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1 Introduction

As part of Release 12, SA2 had gathered and discussed different solutions for MTCe UE Power Consumption Optimizations (UEPCOP) building block WID. RAN impacts of these solutions have been studied and conclusions were made as part of the SI [1] wherein it has been noted that the solution of power saving state has very limited impact on the RAN, if transition into the state is configured/managed by NAS. 

SA2 and CT1 have updated different network related specifications [3-7] to support this new feature called power saving mode (PSM) and although limited RAN impacts are foreseen, RAN2 has to conduct discussions about how this new feature may be integrated within the different RAN specifications [8-11]. 

In this contribution, we provide details about how the power saving mode feature, which is considered as part of idle mode, may be specified within the RAN specifications. We also bring about key open aspects for further consideration and discussion. 
2 Discussion

Power saving mode (PSM) is a new feature already specified by SA2 and CT1 in [3-7] that targets reducing UE power consumption primarily by restricting the time when a UE is reachable for mobile terminating services. For instance, the following definition of PSM has been introduced in TS 24.008 [6]:
 “Power Saving Mode: Power saving mode allows the MS to reduce its power consumption. When power saving mode is active in the MS, the MS is registered to the network and in PMM-IDLE mode (in Iu mode), EMM-IDLE mode (in S1 mode) or the READY timer is not running (in A/Gb mode) but the AS layer is deactivated. Definition derived from 3GPP TS 23.060 and 3GPP TS 23.401.”
Figure 1 below depicts the methodology of how this new PSM mode of operation will be configured and activated using LTE as an example. As shown in steps 1-2, a UE initiates the usage of PSM using Attach/TAU request message and it is up to network decision to accept it via corresponding NAS procedures. If PSM is allowed for certain UEs, after the RRC connection is released, the UE will enter into idle mode and has to be reachable for at least an agreed period referred to as active time or T3324 (controlled by the NAS layer). Upon expiry of T3324, the NAS layer will indicate the AS to enter PSM and deactivate all AS related functionalities until future indication (steps 3-4). A UE in PSM is allowed to exit this mode at any time for any mobile originated data/ signalling.
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Figure 1: Exemplary signalling flow to configure the usage of PSM in LTE
Table 1 below summarizes the characteristics of PSM acc. to SA2 and CT1 specifications in [3-7]:
Table 1: Characteristics of PSM acc. to SA2 and CT1 specification in [3-7]

	Power Saving Mode
	E-UTRAN/EPS
	UTRAN/CN (PS-domain)

	Configuration
	Initiated  by UE by sending T3324 (“Active time”) in Attach Request / TAU Request 
	Initiated by UE by sending T3324 (“Active time”) in Attach Request / RAU Request 

	Maximum duration
	Is set by MME by sending T3412 (periodic TAU timer) in Attach Accept / TAU accept 
	Is set by SGSN by sending T3312 (periodic RAU timer) in Attach Accept / RAU accept 

	Applicability 
	Intra-PLMN; intra-RAT; if UE is not attached for non-emergency bearer services; in all TAUs as per TAI list as given by Attach Accept / TAU accept 
	Intra-PLMN; intra-RAT; if UE is not attached for non-emergency bearer services; in the RAU as per RAI in Attach Accept / RAU accept 

	Characteristics
	UE remains registered to EPS but stops any activity towards the network (to allow the UE to deactivate its AS layer). 

UE is not reachable for mobile terminating (MT) services.

The UE may deactivate the PSM at any time for any MO service (data or signaling). 


2.1 PSM specification in the UE idle mode procedures
This section explains the way that the power saving mode could be defined within the UE idle mode procedures in LTE [8] based on recently approved PSM specifications in [3-7]. Upon expiry of T3324 timer, the NAS layer indicates the activation of the PSM which implies the deactivation of the AS layer and related mechanisms (e.g. cell reselection). This is explained using figure 2 below, which shows the different states and state transitions in RRC_IDLE, with the potential new options for PSM state marked in red. A UE in idle (represented as “camped normally state”) could enter PSM state upon NAS indication; the PSM is shown in figure 2 as a new state of “power saving mode”. In this new state, the UE has to stop any AS related timers and procedures such as monitoring paging and system information, performing measurements and cell reselection procedures. 
Observation 1: The activation of the power saving mode (PSM) is controlled by NAS and indicates the deactivation of any AS related functions (all AS timers and associated procedures are stopped).
Proposal 1: RAN2 to agree that “Power Saving Mode” is a new state within RRC_IDLE mode that identifies UEs registered to the network with power saving mode (PSM) activated.

A UE could leave the PSM state upon NAS indication due to any mobile originated events like data transfer or signalling to connect back to the network. This transition is represented in the figure 2 below with the number ‘3’; furthermore, with regards to the cell selection procedure that the UE needs to perform after leaving PSM, there are some potential alternatives to consider:
Option 3 (A)  Go to number ‘1’ within the figure 2 (assuming a new PLMN selection might be needed).
Option 3 (B)  Perform stored information cell selection (for registered PLMN).
Option 3 (C)  Go to a new intermediate state that handles “Cell Selection when leaving power saving mode”. From this state if the UE finds a suitable cell, it could enter camped normally (indicated as ‘2’ in figure 2) and from there leave idle to enter connected mode; otherwise the UE will have to perform “Stored information cell selection”. 
As per SA2 agreements [3-5], a UE in PSM mode is similar to be in power-off, however the UE remains registered with the network and when it connects back, it does not need to re-attach or re-establish the PDN connection. In addition, as specified in TS 24.008 [6] and shown below, it indicates that PSM applies to the PLMN wherein T3324 request was accepted and upon PLMN change the PSM configuration needs to be deleted. 
“In S1 mode, the MS shall apply the received T3324 value in all tracking areas of the list of tracking areas assigned to the MS, until a new value is received or a new PLMN is selected.”
Therefore, a UE leaving power saving mode does not need to assume that a new PLNM is selected as suggested by option 3 (A) or that cell selection with the stored information needs to be done directly as suggested by option 3 (B). Option 3 (C) proposes to introduce a new intermediate state of “cell selection when leaving power saving mode” similar to “cell selection when leaving connected mode” wherein upon exiting from power saving mode, the UE will attempt to camp on the last suitable cell the UE was camped on. If it cannot, it will attempt to camp on a suitable cell according to redirectedCarrierInfo, if included as part of previous RRC connection release message. Otherwise, the UE will perform stored information cell selection or initial cell selection to find a suitable cell to camp on. 
Proposal 2: RAN2 to agree that upon NAS indication to enter PSM, the UE in RRC_IDLE leaves camped normally state to enter power saving mode state (as indicated in Figure 2).

Proposal 3: RAN2 to agree that upon NAS indication to leave PSM, the UE in power saving mode state enters a new process that handles “cell selection when leaving power saving mode” (as indicated by option 3 (C) in Figure 2). 
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Figure 2: Part of RRC_IDLE cell selection and reselection diagram ([8] figure 5.2.2-1)
2.2 PSM open aspects in relation to EMM, ECM and RRC states

The configuration of power saving mode and transitions to/from PSM are handled by the NAS layer (in UE and MME). A UE in PSM is considered to be registered to the network but not reachable for any mobile terminated services. Table 2 maps the relation of the EPS connection management and RRC states for a UE that is in power saving mode. However, RAN2 has to still discuss about how to define this new feature within the RRC specifications.  
Table 2. State classification for a UE in PSM
	States for a UE in Power Saving mode (PSM)

	EMM
	ECM
	RRC

	REGISTERED NO_CELL_AVAILABLE 
	Idle
	Idle (PSM)

[PSM: AS deactivated]


In this section, we bring about some of the open aspects related to the representation of PSM across different specifications.

2.2.1 Clarification on mapping PSM to EMM-REGISTERED.NO-CELL-AVAILABLE

The power saving mode description and its relation between the NAS and AS states is also explained in [8-9]. The CRs [12-13] show the proposed changes to define this new PSM functionality in RAN specifications. CT1 has also updated the corresponding specifications [6-7] to indicate that if PSM is active, the UE EMM state would be NO_CELL_AVAILABLE as indicated below: 

“EMM-REGISTERED.NO-CELL-AVAILABLE”
E-UTRAN coverage has been lost or PSM is active in the UE. If PSM is active, the UE may initiate sending and receiving user data. Otherwise, the UE shall not initiate any EMM procedure except for cell and PLMN reselection.”
The description above might be misleading since it does not explicitly state that a UE with active PSM does not do cell and PLMN reselection. This ambiguity might need to be clarified in current CT1 definition [6-7]:

Proposal 4: RAN2 requests CT1 to clarify the definition of UE in EMM-REGISTERED.NO-CELL-AVAILABLE to indicate that a UE in PSM should not initiate cell and PLMN reselection unless the UE is exiting the PSM and also clarify whether UE may initiate receiving user data when PSM is active.

2.2.2 Description of PSM state mapping in 36.300
The impact of introducing PSM should be reflected correspondingly as part of the relation between NAS and AS states in [9, Annex 2], as shown below:

 “EMM-DEREGISTERED & ECM-IDLE ( RRC_IDLE:

· Mobility: PLMN selection: 

· UE Position: not known by the network.

EMM-REGISTERED & ECM-IDLE ( RRC_IDLE:

If EMM-REGISTERED.NO-CELL-AVAILABLE & PSM is active
· Mobility: deactivated due to PSM;

· UE Position: known by the network based on last TAU/cell selection.

Else

· Mobility: cell reselection;

· UE Position: known by the network at tracking area level.
Proposal 5: RAN2 to agree to update the relation between NAS and AS states for PSM indicating that while a UE is in PSM, all idle mode mobility procedures are deactivated and its position will only be known by the network based on the last TAU or cell selection. 
2.2.3 Clarification on PSM configuration/de-configuration
UE configures PSM by an ‘Active Time’ negotiation process with the MME through Attach, TAU or RAU procedures however it is not clear when and how the PSM is de-configured. As per SA2 definition in [3], the UE has to request this timer in every Attach and TAU/RAU procedure:
“When the UE wants to use the PSM it shall request an Active Time value during every Attach and TAU/RAU procedures. If the network supports PSM and accepts that the UE uses PSM, the network confirms usage of PSM by allocating an Active Time value to the UE. The network takes the UE requested value and any local MME/SGSN configuration into account for determining the Active Time value that is allocated to the UE. If the UE wants to change the Active Time value, the UE requests the value it wants in the next periodic (or mobility based) TAU/RAU procedure”
On the other hand CT1 definitions [6-7] only indicate that UE requests the usage of PSM in those messages and later activates and deactivate PSM however it does not specify explicitly about how the PSM can be de-configured. CT1 also indicates that an MS could apply the received T3324 value in all tracking areas of the list of tracking areas assigned to the MS until a new value is received.
“The UE requests the use of power saving mode (PSM) during attach or tracking area updating procedure (see 3GPP TS 23.682 [11A] and 3GPP TS 23.401 [10]). The network accepts the use of PSM by providing a specific timer (T3324) when accepting an attach or tracking area updating procedure. The UE only uses PSM if the network has provided theT3324 value IE during attach, tracking area updating or routing area updating procedures.

PSM is activated after every expiry of the timer T3324 if the UE is in EMM-IDLE mode and in the EMM-REGISTERED.NORMAL-SERVICE state. PSM is deactivating by activating the AS layer and initiating tracking area updating or routing area updating procedure. The UE may deactivate PSM at any time e.g. for mobile-originated signalling. When PSM is activated all NAS timers are stopped and associated procedures aborted except for T3412, T3346, T3396 and T3423.”
“In S1 mode, the MS shall apply the received T3324 value in all tracking areas of the list of tracking areas assigned to the MS, until a new value is received or a new PLMN is selected. The value of timer T3324 can only be sent by the network if the MS provided T3324 value IE in the ATTACH REQUEST and TRACKING AREA UPDATE REQUEST messages. Timer T3324 is reset and started with its initial value, when the MS goes from EMM-CONNECTED mode to EMM-IDLE mode. Timer T3324 is stopped when the MS enters EMM-CONNECTED mode or EMM-DEREGISTERED state.” 
In addition, the devices that might benefit from this PSM feature are those that have predictably long periods of inactivity and do not need to be reachable for mobile terminated services. Therefore, it may not be necessary to request this timer in each TAU/RAU procedure unless there is a change in the T3324 timer value or this mode needs to be disabled.

Proposal 6: RAN2 to request SA2 and CT1 to clarify whether the timer T3324 should be included in every TAU/RAU procedure even when there is no change in the tracking area or timer value. 

As per current procedures, if a UE leaves PSM due to mobile originated data, it is not clear whether the UE is allowed or restricted to use PSM again, the next time the UE goes back to idle. Assuming that the UE is allowed to enter PSM the next time, currently there is no means for the UE or the network to discontinue the PSM usage until the next TAU/RAU exchange. 
Proposal 7: RAN2 to request SA2 and CT1 to clarify if a UE accessing the network for MO data could enter PSM again the next time that it goes back to idle.

On the other hand, CT1 [6-7] defines the timer T3324 value with type/reference “GPRS timer” and as per [6], this GPRS timer allows a value of ‘deactivated’. This value could be utilized by the UE to indicate whenever the PSM mode should be disabled and by the MME whenever it decides to de-configure the feature for a given UE. Hence, we think it would be beneficial to clarify the corresponding procedure in the SA2/CT1 specifications.
Proposal 8: RAN2 to request SA2 and CT1 to discuss whether the PSM feature is allowed to be de-configured by the UE and/or MME. 

2.2.4 UE behaviour when RRC connection is rejected for PSM-enabled UEs
Assume that a UE comes out of PSM, camps on a suitable cell and while trying to get connected, the UE’s RRC connection request is rejected by the eNB due to congestion; currently the behaviour of such UEs that were using PSM is not clear and needs to be discussed and clarified by SA2 and CT1.
Proposal 9: RAN2 to request SA2 and CT1 to clarify UE behaviour when RRC Connection Request is rejected after leaving PSM. 

If the proposals 4 and 6 to 9 are acceptable for RAN2 then it is proposed to send an LS to SA2 and CT1 with the questions. Intel would then volunteer to prepare the draft LS.
3 Conclusions and proposals
In this contribution, we have discussed the details on how the Power Saving Mode feature may be introduced in the RAN specifications and also put forth key open aspects for further consideration.  
Observation 1: The activation of the power saving mode (PSM) is controlled by NAS and indicates the deactivation of any AS related functions (all AS timers and associated procedures are stopped).
Proposal 1: RAN2 to agree that “Power Saving Mode” is a new state within RRC_IDLE mode that identifies UEs registered to the network with power saving mode (PSM) activated.

Proposal 2: RAN2 to agree that upon NAS indication to enter PSM, the UE in RRC_IDLE leaves camped normally state to enter power saving mode state (as indicated in Figure 2).

Proposal 3: RAN2 to agree that upon NAS indication to leave PSM, the UE in power saving mode state enters a new process that handles “cell selection when leaving power saving mode” (as indicated by option 3 (C) in Figure 2). 
Proposal 4: RAN2 requests CT1 to clarify the definition of UE in EMM-REGISTERED.NO-CELL-AVAILABLE to indicate that a UE in PSM should not initiate cell and PLMN reselection unless the UE is exiting the PSM and also clarify whether UE may initiate receiving user data when PSM is active.

Proposal 5: RAN2 to agree to update the relation between NAS and AS states for PSM indicating that while a UE is in PSM, all idle mode mobility procedures are deactivated and its position will only be known by the network based on the last TAU or cell selection. 
Proposal 6: RAN2 to request SA2 and CT1 to clarify whether the timer T3324 should be included in every TAU/RAU procedure even when there is no change in the tracking area or timer value. 

Proposal 7: RAN2 to request SA2 and CT1 to clarify if a UE accessing the network for MO data could enter PSM again the next time that it goes back to idle.

Proposal 8: RAN2 to request SA2 and CT1 to discuss whether the PSM feature is allowed to be de-configured by the UE and/or MME. 

Proposal 9: RAN2 to request SA2 and CT1 to clarify UE behaviour when RRC Connection Request is rejected after leaving PSM. 

If the proposals 4 and 6 to 9 are acceptable for RAN2 then it is proposed to send an LS to SA2 and CT1 with the questions. Intel would then volunteer to prepare the draft LS.
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