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1 Introduction

The power consumption of the UE is seriously affected by network connection parameters in some PS use cases.  This discussion document presents some parameters and illustrates the affects they have on UE power consumption.
2 Discussion
The NW operates timers to control the time spent in connected states : CELL_DCH, CELL_FACH, CELL_PCH and URA_PCH for PS connections.
T1 : CELL_DCH -> CELL_FACH

T2 : CELL_FACH -> IDLE_PCH/CELL_PCH/URA_PCH

T3 : CELL_PCH/URA_PCH -> IDLE_PCH
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These timers are relevant to PS connections and allow the NW to downgrade and release the connection as a result in inactivity.  There is a need to balance user experience and NW load against UE battery life.  

Frequent connection releases can slow down the system from a user perspective when the user is using interactive services such as web browsing.  With short T1 and T2 values the connection will be released after only a short user inactivity time.  When a follow on link is clicked the user experiences a delay in starting a new connection. 

Frequent connection releases also create extra core network load for starting and ending PS signalling connections.  With long T1/T2/T3 timer values the connection can be maintained at a core network level throughout a browsing session.
There are however background PS signalling connections which are not user initiated and cause regular RRC connections.  These are characterised as ‘keep alive’ clients and include push email clients. These clients maintain the IP connection from UE client to eg email server by regular keep alive poll messages.  The purpose of these messages is to keep the route through the IP network open.  Most push clients implement a dynamic keep alive to find the longest poll period which will prevent the route through the IP network timing out.  Typically keep alive messages will need to be sent every 10-15 minutes.
The background PS connections are problematic because often the user is not aware of the connections so doesn’t understand why the UE battery is being consumed so fast.

When the UE is in idle performing only push email procedures – eg regular poll messages and emails pushed – the power consumption which is significant is the power consumed in CELL_DCH and CELL_FACH states.  The power consumed in the IDLE states is much less significant in comparison – approximately 1.5% of the consumption in CELL_DCH for a given time.  The battery life of the phone in this state is mostly defined by the length of T1 and T2 and the phone HW consumption in the CELL_DCH and CELL_FACH states.  As a guide the power consumed by the cellular modem in CELL_FACH is approximately 50% of that consumed in CELL_DCH state.
UE vendors optimise the HW consumption in connected states but have no control over the NW connection timer values.  As a quick approximation doubling the connected timers will halve the UE battery life for push email operation.

It makes sense to find ways to optimise the NW/UE operation to:

1. [Power] Save power in the background PS connection case – shorter values of T1 and T2 needed
2. [Experience] Maintain the user experience for interactive cases – user experience is improved by avoiding Idle -> DCH transitions which can take 1-3s.
3. [Load] Keep the NW signalling load to a manageable level – T1 & T2 need to be long for interactive use cases only to avoid many connections.
2.1 Shorter T1+T2 timer values

Some deployed NWs have a combined T1+T2 time of around 18s which is very efficient for UE power consumption. With a nominal 12.5 minute keep alive poll time the UE spends approx 2.5% of the time in CELL_DCH/CELL_FACH.

Other NWs have a combined T1+T2 time of 1.5 minutes giving very poor UE battery life. With a nominal 12.5 minute keep alive poll the UE spends 12% of the time in CELL_DCH/CELL_FACH.  This will equate to about 1 day battery life for normal use.
Choosing to set short values benefits [Power] but not [Experience] or [Load].

If [Load] is important to the NW operator then this will stand in the way of setting shorter T1 & T2 timer values.  Also the values chosen will take into account user experience.
2.2 Increased use of CELL/URA_PCH

By adding support for CELL/URA_PCH the NW can be confident in having shorter T1 and T2 timers without increasing [Load].  With suitable parameters for T1 and T2 this solves the [Power] and [Load] issues but affects the [Experience] for interactive cases.
There are however cases where CELL/URA_PCH are deployed but the T1 and T2 timers are far too long – in some cases T1+T2 = 1.5 minutes.  These values are excessive and cause UE battery problems.
Assuming an original setting of T1=12s and T2=33s:
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Using an arbitrary consumption value such that FACH consumption is 50% of DCH:

Before : (12s x 1.0) + (33s x 0.5) = 28.5

After : (8s x 1.0) + (10s x 0.5) = 13

Saving = approx. 55% in connected consumption.

2.3 Use of CELL_FACH only for background PS keep alive connections

If the NW could set the initial UE state to CELL_FACH for background connections the higher consumption associated with CELL_DCH could be avoided.

Only T2 timer is relevant in this case.  By choosing a compromise value for T2, eg 35s, the [Power], [Load] and [Experience] issues can be improved.

Assuming an original setting of T1=12s and T2=33s:
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Using an arbitrary consumption value such that FACH consumption is 50% of DCH:

Before : (12s x 1.0) + (33s x 0.5) = 28.5

After : (35s x 0.5) = 17.5

Saving = approx. 40% in connected consumption.
2.4 UE triggered release of NW connection

To distinguish between background connections and interactive connections a UE control of the connection release may be needed.

By allowing the UE to perform an early release of the PS signalling connection the NW can maintain the T1 and T2 timer values to benefit [Experience] and [Load] but also benefit [Power] for background cases.  When the UE is confident that a PS connections is present to only send poll messages and that it is no longer needed an early release will improve [Power] while avoiding [Load] and [Experience] issues.
With a NW configuration having T1=12s and T2=33s (total 45s) an early release could cut this connection time down to about 6s.

[image: image4]
Using an arbitrary consumption value such that FACH consumption is 50% of DCH:

Before : (12s x 1.0) + (33s x 0.5) = 28.5

After : (6s x 1.0) = 6

Saving = approx. 80% in connected consumption.

This system can be enabled or disabled depending on effective power savings configuration in the NW.  It is preferred that the savings come from NW configuration but this system allows the UE to take control of power saving where needed.
Submissions have been made to RAN2 for Rel7 to define a UE controlled connection release.  However these improvements can’t be implemented in the short term and may never be configured in the live networks.
A mechanism is already defined in 3GPP for UE triggered release of the PS signalling connection – RRC peer message ‘SIGNALLING_CONNECTION_RELEASE_INDICATION’.  With suitable protection against poor UE implementation there should be no reason why this mechanism can’t be used immediately for early release.
3 Conclusion
· The UE power consumption for keep alive connections is poor in current NW deployments.

· Rel-7/8 features (e.g. DTX, DRX, HS-DSCH and E-DCH in CELL_FACH) will provide the best possible battery savings. However, no suitable method is available until such features are deployed.

· UE battery consumption saving methods can be developed under the control of the UE for cases where the NW implementation or configuration is not suitable.

· Large savings with a UE only solution are possible in the short term without operator investment.

Some typical connection timer values seen in live networks:

	T1 timer value
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	CELL/URA-PCH support
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