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1 Introduction
We discuss the potential need for RAN to be informed if the UE has been configured with Power Saving Mode (PSM) [1]

 REF _Ref383084510 \n \h 
[2]. The need for such an indication has been previously mentioned in [3] and discussed in RAN2#85bis. The motivation behind introducing a PSM indication is to make RAN aware that the UE wants to be released to idle mode as soon as possible after a data transmission has ended. The problem exists especially in UTRAN, where the UE might be released to a PCH state, which prevents the UE from entering the Power Saving Mode. In this contribution, we present and discuss the two alternatives to address the issue, i.e. either sending the indication from the UE or the CN to the RAN.  
2 Discussion
In Rel-12 the UE will be able to enter a Power Saving Mode (PSM) to save power by not being reachable in the downlink but still staying registered in the CN/EPC. From RRC point-of-view the UE will be in idle mode but cannot be reached via paging while it is in PSM. Access Stratum (AS) functionality is turned off during PSM, enabling the UE to save power. 
UE wakes up for either for uplink data transmission, or to send periodic Routing or Tracking Area Update (RAU/TAU) messages. PSM is configured by the CN/EPC using NAS signalling. In short, the UE includes an active timer value IE in either ATTACH REQUEST or ROUTING/TRACKING AREA UPDATE message, and the CN responds by sending an active timer value back in the ATTACH ACCEPT or ROUTING/TRACKING AREA ACCEPT message [1]. This configuration is completely transparent to RAN.

The UE resets and starts [1] the active timer when it enters PMM or EMM-IDLE mode. Once the timer expires, the UE enters the Power Saving Mode. Similarly, the CN uses the active timer value as mobile reachable timer, thus knowing when the UE enters PSM and is not reachable from the network. 
2.1 PSM indication
RAN does not have the knowledge if the UE has been provided with an active timer value, i.e., when it is configured with PSM. This may lead to a situation where the UE is kept in connected mode although it may benefit if it is released to idle mode, and hence start the active timer to enter PSM eventually. Especially in UTRAN the UE may be kept in URA_PCH, CELL_PCH or CELL_FACH states after it moves to connected mode initiated either by uplink data transmission or paging during active time before the UE enters PSM. 
Observation 1 Power saving potential may be lost if RAN keeps a UE configured with PSM in connected mode for long periods after data session. 

If the RAN has information that the UE is configured with PSM, a decision could be made to release the UE to idle mode when convenient so that the UE can start the active timer and enter PSM to save power. We present two alternatives of providing an indication to the RAN: indication sent from the UE over Uu interface or indication sent from the CN over Iu/S1 interface. 

2.2 Indication sent from CN to RAN

Core network is responsible for setting the value of the active timer and the periodic RAU/TAU cycle, thus after sending the UE the ATTACH ACCEPT or ROUTING/TRACKING AREA ACCEPT message, the CN could send RAN a PSM indication. This would avoid the need for additional signalling over the air interface. Indication sent from CN would require no specification changes regarding the UE behaviour. 

2.3 Indication sent from UE to RAN
In UTRAN, UE can already use signalling connection release procedure to ask the RNC to release the RRC connection, by sending a SIGNALING CONNECTION RELEASE INDICATION (SCRI) message [4] to RNC. SCRI message contains a cause element with two possible values: “anyOtherCause” and “ueRequestedPSDataSessionEnd”. 
There are three options to consider: 
1. Use “anyOtherCause”. This could be used to send an indication to the RNC that the UE wants the connection to be released. 
2. Use “ueRequestedPSDataSessionEnd”. This could be used to indicate that the UE has ended its data session. 
3. Define a new cause value for PSM indication. 

The first and the second options would require no changes to SCRI messages. However, using “anyOtherCause” would not be backwards compatible. Likewise, “ueRequestedPSDataSessionEnd” could be used to mean that data session has ended, but the RAN requires additional information to know if the UE is configured with PSM. The third option would require the most effort from standardization standpoint, but it is the preferable and backwards compatible solution if an UE initiated indication is used. 
2.4 Comparison of the solutions
Table 1. Comparison of PSM indication alternatives.

	Indication alternative
	Pros
	Cons

	UE indication
	UE knows if and when it would benefit from using PSM.
It is possible to use existing signalling procedures (SCRI) to some extent. 
	Additional UE complexity. 
Additional signalling over the air potentially lowering power efficiency. 

	· SCRI with “anyOtherCause”
	
	Not backwards compatible.  

	· SCRI with “ueRequestedPSDataSessionEnd”
	
	RAN needs additional CN indication to know the UE wants to use PSM. 

	· SCRI with new cause value
	Clean solution.
	More standardization effort needed.
UE can use the indication even when it is not configured with PSM. 

	CN indication 
	CN decides if the UE can use PSM or not, thus it is the natural source for indication. 

No need for extra signalling over the air. 

No extra UE complexity required.
	More RAN and CN impact. 
RAN may not know exactly when the data session has ended, thus transition to idle and PSM might be slower. 


Table 1 lists the pros and cons for both alternatives. In the UE indication alternative, a new cause value would be the preferable option in order to separate the PSM indication from already existing SCRI functionality. Consequently, this solution would have the largest UE impact.
If the indication, instead, is provided by the CN, then RAN would know that the UE is configured with PSM and would like to be released to idle as soon as possible after data session has ended. The UE could continue to use existing SCRI messages and cause values. CN based indication would also prevent the case where the UE provides PSM indication although it has not been configured with PSM. 

Based on the presented options, the preferable solution would be to provide the PSM indication from CN, where the UE can continue to use the existing RRC procedures in UTRAN to indicate signalling connection release. For CN based PSM indication RAN3 and SA2 should be asked to define the details of the indication procedure.
Proposal 1 CN should provide RAN a PSM indication after the UE has been configured with PSM.
Proposal 2 Inform SA2 and RAN3 about the discussion above. 

Only two different RRC states exist in E-UTRAN and a scenario where UE is kept in RRC_CONNECTED for a long period of time is not as likely to happen as in UTRAN. 

Proposal 3 PSM indication is not needed in E-UTRAN.

3 Conclusion

In this contribution, we discuss the alternatives to address the need for power saving mode indication. In section 2, we made the following observations:
Observation 1
Power saving potential may be lost if RAN keeps a UE configured with PSM in connected mode for long periods after data session.


Based on the discussion above, we propose the following:
Proposal 1
CN should provide RAN a PSM indication after the UE has been configured with PSM.
Proposal 2
Inform SA2 and RAN3 about the discussion above.
Proposal 3
PSM indication is not needed in E-UTRAN.
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