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1
Introduction

At RAN#2 68, discussions continued on Fast Dormancy.   It is clear that there is wide agreement to introduce this feature as soon as possible.   In addition, all companies agreed that the broadcast of the T323 timer is important and required for proper interoperability of the feature, and it was further clarified that the UE is to maintain the PS signalling connection after sending the RRC Signalling Connection Release Indication with the cause value “UE Requested PS Data session end [1]”.  Significant progress has been made, with only the issue of the use of Release-8 Fast Dormancy in PCH states to resolve.  While a CR with a proposed restriction for this case was technically endorsed at RAN#2 68 [2], opinion on this CR was split and there was no agreement.  

2
Discussion

With proprietary Fast Dormancy implementations, the UE utilized the RRC Signalling Connection Release Indication message with no cause value.   As this message is also used when there is a genuine signalling connection release, the network had no way of determining for which reason the message was sent.   Hence the only safe thing for the network to do is to transition the UE to IDLE in order to re-establish the full connection the next time a data transaction is required.

With the implementation of Release-8 Fast Dormancy, the UE utilizes the same RRC Signalling Connection Release Indication message but now including a cause value set to “UE Requested PS Data session end”.  The network therefore knows that the UE is requesting a transition to a more battery efficient state.   The UE maintains the PS signalling connection [1], and the network has the choice to reconfigure the UE to a different state,  including but not limited to IDLE.
It is understood that in order to minimize the additional signalling due to subsequent RRC connection establishments, the network may in many cases choose to move the UE to CELL_PCH or URA_PCH states.   When the DRX cycles are sufficiently long, these states can afford the UE reasonable battery performance.   

However, as this state is not the most battery efficient state for the UE (the most battery efficient state is IDLE), it is possible (in the case of an inactive UE) that after the UE is reconfigured to CELL_PCH or URA_PCH the UE will again send an RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end” in order to request a transition to IDLE.  The network may wish to move UEs that it knows to be inactive (because they have sent the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end”) to IDLE in order to improve the user experience in terms of standby time realized by the inactive UE, or in order to reduce the number of UEs that it needs to maintain in CELL_PCH or URA_PCH states.
The impact on battery life of keeping a UE in CELLPCH or URA_PCH compared with moving it to IDLE will vary considerably depending on the actual UE activity and mobility, however if the simplest case of an inactive UE is considered, then it can be shown that the potential impact in not negligible.  The following common network scenarios are considered.
	
	DRX Cycle Length in PCH
	DRX Cycle Length in IDLE

	Situation #1
	320 ms
	640 ms

	Situation #2
	640 ms
	1280 ms

	Situation #3
	1280 ms
	2560 ms


Table 1 - Examined Situations for PCH/IDLE Mode Comparison

The current consumption in CELL_PCH and IDLE states was measured for several in-market UEs from different manufacturers.  This was done for Situations #1-3 as described in Table 1 above.  The average current consumption value across all devices measured was then calculated.

	
	Average Current Consumption in CELL_PCH
	Average Current Consumption in IDLE

	Situation #1
	7.1 mA
	4.8 mA

	Situation #2
	4.8 mA
	3.5 mA

	Situation #3
	3.6 mA
	2.7 mA


Table 2 - Average Current Consumption in PCH and IDLE States
Typical smart phone batteries are available in 1500 mAh, 1300 mAh, and 1000 mAh as examples, and a typical efficiency for such batteries is 95%.   The current consumption and the battery capacity can be used to determine the impact on the standby time for the UE, given the assumptions above. 

Regardless of the size of the battery, the impact in terms of percentage loss in standby time in each of the cases is the same:  

· for a network using DRX timer of 320 ms in CELL_PCH and DRX timer of 640 ms in IDLE, the percentage loss in standby time is 33%

· for a network using DRX timer of 640 ms in CELL_PCH and DRX timer of 1280 ms in IDLE, the percentage loss in standby time is 27%

· for a network using DRX timer of 1280 ms in CELL_PCH and DRX timer of 2560 ms in IDLE, the percentage loss in standby time is 25%

While this scenario is clearly very simplified, the standby time metric is an important one to consumers and is listed on every product specification sheet.
The CR in [2] proposes to only allow the UE to send the RRC Signalling Connection Release Indication with the cause value “UE Requested PS Data session end” in CELL_PCH and URA_PCH when the DRX cycle in these states is less than half of the DRX cycle in IDLE.  This restriction on the use of Release-8 Fast Dormancy means that in some networks UEs will be prevented from sending the SCRI message with cause from CELL_PCH or URA_PCH, however in other networks the UE will still be allowed to request a further transition.  A concern with the proposal in [2] is that it ties the behavior of a feature to network DRX settings.   If operators decide to change these settings for broader system reasons, this could result in a sudden change in behavior for the UEs in their network that support this feature, which is undesirable. 
The inhibit timer for the use of the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end” message can take a maximum value of 120s or 2 minutes.   Therefore the UE in CELL_PCH state or URA_PCH state can request to the network, every two minutes, a transition to IDLE for Fast Dormancy.  If the network, upon receiving these SCRI messages, moves the UE back to its original state (CELL_PCH or URA_PCH), then the sending of this messages has been a waste of network resources and battery resources for the UE.  Given that such UE behaviour would negatively impact the UE battery life, it is unlikely that sensible UE implementations would behave in such a way.  However, it is evident from the discussion that led to the generation of [2] that some network vendors would prefer to have a specification requirement rather than rely on sensible UE implementation.
There may be some cases where the network does not want to maintain all UEs in CELL_PCH or URA_PCH states, and would benefit from knowing which UEs have a high confidence that they are not going to require further data services in the near future.   In this case, if a UE does send the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end” then the network has the option of moving this UE to IDLE so that it does not need to be maintained in CELL_PCH or URA_PCH.

A straightforward restriction is proposed to alleviate the concern regarding unrestricted repeated fast dormancy requests from poor UE implementations in CELL_PCH or URA_PCH state, as well as to accommodate the case where the network does want to selectively move some UEs to IDLE.  

When the UE is in CELL_PCH or URA_PCH states,  it could be allowed to send only a finite number of RRC Signalling Connection Release Indication messages with the cause value set to “UE Requested PS Data session end” in the case where the network returns the UE back to its original PCH state after the sending of these messages.  The network can control the number of times the UE would be allowed to use Fast Dormancy while the network prefers to keep it in PCH state.  This alleviates the concerns that UEs with poor Fast Dormancy implementations will send too frequent SCRI messages even though the network has shown that this will not result in an RRC state change for the UE.

In other words, if when the UE requests a state transition using the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end”, and the network moves the UE back to its current RRC state (e.g. back to CELL_PCH or URA_PCH since the UE needed to move to CELL_FACH in order to send the SCRI) then the UE decrements the number of remaining Fast Dormancy requests that it is allowed to send.

 If the UE moves to a different RRC state because a data transaction is initiated (e.g. it receives a page and or its buffer shows that it has PS data to send), then the number of Fast Dormancy requests that the UE is allowed in CELL_PCH or URA_PCH states resets for the next instance of entry into this state.

In addition if the UE makes a transition to CELL_FACH state to transmit a CELL_UPDATE message or a URA_UPDATE message for cases where this is not to send PS data, and the response from the network moves the UE back to CELL_PCH or URA_PCH state, then this does not reset the number of Fast Dormancy requests that the UE is allowed. This covers cases when these messages are sent due to normal RRC procedures.
By decoupling the sending of the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end” message from the DRX settings in PCH states, the network can continue to have flexibility in the setting of these parameters without consequences to the behaviour of another feature.  If the network intends to maintain all UEs in PCH states, then it should consider aligning the DRX timers in IDLE and PCH states in order to minimize the user impact due to increased UE battery drain in PCH states.  Alternatively the network may change its DRX settings without risking changing the behavior of UEs in its networks.   By setting the repetition counter for Fast Dormancy requests in PCH states to a small number, all network requirements can be satisfied.
3 Conclusions
It has been agreed that early implementation of Release 8 Fast Dormancy by networks and UEs will alleviate many of the issues that networks are seeing today with poor proprietary Fast Dormancy implementations.   

The proposed restriction in [2] for the UE using Fast Dormancy in CELL_PCH and URA_PCH will tie the behaviour of the UE to the values of the IDLE DRX cycle and the PCH DRX cycle which could be undesirable for many networks.   

The network can have the choice of moving truly inactive UEs to IDLE state while ensuring that it doesn't receive frequent SCRI messages from UEs with poor Fast Dormancy implementations by limiting the number of times that the UE in PCH state may send the RRC Signalling Connection Release Indication message with the cause value set to “UE Requested PS Data session end” using a repetition counter.  This will alleviate both the network signalling concerns as well as allowing the network to know which UEs do not need to be in PCH states.
Accompanying this discussion paper is a CR to TS25.331 [3] which introduces this repetition counter for the use of the RRC Signalling Connection Release Indication with the cause value “UE Requested PS Data session end”.  As noted in RP-090941 [4], “Finding the right balance between signalling load and battery life will enable efficient use of network resources and have the cell capacity restricted by traffic load rather than signalling load.”   It is felt that the proposed restriction in [3] combined with the previously agreed changes to Release-8 Fast Dormancy [1] effectively achieves this balance.
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