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1 Introduction

Power Saving Mode (PSM) is to be introduced in Release-12 as an outcome of the discussion in the building block WI “UE power consumption optimizations (UEPCOP)” [1]. A stage-2 description of this feature can be found in [2] with procedure handling in [3] and [4] and stage-3 specification in [9] and [10]. 
In this contribution we provide a description of the PSM from RAN perspective and discuss the impact of the PSM on RAN (UTRAN/E-UTRAN). Power Saving Mode is configured between the UE and the CN/EPC, and we discuss the potential need for coordination between RAN and CN/EPC to make RAN aware if the UE has been configured with the PSM to avoid keeping the UE in connected mode for extensive periods of time. 
2 Description of the Power Saving Mode


[image: image1]

In Power Saving Mode, the UE remains registered in the CN/EPC and it does not listen to paging or perform other Access Stratum (AS) related procedures while in PSM. Thus, during PSM the UE can keep majority of the radio and processing circuitry off to save power.  Upon waking up from PSM, the UE does not need to do a re-attach to the network and the PDN connections are kept up while the UE is in PSM. 
The UE is not reachable while in PSM. In addition to possible UE initiated data transmission or detach, the UE performs Tracking or Routing Area Updates (TAUs/RAUs) during which it can ask for an Active Timer from the CN/EPC. Active Timer is started when the UE is released to RRC_IDLE after a mobile originated event, i.e. UL transmission, or Tracking/Routing area update. The US is reachable for paging until the timer expires. The UE enters the PSM when the Active Timer expires. 
The PSM capable UEs need to be configured with an Active Timer during every TAU/RAU or attach procedure it initiates. The UE can ask for a specific Active Timer but ultimately the CN/EPC decides the length of the timer, and by providing the UE a timer value, the CN/EPC configures the UE with PSM. In addition, the UE may request a periodic TAU/RAU cycle. In [2], the following is noted about the length of the Active Timer: 

NOTE 1:
The minimum recommended length for the Active Time is the time allowing for the 'msg waiting flag' in the MME/SGSN to trigger the SMSC via the HSS to deliver an SMS to the MME/SGSN, e.g. 2 DRX cycles plus 10 seconds.
3 Impact on RAN 
The PSM is a feature configured between the UE and the CN/EPC, and it is transparent to RAN nodes (eNB, Node B, RNC) as specified in [2]

 REF _Ref382309935 \n \h 
[4]. 
3.1 Impact on UE

PSM capable UEs in idle mode may enter PSM by turning off the AS functionality. Table 1 lists the affected AS procedures in idle mode [5]

 REF _Ref382228765 \n \h 
[6].
Table 1. Impact of Power Saving Mode on UE Access Stratum functionality during idle mode.

	Procedure
	

	PLMN selection
	Available PLMNs are not searched during PSM, AS does not report available PLMNs to NAS. 

	Cell selection
	Measurements to support cell selection are not performed during PSM. 

	Cell reselection
	Measurements to support cell reselection are not performed during PSM. 

	Location registration
	Tracking area (E-UTRAN) or registration area (UTRAN) information is not reported to NAS.

	Reception of broadcast information
	PCH is not monitored for changes during PSM (E-UTRAN). MCCH is not acquired. 

	Reception of paging
	Paging is not received during PSM. After MO procedures, paging is listened to while Active Timer is running. 

	Logged measurements 
	No measurements are performed or logged during PSM. 

	Support for manual CSG selection
	Not supported during PSM. 


When the UE leaves PSM, it starts the AS functions. During PSM the UE might have moved out of the cell or the tracking area it used to be before entering PSM, and since measurements are not performed during PSM, the UE cannot know in which cell it is in after leaving PSM. As the UE remains EMM_REGISTERED during PSM [3], it should not need to perform the full PLMN selection procedure. However, the UE can be considered not camped on a cell during PSM, thus cell selection procedure should be started upon leaving PSM.
Proposal 1 A UE leaving PSM performs cell selection.
3.2 Impact on eNB / Node B / RNC
The PSM is configured by the CN/EPC (e.g., MME/SGSN) using NAS procedures, thus there is no procedural impact on RAN nodes.
Proposal 2 PSM does not have procedural impact on RAN.

3.3 Impact on RRC states

The UE enters PSM while it is in idle mode. During PSM, the UE does not perform AS procedures, and is basically “shut down”. Thus, the UE does not perform the actions typically expected while in idle mode from RRC point of view. However, as PSM is configured between the UE and the CN/EPC (e.g. MME, SGSN) transparently to RAN, it does not make sense to introduce a new RRC state or accompanying signalling.
Proposal 3 No new RRC state is needed for PSM.
3.4 PSM indication to RAN
The PSM procedure is configured using NAS signalling, thus the radio access network may not be aware whether a UE is configured with PSM. The Active Timer is started when the UE is released to idle mode, that is, after the RRC connection has been released. This would mean that RAN may keep a UE configured with PSM in connected mode for extended periods of time due to not knowing that the UE can move to PSM to save power if released. This can especially be the case in UTRAN considering that the UE may be kept in connected mode, i.e. URA_PCH, CELL_PCH or CELL_FACH state, for extended periods of time due to inactivity after data transmission.
Observation 1 Power saving potential may be lost if RAN keeps a UE configured with PSM in connected mode for long periods. 
URA_PCH/CELL_PCH/CELL_FACH states have been enhanced during the last Releases to improve bit rates, increase capacity, and reduce latency. Therefore, most of UEs may be kept in connected mode. This may result in PSM not being used much in UTRAN. In order to take the most advantage of PSM, it is beneficial to know whether a UE is configured with PSM so the RNC has yet another input to decide the best mode (idle/connected) and/or RRC state in which the UE should be placed.

On the other hand, in E-UTRAN, an eNB does not necessarily keep a UE in connected mode for extended periods of time, as states like URA_PCH/CELL_PCH/CELL_FACH do not exist. Thus, we do not see a need for the eNB to be aware that the UE has been configured with PSM.

For example, if the Active Timer is configured for a UE that supports the feature, the PSM configuration information or an indication that the UE has been configured with PSM can be added to the information signalled from the CN/EPC to the RAN.
Proposal 4 For UMTS, PSM configuration is added to the information signalled from the CN to the RNC during signalling connection/bearer establishment.
4 Impact on specifications
As PSM is configured between the UE and CN/EPC transparently to the RAN, there isn’t a need to introduce procedure changes to specifications. However, PSM could be introduced as a functional feature in the idle mode procedures specifications [5]

 REF _Ref382228765 \n \h 
[6] and possibly in stage-2 overview specifications [7]

 REF _Ref382838182 \n \h 
[8]  for UTRAN and E-UTRAN in order to have a reference to the new power saving functionality. Therefore we propose to
Proposal 5 Update TS 25/36.304 to capture the PSM feature based on the text proposal in Appendix A.
5 Conclusion

In this contribution, we provided a description of the Power Saving Mode and discussed its impact on UE and RAN. We have made the following observation:
Observation 1
Power saving potential may be lost if RAN keeps a UE configured with PSM in connected mode for long periods.


Based on the discussion in sections 3 and 4 we propose the following:
Proposal 1
A UE leaving PSM performs cell selection.
Proposal 2
PSM does not have procedural impact on RAN.
Proposal 3
No new RRC state is needed for PSM.
Proposal 4
For UMTS, PSM configuration is added to the information signalled from the CN to the RNC during signalling connection/bearer establishment.
Proposal 5
Update TS 25/36.304 to capture the PSM feature based on the text proposal in Appendix A.
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Appendix A
Start of the Modified Section
4.2        Functional division between AS and NAS in Idle mode

Table 1 presents the functional division between UE non-access stratum (NAS) and UE access stratum (AS) in idle mode. The NAS part is specified in [5] and the AS part in the present document. 
	Idle Mode Process
	UE Non-Access Stratum
	UE Access Stratum

	PLMN Selection 
	Maintain a list of PLMNs in priority order according to [5]. Select a PLMN using automatic or manual mode as specified in [5] and request AS to select a cell belonging to this PLMN. For each PLMN, associated RAT(s) may be set.
Evaluate reports of available PLMNs from AS for PLMN selection.

Maintain a list of equivalent PLMN identities.
	Search for available PLMNs.
If associated RAT(s) is (are) set for the PLMN, search in this (these) RAT(s) and other RAT(s) for that PLMN as specified in [5].

Perform measurements to support PLMN selection.

Synchronise to a broadcast channel to identify found PLMNs.

Report available PLMNs with associated RAT(s) to NAS on request from NAS or autonomously.

	Cell 
Selection
	Control cell selection for example by indicating RAT(s) associated with the selected PLMN to be used initially in the search of a cell in the cell selection. NAS is also maintaining lists of forbidden registration areas and a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) and provide these lists to AS.
	Perform measurements needed to support cell selection.
Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Search for a suitable cell. The cells broadcast one or more 'PLMN identity' in the system information. Respond to NAS whether such cell is found or not.

If associated RATs is (are) set for the PLMN, perform the search in this (these) RAT(s) and other RATs for that PLMN as specified in [5].

If such a cell is found, the cell is selected to camp on.

	Cell 
Reselection
	Control cell reselection by for example, maintaining lists of forbidden registration areas.
Maintain a list of equivalent PLMN identities and provide the list to AS.
Maintain a list of forbidden registration areas and provide the list to AS.

Maintain a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) to camp and provide the list to AS.
	Perform measurements needed to support cell reselection.
Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Change cell if a more suitable cell is found.

	Location registration
	Register the UE as active after power on.
Register the UE's presence in a registration area, for instance regularly or when entering a new tracking area.

Maintain lists of forbidden registration areas.

Deregister UE when shutting down.
	Report registration area information to NAS.

	Support for manual CSG selection
	Provide request to search for available CSGs.
Evaluate reports of available CSGs from AS for CSG selection.

Select a CSG and request AS to select a cell belonging to this CSG.
	Search for cells with a CSG ID.
Read the HNB name from BCCH on SIB9 if a cell with a CSG ID is found.

Report CSG ID of the found cell broadcasting a CSG ID together with the HNB name and PLMN(s) to NAS.

On selection of a CSG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and give an indication to NAS that access is possible (for the registration procedure).

	Support for Power Saving Mode (PSM)
	Indicate to AS when PSM starts and AS shall be deactivated.
Indicate to AS when PSM ends and and AS shall be activated
	Deactivate access stratum procedures.

Activate access stratum procedures and initiate a cell selection.


Table 4.2-1: Functional division between AS and NAS in idle mode
<cut>
5.4        Tracking Area registration

In the UE, the AS shall report tracking area information to the NAS. 
If the UE reads more than one PLMN identity in the current cell, the UE shall report the found PLMN identities that make the cell suitable in the tracking area information to NAS.

The NAS part of the location registration process is specified in [5].

Actions for the UE AS upon reception of Location Registration reject are specified in [4] and [16].

5.5        Support for manual CSG selection

5.5.1       E-UTRA case

In the UE on request of NAS, the AS shall scan all RF channels in the E-UTRA bands according to its capabilities to find available CSGs. On each carrier, the UE shall at least search for the strongest cell, read its system information and report available CSG ID(s) together with their “HNB name” (if broadcast) and PLMN(s) to the NAS. The search for available CSGs may be stopped on request of the NAS. 
If NAS has selected a CSG and provided this selection to AS, the UE shall search for an acceptable or suitable cell belonging to the selected CSG to camp on.

5.5.2 UTRA case

Support for manual CSG selection in UTRA is described in [8].
5.x        Support of Power Saving Mode (PSM)

Power Saving Mode, described in [23.401, 24.401], allows the UE to reduce its power consumption by NAS deactivating AS idle mode procedures. At the end of PSM, NAS indicates that AS idle mode procedures shall be activated and AS triggers the cell selection procedure.
End of the Modified Section
Figure � SEQ Figure \* ARABIC �1�. Power saving mode depicted in E-UTRAN terms. PSM is not a real RRC state but can be seen as a substate of RRC_IDLE where AS functionality is turned off. A timer is started in both UE and MME after a mobile originating event (such as TAU/RAU or UL data) when the UE is released to RRC_IDLE. If the UE does not go back to connected mode and the timer expires, the UE enters the PSM.
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