalling for exiting from CELL FACH to CELL PCH

· The need for explicit signalling for exiting from CELL PCH to URA PCH

· The possible use of a pre-configured CELL PCH and URA PCH DRX period.

· The possible use of pre-configured inter-frequency measurements.

The foreseen increase in IMS services means that there is a need to have both faster call setup times for the PS domain and increased traffic but at the same time maintain a good quality of services.

2 Description

2.1 Implicit signalling  (for transitions CELL FACH -> CELL PCH; CELL PCH -> URA PCH; URA PCH -> IDLE)

In general at the end of a PS transaction the network triggers a transition to CELL FACH.

In the case that packets are not received (after a period of time) it triggers a transition to CELL PCH or URA PCH states. In the case of a transition to CELL PCH state the network may trigger a transition to either URA PCH or IDLE etc.

The network is more or less programmed to go through this sequence at the end of each packet session and as a result there is explicit signalling needed just to push mobiles from one state to another. We would like to suggest that an evolution of the RRC protocol for Rel-7 should investigate the possibility to have implicit RRC signalling in order to make these state transitions automatic without the need for explicit signalling.

In below Table 1, the proposal allows RRC state transition for circled events without explicit signalling for down switching of RRC states.

	
	To

	From
	
	CELL_DCH
	CELL_FACH
	CELL_PCH
	URA_PCH
	IDLE

	
	CELL_DCH
	
	When all DCH are
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A packet service session

First packet arrival 

to base station buffer

Last packet arrival 

to base station buffer

A packet call

The instans of  packet arrivals

to base station buffer

released, via

explicit signalling 
	
Via explicit

signalling
	
Via explicit

signalling
	On release of the RRC connection
Via explicit

signalling

	
	CELL_FACH
	Dedicated physical

channel established

via explicit signalling
	
	Via explicit

signalling
	Via explicit

signalling
	On release of the RRC connection

Via explicit

signalling

	
	CELL_PCH
	
	Paging from

UTRAN or UL

access
	
	Via explicit

signalling

(Note 1)
	Via explicit

signalling

(Note 1)

	
	URA_PCH
	
	Paging from

UTRAN or UL

access
	
	
	
Via explicit

signalling

(Note 1)

	
	IDLE
	
	Establish RRC connection Via explicit

signalling
	
	
	

	Note1:- No resources have been granted for data transmission requiring a transition to an intermediately state.


Table 1: RRC connection state transitions

2.2 Pre-configured DRX in CELL PCH & URA PCH

In order to be able to have different DRX periods for CELL PCH and URA PCH states we can also have the possibility to have implicit signalling. This means that the mobile and network synchronises could change the DRX schemes based on timers rather than signalling.  Applications such as VOIP require constant bit rate and certain types of video require variable bit rate. A typical traffic source for packet service does not generate data at a constant rate but is a very bursty connectionless traffic. A user browsing the web transfers a page and then looks at it before requesting further transfer. In below Figure 2.2.1, the reading time is the time between packet calls within a packet session. Retrieving a succession of e-mails and interacting in a chat session are typical applications that tend to have bursty traffic. 
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Figure 2.2.1 Packet data model with packets (datagram) arriving as part of a packet call.

If one accepts the view that such bursty traffic with high peak to average data rate traffic will be increasingly carried by the network, DRX parameters in the system has a significant impact on the system. For bursty applications which requires user interaction it is very likely there is data to follow soon at staggered intervals. I.e. there is high probability that further data is received soon after a burst of data is transferred. This requires a shorter DRX length towards the end of traffic burst in anticipation of more data. A shorter DRX length is not ideal for UE’s battery life. For the networks, a shorter DRX cycle means increase in consumed power and overall increase in downlink interference due to more frequent paging. After a period of inactivity (typically when the user is not using the always-on application) it is preferable to have a longer DRX cycle saving power in the system and reducing the paging load in the system. 

[image: image2]
As the network cannot predict the data from the application it is highly probable that applying a single long DRX period is detrimental to the overall system. 
DRX Timer reconfiguring in CELL_PCH/URA_PCH with no explicit signalling is best implemented with a two phased approach of shorter DRX cycle (for reduced latency) in anticipation of further data followed by a longer DRX cycle (increasing the system capacity and power saving). 
A separate signalling procedure to indicate the new DRX cycle would be an overhead on the system and a implicit signalling based on timers would be a logical option and is envisaged to be beneficial to the overall system.

Another way to reduce signalling between the network and the UE, and also to reduce power consumption, is that the UE go directly from CELL_DCH to CELL_PCH state, only for that typical scenario.
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2.3 Pre-configured Inter frequency measurements in CELL PCH & URA PCH

For RRM reasons we can also have the implicit signalling and periods controlled by the network for inter frequency measurements whilst in CELL PCH and URA PCH. We believe by doing this we can have a happy trade off between quick reaction time and have inter-frequency measurements available. 
When in CELL_DCH state, the UE is required to use connected mode measurement control information received in other states until new measurement control information has been assigned to the UE. 
It is proposed that the inter-frequency measurement information that the network would provide in the MEASUREMENT CONTROL message be additionally provided in the message for implicit transition. The network is then not required to provide explicit MEASUREMENT CONTROL message when the UE enters CELL_FACH or CELL_DCH for the UE to start reporting inter-frequency measurements. 
2.4 Proposed solution

It is proposes to specifying the time in CELL_FACH,CELL_PCH and URA_PCH along with the DRX cycle length for up to two DRX cycles to facilitate UE to perform state transition and inter-frequency measurements in XXX_PCH state implicitly. 
It is also our proposal to indicate absolute time (Absolute Frame number) for implicit transitions rather than a delay offset to avoid loss of synchronisation in RRC states between UE and the UTRAN. It is proposed that the message is sent using RLC AM mode on DCCH. UE is required to use the information from the most recently received instance of the message. This allows the UTRAN to reconfigure the timer and other measurement information if further activity is foreseen during the state transition and the information is required to be re-configured.

It is FFS if the information is provided using an existing message or a new message is required to be introduced.
3 Traffic Model

Traffic model using Pareto distribution for a typical web browsing session in [1] shows average packet size of 480 bytes with average of 25 packets in a packet call resulting in an average file size of 12 Kbytes. 
Typical inactivity timer values for transition from CELL_DCH to CELL_FACH and from CELL_FACH to CELL_PCH or URA_PCH is 5 to 10 seconds, from CELL_PCH to Idle mode being 20 to 40 minutes.

In [1], we have the following parameters for a typical web browsing session:
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Packet Data at 8 kbit/s 5 412 25 0,5

Packet Data at 32 kbit/s 5 412 25 0,125

Packet Data at 64 kbit/s 5 412 25 0,0625

Packet Data at 144 kbit/s 5 412 25 0,0277

Packet Data at 384 kbit/s 5 412 25 0,0104

Packet Data at 2048 kbit/s 5 412 25 0,00195


So assuming a average reading time of 412 seconds (above), and Tcell_fach of 7 seconds, Tcell_pch of 20 seconds and Tura_pch of 1800 seconds (below)
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Tcell_fach (Stay time in CELL_FACH) 7

Tcell_pch (Stay time in CELL_PCH) 20

Tura_pch (Stay time in URA_PCH) 1800


It can be shown that the UE remains in URA_PCH state on most occasions between packet calls. 


From above we can conclude that the UE transition to URA_PCH and UE operation in URA_PCH needs to be optimal.

3.1 System signalling load consideration

Figure 3.1.1 below shows a typical set of signalling required for a web browsing session between packet calls (reading time). 
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Figure 3.1.1 Typical signalling at end of packet call.

Now Figure 3.1.2 below shows our suggestion of a typical set of signalling required for a web browsing session between packet calls (reading time). 
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Figure 3.1.2 Suggest typical signalling at end of packet call.

As seen from below figure 3.1.2, a new message sent from UTRAN to UE with indication of inactivity timer values can significantly:

· reduce the signalling (from 14 to 2) 
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· reduce significantly FACH and PCH radio resource in the system:
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· reduce UE power consumption, by going directly through CELL_DCH to CELL_PCH state, which mean that during 7 seconds of the 412 seconds of reading time, the UE gain in power consumption:
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4 Conclusion

Unlike the voice traffic, packet data traffic is highly dependent on the application. Packet data traffic has a widely varying inter-arrival time between data packets and the packet length. i.e., they have high degree of burstiness. 
It has been shown in clause 3, the UE during a web-browsing session remains in URA_PCH for a significant duration of the reading time. 
The RRC state transition depends on the inactivity timer maintained by the UTRAN. Inactivity timer length is inversely proportional to the bit rate and is preferred to be shorter for bursty traffic. From QoS point of view, the system would also benefit from shorter DRX cycle length. So there is a trade-off between the inactivity timer (user performance), battery power user QoS and network resource consumption.

The network, during the low UE activity (reading time), for moving the UE to the URA_PCH state (From CELL_DCH-> Cell_PCH -> FACH > URA_PCH), the proposed new signal reduces the signalling load as shown in sub-clause 3.1 and also eliminates the need for additional state transition to CELL_FACH to move the UE from CELL_PCH to URA_PCH.
This proposal has demonstrated that significant gain to the overall performance can be achieved using simple procedures by 

· Reducing the number of signals required for down switching of RRC protocol state using implicit signalling.

· Having configurable DRX and inter-frequency measurements in CELL PCH and URA PCH states so that when packets are to be sent the measurements are already available without having to have explicit signalling.

It is proposed that the group discuss the additional gain of this proposal as an Rel-7 enhancement.
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		Total time in CELL_PCH with IPR		108		0.4

		Total time in URA_PCH		1540		0.2

		Average of Power during  a packet session without suggestion		0.6950

		Average of Power during  a packet session with suggestion		0.6900

		Gain in Power		0.72%
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		Packet based information types		Average number of packet calls within a session		Average reading time between packet calls  [s]		Average amount of packets within a packet call []		Average inter-arrival time between packets [s]

		Packet Data at 8 kbit/s		5		412		25		0.5

		Packet Data at 32 kbit/s		5		412		25		0.125

		Packet Data at 64 kbit/s		5		412		25		0.0625

		Packet Data at 144 kbit/s		5		412		25		0.0277

		Packet Data at 384 kbit/s		5		412		25		0.0104

		Packet Data at 2048 kbit/s		5		412		25		0.00195
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		Duration of the State after a Packet Call		in seconds

		Tcell_fach (Stay time in CELL_FACH)		7

		Tcell_pch (Stay time in CELL_PCH)		20

		Tura_pch (Stay time in URA_PCH)		1800
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