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1.
Introduction
This document summarizes the email discussion: 
[85bis#12][Joint/UEPCOP] Running stage-3 CRs (ZTE) 

-
Review 35.304 and 36.304 CRs in R2-141764 and R2-141765 

-
Check whether “stop timers” is clear and results in desired behaviour. 

-
Discuss whether the UE must not perform certain tasks when PSM is configured (e.g. TAU updates) 

=>
Intended outcome: Draft running 36.304 and 25.304 CRs

2.
Discussion
2.1
General aspects
The latest version of the draft CRs discussed at RAN2#85bis [1] [2] suggested that, when Power Saving Mode starts, the UE need not perform any idle mode tasks.
This wording reflected the discussion during the week and specifically the following considerations:

· During PSM a UE can always initiate a MO call. Before initiating the call (and then before formally leaving PSM) a UE should be allowed to perform some idle mode tasks, e.g. for cell selection.
· In any case we should only have testable requirements (while, for instance, a statement like "the UE shall not perform idle mode tasks" would hardly be testable).
· Even if we don't totally prevent the UE to continue idle mode tasks, this would not result in visible actions outside the UE. For instance, mobility-triggered TAUs or responses to paging (which should not happen during PSM) would involve NAS layer and are already regulated by PSM description in NAS specs. 

The proposal is then to agree on the following wording: 

When NAS indicates that PSM starts, the UE need not perform any idle mode tasks.
When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
Companies’ views on whether the proposal above can be accepted (or suggestions and motivatations for alternative wording) are collected in the table below.
	Company
	Comments

	LGE
	Basically, from our view, since RAN2 agreed that while in PSM, the UE is considered to be switched off from AS point of view, there is no need to specify any behavior if the behavior same as power off is applied to PSM. In addition, in order to avoid the duplicate description same as switch-off regarding handling of failure information and logged MDT information in TS36.331 and TS37.320, we prefer to describe the above agreement simply in the definition section of PSM instead of describing handling the AS configurations and timers as in Annex.

Hence, the proposed text is
Power saving mode: Mode allowing the UE to reduce its power consumption, as defined in TS 24.301 [16], TS 23.401 [xx], TS 23.682 [yy]. AS considers power saving mode as switch-off.

	Fujitsu
	We are fine with the suggested texts.
We would follow the RAN2 agreement in the last meeting “While in PSM, the UE is considered to be switched off from AS point of view”. This could be directly captured to TS36.304, but we would see minimum texts to exactly clarify the intended UE behavior. From this point of view, the proposed texts look good for us.

	NNSN
	We don’t think it is necessary to specify those in 36.304 because they are all specified in TS24.301 and TS23.401. As PSM is a NAS state, it is even dangerous to say too much in the AS layer specification because only AS layer specification cannot give the overall description of PSM. Thus we prefer just refer NAS specification if anything is needed. Besides, “UE needs not perform any idle mode tasks” is not entirely clear as the sentence can interpreted that UE is not required but is allowed to perform idle mode tasks. To our understand, UE shall acts as if AS layer is turned off when UE enters PSM so that UE can behave consistently when UE exits from PSM.

	Samsung
	The wording to be suggested should be clear. For example, in the previous meeting, we considered the following sentence:

“…all AS timers are stopped and the UE need not perform any idle mode tasks….”
It allows the UE to stop the timers and still continue with IDLE mode operation. This seems incorrect. If we want to leave UE implementation, the sentence should probably be something like: “UE shall either stop all timers and stop IDLE mode procedures, or continue normal IDLE mode operation”.
In our view, the wording depends on how to define the behaviors of the AS timers during PSM. We would like to introduce our suggestion in Section 2.2.

	CATT
	From our understanding,  the AS behavior under deactivation situation should be same regardless of the trigger condition, e.g. switched-off or entering PSM. However just like the discussion during the meeting week, it seems it make no sense to mandate UE behaviors under PSM if, anyway, the UE behavior is not testable. So from this point of view, the suggested text is acceptable to us and we rely on a proper UE implementation to achieve the purpose of power consumption. 

Alternatively, the description proposed by LG is also good for us:

Power saving mode: Mode allowing the UE to reduce its power consumption, as defined in TS 24.301 [16], TS 23.401 [xx], TS 23.682 [yy]. AS considers power saving mode as switch-off.

	Sony
	Fine with the proposed text or something close to that. The main point is that we should specify what UE is required to do, as we always do. In PSM the UE is not required to perform idle mode procedures and we can’t say much more than this – it’s up to UE implementation how best to optimize the trade-off between reduced power consumption and best performance. Regarding the similarity with power-off – power-off does not have any specific requirements either, some UE may keep some tasks running (a clear example is alarm clock) however it may or may not be the same tasks as in PSM. 

Our preference is to specify in exactly the same way as the existing measurement rules:

When NAS indicates that PSM starts, the UE may choose not to perform any idle mode tasks.
When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.


	III
	We prefer to make the suggested texts clear and close to RAN2 agreements.

Baseline would be the current agreements "while in PSM, the UE is considered to be switched off from AS point of view." In our understanding, PSM is a NAS state and the UE must not perform any AS related functions when PSM is configured. So we prefer to see the clear AS configuration handling as below:

When NAS indicates that PSM starts, the UE need not perform any idle mode tasks (i.e., AS considers PSM as switch-off). When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.

Alternatively, we are fine with LGE's proposed texts.

	Huawei, HiSilicon
	Fine with the proposed text. Anyway, we should clearly specify the UE behavior when entering PSM as well as when leaving PSM. Modeling PSM as power-off is not a good idea, since power-off does not have any specific requirements.

Further, in order to give a clear guidance to the UE implementation, it is better to say as follow:

When NAS indicates that PSM starts, the UE shall not perform any idle mode tasks.
When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
Anyway, we can live with the proposed text.

	MediaTek
	We are fine with the suggested texts. 

We think it should be better to simply define the UE behavior for PSM (it is a NAS state) in AS. It is defined specifically in NAS that UE deactivates its AS functions and enters PSM. The suggested wording describes this point clearly. 

Based on the discussion during the last meeting, the AS behaviors under PSM can be up to UE implementation, only the behaviors back to normal operation from PSM is testable. Thus, we think the suggested text is enough. 

	ZTE 
	Surprisingly enough, we are fine with our suggested text (.

Like some other companies, we think that just indicating that the UE should behave as during power-off is not a good solution, essentially due to the lack of requirements for power-off . 

Some definition of AS behaviour during PSM is needed in XX.304 (especially if it will be agreed that some AS configuration should be kept / some AS timers will continue). Furthermore we believe it’s important to explicitly state something for the case when PSM ends, i.e. that the UE shall perform all idle mode tasks.

	InterDigital
	We agree to the suggested texts. 
We generally agree with the view that PSM can generally be modeled similar to power off, however we think that some clarifications for UE behavior when entering PSM as well as leaving PSM needs to be specified in XX.304 handle agreed behavior for timers and other configuration, if agreed.

We prefer the suggested wording with the use of “need not perform” for the behavior when UE enters the PSM state.

When NAS indicates that PSM starts, the UE need not perform any idle mode tasks.


	Ericsson
	We agree with the proposed text. Even though we agree that the AS behavior would be similar to as if the UE is powered off, it would be better to capture the intention considering that “power-off” is not specified in the specifications.

	Intel
	We are fine with the proposed text (“need not perform any idle mode tasks”).

In general, we support that the UE action upon entering PSM is not mandated. In addition, CT1 CRs were agreed to not enforce UE behaviour upon timer T3324 expiry. Therefore we prefer to be consistent in the specification with the overall description of the feature. We also prefer to avoid referencing that the UE behavior in PSM is similar to switch-off in RAN specification.

	QC
	We agree with the proposed text.


Summary:

A good majority of the companies can agree with the suggested text to describe AS behaviour during PSM. A few companies think we should just indicate that “AS considers power saving mode as switch-off”. Two companies can accept both approaches. 
Proposal 1: Describe AS behaviour for PSM in XX.304 along the following lines:
When NAS indicates that PSM starts, the UE need not perform any idle mode tasks (*)

When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
(*) This text need to be complemented with a requirement on AS timers handling, as discussed in Section 2.2. 
2.2
AS timers handling

A specific discussion was on the AS timers handling during PSM. In [1] and [2] the proposal was that, when Power Saving Mode starts, all AS timers are stopped. 
However it was argued whether this would always result in the desired behavior (i.e. for all AS timers). For instance, specifying that all AS timers are stopped during PSM would have an impact on the dedicated priorities (which would be deleted) and on logged measurements (which would be stopped). Also note that, regarding the logging of measurements, it is already foreseen that this can be suspended in a number of cases, but still “the logging duration timer and time stamp will continue, and the logged measurement configuration and corresponding log are kept” (see TS 25.304 and TS 36.304). And it seems it would make sense to define the same behaviour also for PSM. 
More in general, it seems there is no real need to mandate that AS timers are stopped when entering PSM. Actually, it seems possible to specify that, when PSM starts, all running timers continue to run (in combination with the statement that in any case the UE does not need to perform any idle mode tasks, as discussed in Section 2.1). Alternatively, running timers could be frozen during PSM and restarted when PSM ends.
In conclusion, the possible alternatives seem to be the following:

Alt 1) 
When PSM starts, all running timers continue to run (but the UE does not need to perform any idle mode tasks)
Editor’s note: a draft CR to TS 36.304 according to this alternative is attached in Annex A.
Alt 2) 
When PSM starts, all running timers are suspended. When PSM ends, all suspended timers are resumed.
Alt 3) 
When PSM starts, all running timers are stopped. 

Editor’s note: this would require some clarification at least for the logged measurement configuration and corresponding log.
Alt 4) Other (e.g. per AS timer specific behaviour)
Companies’ preferences are listed in the table below.
	Company
	Comments

	LGE
	We prefer Alt 3.

As mentioned above, RAN2 agreed that while in PSM, the UE is considered to be switched off from AS point of view. Regarding the handling logged measurement at switch off, it is written in TS37.320, all logged measurement configuration and the log shall be removed by the UE. We think same behavior could be applied to PSM.
In addition, in NAS layer, any timers and conditions that remain valid during power-off apply in the same way during PSM. The same philosophy could be applied to AS layer handling.

	Fujitsu
	Alt.3.

As in our agreement the UE is considered to be switched off during PSM, meaning that all timers are stopped. In addition, we think that time handling is also one of the idle mode tasks in the UE, meaning that the UE needs not take care about the times handling. So basically there is no need to capture the timer handling, but specifying some small clarification is acceptable to us (see below).

As for the logged measurement, it’s also one of idle mode tasks in the UE, which should be stopped and accordingly the log has to be cleared. Likewise, dedicated cell reselection priorities should be cleared.

Therefore, our proposed text is proposed below.

4.1
Overview

(omit unmodified part)
When NAS indicates that PSM starts, the UE need not perform any idle mode tasks (e.g. all AS timers are stopped, paging is not monitored, and measurement is not performed). When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.

	NNSN
	Alt3. If AS layer is deactivated, that means timers should be stopped.

Then about this editor’s note

Editor’s note: this would require some clarification at least for the logged measurement configuration and corresponding log.

We believe nothing more is needed because the current specification is sufficiently clear on what to do with logged measurement configuration and the log when AS is power-off.

For instance 37.320 states following:

There is no requirement to store non-retrieved data beyond 48 hours. In addition, all logged measurement configuration and the log shall be removed by the UE at switch off or detach.

	Samsung
	Alt 4, or Alt 1 as the second best.

We assume a “unfair use” with Alt 3. For example, let’s consider the ACB-related timers, i.e. T303. A MO call is barred, and UE starts T303. But before T303 expiry, UE enters PSM, and stops all AS timers including T303. Then UE could re-try a MO call even though actual T303 is not expired yet. It would be an example for the “unfair use”. To avoid the case, we can either continue to run the started T303 even during PSM, or define a specific UE behavior for the timer, e.g. UE cannot request PSM when any ACB-related timer is running.
T302 (connection reject) is similar to ACB-related timer.

For logged measurements (T330 & 48-hour timer), we don’t think that UE performing logged MDT will request PSM. PSM would be usually used for power-sensitive MTC devices such as metering, sensor and so on. We don’t assume that these devices would be mobilized for MDT because the logging during max 2 hours results in critical power consumption to the devices with battery. Nevertheless, for the case to allow MDT UE to enable PSM, we prefer to suspend the MDT-related timers. 
Accordingly, we would like to propose the following sentence:

“…UE shall either continue to operate in IDLE mode normally, or stop all IDLE mode operation except for continuing to run any started timers.”

	CATT
	Prefer Alt 3,

For the ACB-related timer mentioned by Samsung, we understand if one access attempt is barred by AC mechanism, UE will remain in current state (i.e. idle mode) to have another try on expiration of T303/T302 until UE’s MO data is transmitted successfully. That means  UE has no opportunity to enter PSM during this time. So it seems that no issue arises for the ACB-related timer.

For MDT case, we wonder whether MDT UEs will be configured with PSM. If so, we believe that the number of the MDT UEs configured with PSM is small fragment of the whole MDT UEs and the measurement results in a short period of time (UE will not measurement in PSM) make little sense to network statistics. From simplicity point of view, we prefer to stop the timer.  

	Sony
	Either alt.3 or we say nothing at all – it could be sufficient just to say UE is not required to do idle mode tasks. Regarding unfair use as suggested by Samsung –this possibility already exists with power off, but it would be a bit of a strange implementation to use this to get around e.g. barring times, so we don’t see that as a real issue.

	III
	Alt. 3.

The activation of PSM is controlled by NAS and indicates the deactivation of any AS related functions. In other words, the UE need not perform any idle mode tasks (e.g., logged measurements, paging, etc.) when NAS indicates that PSM starts. Since logged measurements are not performed during PSM, the UE cannot know in which cell it is in after leaving PSM. The retrieved measurement configuration and corresponding log may be not applied. To simplify the timer handling design, we prefer all running timers are stopped when PSM starts.

	Huawei, HiSilicon
	Alt. 1.
After checking all the idle mode AS timers in the current specification, we found that in order to achieve the desired behaviour, it is more reasonable to continue them rather than stop/suspend them during PSM. This is especially the case for T302 (RRC connection reject) and T303/T305/T306 (ACB), otherwise eNB cannot control accesses as it wanted.

Note that continue AS timers during PSM will not reduce the power saving potential, since anyway UE needs to keep the low accuracy clock activated so as to maintain the NAS timers (e.g. periodic TAU/RAU timer) during PSM.

	MediaTek
	We prefer Alt 4. 

We have similar observations with Samsung. When the UE is in IDLE mode, a mobile originating call is initiated during Active timer is running. If the access for this mobile originating is barred, UE will start T303. When T303 is running, UE enters PSM due to Active timer expiry (as defined in NAS specification). If a MO call is initiated during PSM (when T303 is not expired), the UE transits from PSM to IDLE. If the UE camps on the previous cell, the access should be barred as the network desired. 

Thus, we think it is reasonable that T303 should continue to run to perform the corresponding event at its expiry. We don’t think it is reasonable that UE cannot request PSM in this case as proposed by Samsung, since the AS function shouldn’t impact the status of Active time as well as the entering of PSM (which is NAS function).
Similar observations for T302, T305, and T306 can be obtained. 
Thus, the proposed text is “When PSM starts, the access barring timers related to mobile originating communication (T302, 303, 305, 306) continue to run other than them, other running timers are stopped.”.
For logged measurements (T330 & 48-hour timer), we think that UE may not perform logged MDT while in PSM. 

	ZTE 
	Either Alt. 1 or Alt. 3.

Our preference is Alt. 1, for the reasons outlined by Samsung and Huawei. 
Regarding the logging of measurements, we think we should assume the possibilty that a UE supporting PSM can first of all be configured to perform logging of measurement (also note that a UE supporting PSM is not necessarily a static one) and that it can enter PSM also when configured to perform logging. So this case should be handled. In our view, in this case the logging of measurements should be suspended but the “the logging duration timer and time stamp will continue, and the logged measurement configuration and corresponding log are kept” (as already stated in XX.304 for the other cases when logged measurements are suspended) -> Alt. 1.

But we think that also Alt. 3 is acceptable. For MDT this would mean that the logged measurement configuration and corresponding logs are removed. But then 37.320 should be slightly updated:
There is no requirement to store non-retrieved data beyond 48 hours. In addition, all logged measurement configuration and the log shall be removed by the UE at switch off, or detach or when the UE enters PSM. 
(we believe that PSM needs to be esplicitly mentioned here, as the UE is definitely not switched off – at least NAS layer  – and it’s not even detached…)

	InterDigital
	Alternative 1.

After reviewing the specifications more completely, we agree with ZTE, Huawei and Samsung that AS back-off timers should be kept running during PSM, i.e. Alternative 1, to ensure barring mechanism remain as effective as today. 
Also Alternative 1 will also align the AS behavior with the NAS, since CT1 has similarly agreed to allow NAS back-off timer T3346  to keep running during PSM.

	Ericsson
	Alt 1 or Alt 3 

We acknowledge the comments provided by Samsung, Huawei and ZTE regarding the timers for access barring, i.e. T303/5/6. Similar comments may also apply to T320, T325, and T330. We think that further discussion is needed on whether uniform UE behavior is essential, i.e. see below for procedures upon “T330 expiry” and “power off or detach”.
5.6.6.4
T330 expiry

Upon expiry of T330 the UE shall:

1>
release VarLogMeasConfig;

The UE is allowed to discard stored logged measurements, i.e. to release VarLogMeasReport, 48 hours after T330 expiry.
5.6.7.2
Initiation

The UE shall initiate the procedure upon receiving a logged measurement configuration in another RAT. The UE shall also initiate the procedure upon power off or detach.
The UE shall:

1>
stop timer T330, if running;
1>
if stored, discard the logged measurement configuration as well as the logged measurement information, i.e. release the UE variables VarLogMeasConfig and VarLogMeasReport;


	Intel
	We support alternative 1. 

We concur with Samsung/Huawei’s comments regarding the potential misbehavior if the access related timers are stopped.  We did our internal study as well and have the following summary regarding the different AS timers. 

AS Timer

Description

Desired behaviour

Backoff

Starts upon sending RACH preamble

These timers should not be stopped if running.

If these timers are stopped, it might allow UEs to bypass or misuse legacy barring mechanism and might impair ongoing procedures with the network.

T300

Starts upon transmission of RRC connection request message

T302

Starts upon reception of RRC connection reject message with its value set to wait time value; upon expiry inform upper layers of the barring alleviation

T303, T305, T306

Starts upon access barred while performing RRC connection establishment with its value set to Tbarring, as part of ACB procedure

T320

Starts upon cell (re)selection to E-UTRA from another RAT with validity time configured for dedicated priorities 

These timers could be stopped or kept running, if applicable. 

For consistency and to reduce UE impacts, these timers could be kept running and leave up to UE implementation the handling upon expiry.

T325

Starts upon receiving RRC connection reject message with deprioritisation Time 
T330

Starts upon receiving Logged Measurement Configuration message. 

Even though some of the timers’ impact when stopped might not be critical, for consistency and simplicity, we prefer alternative 1 to keep them running.



	QC
	We support alternative 2. Keeping the timers running would impact the potential of power saving. Stopping the timers has functional impact to ACB and MDT. So, we think alternative 2 is a good tradeoff. 


Summary: 
There seems to be no clear majority among companies who expressed an opinion, with most of the companies preferring either Alt. 1 or Alt. 3:

· 6 companies in favour of Alt. 3

· 5 companies in favour of Alt. 1 (or alternatively Alt. 4, for some of them) 

· 2 companies ok with both Alt. 1 or Alt. 3
· 1 company in favour of Alt. 2

Proposal 2: Further discuss during the meeting which way to go regarding AS timers handling.

3.
Conclusions

Based on the email discussion the following proposals are made:
Proposal 1: Describe AS behaviour for PSM in XX.304 along the following lines:
When NAS indicates that PSM starts, the UE need not perform any idle mode tasks (*)

When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
(*) This text need to be complemented with a requirement on AS timers handling
Proposal 2: Further discuss during the meeting which way to go regarding AS timers handling.
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:
Acceptable Cell: A cell that satisfies certain conditions as specified in 4.3. A UE can always attempt emergency calls on an acceptable cell, but restriction as in 5.3.3 apply.

CSG Whitelist: A list provided by NAS containing all the CSG identities and their associated PLMN IDs of the CSGs to which the subscriber belongs.
NOTE:
This list is known as Allowed CSG List in Rel-8 Access Stratum specifications.

Available PLMN(s): One or more PLMN(s) for which the UE has found at least one cell and read its PLMN identity(ies).
Barred Cell: A cell a UE is not allowed to camp on.
Camped on a cell: UE has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information and (in most cases) paging information.
Camped on any cell: UE is in idle mode and has completed the cell selection/reselection process and has chosen a cell irrespective of PLMN identity.

Closed Subscriber Group (CSG): A Closed Subscriber Group identifies subscribers of an operator who are permitted to access one or more cells of the PLMN but which have restricted access (CSG cells).

Commercial Mobile Alert System: Public Warning System that delivers Warning Notifications provided by Warning Notification Providers to CMAS capable UEs.

CSG cell: A cell broadcasting a CSG indication that is set to TRUE and a specific CSG identity.
CSG identity: An identifier broadcast by a CSG or hybrid cell/cells and used by the UE to facilitate access for authorised members of the associated Closed Subscriber Group.
CSG member cell: a cell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN and for which the CSG whitelist of the UE includes an entry comprising cell’s CSG ID and the respective PLMN identity.
DRX cycle: Individual time interval between monitoring Paging Occasion for a specific UE.

EHPLMN:  Any of the PLMN entries contained in the Equivalent HPLMN list [5].
Equivalent PLMN list: List of PLMNs considered as equivalent by the UE for cell selection, cell reselection, and handover according to the information provided by the NAS.

EU-Alert: Public Warning System that delivers Warning Notifications provided by Warning Notification Providers using the same AS mechanisms as defined for CMAS.
Home PLMN: A PLMN where the Mobile Country Code (MCC) and Mobile Network Code (MNC) of the PLMN identity are the same as the MCC and MNC of the IMSI.

HNB Name: The Home eNodeB Name is a broadcast string in free text format that provides a human readable name for the Home eNodeB CSG identity and any broadcasted PLMN identity.
Hybrid cell: A cell broadcasting a CSG Indicator that is set to FALSE and a specific CSG identity.
Korean Public Alert System (KPAS): Public Warning System that delivers Warning Notifications provided by Warning Notification Providers using the same AS mechanisms as defined for CMAS.

Location Registration (LR): UE registers its presence in a registration area, for instance regularly or when entering a new tracking area.
Power saving mode: Mode allowing the UE to reduce its power consumption, as defined in TS 24.301 [16], TS 23.401 [xx], TS 23.682 [yy].
Process: A local action in the UE invoked by a RRC procedure or an Idle Mode procedure.

Radio Access Technology: Type of technology used for radio access, for instance E-UTRA, UTRA, GSM, CDMA2000 1xEV-DO (HRPD) or CDMA2000 1x (1xRTT).

Registered PLMN: This is the PLMN on which certain Location Registration outcomes have occurred [5].

Registration Area: (NAS) registration area is an area in which the UE may roam without a need to perform location registration, which is a NAS procedure.
Reserved Cell: A cell on which camping is not allowed, except for particular UEs, if so indicated in the system information.

Restricted Cell: A cell on which camping is allowed, but access attempts are disallowed for UEs whose access classes are indicated as barred.
Selected PLMN: This is the PLMN that has been selected by the NAS, either manually or automatically.

Serving cell: The cell on which the UE is camped.

Strongest cell: The cell on a particular carrier that is considered strongest according to the layer 1 cell search procedure [6], [7].

Suitable Cell: This is a cell on which an UE may camp. For a E-UTRA cell, the criteria are defined in subclause 4.3, for a UTRA cell in [8], and for a GSM cell the criteria are defined in [9].
3.2
Symbols

For the purposes of the present document, the following symbols apply:
<symbol>
<Explanation>
3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:
1xRTT
CDMA2000 1x Radio Transmission Technology

AS
Access Stratum

AC
Access Class (of the USIM)

BCCH
Broadcast Control Channel

CMAS
Commercial Mobile Altert System

CSG
Closed Subscriber Group

DRX
Discontinuous Reception

DL-SCH
Downlink Shared Channel 

EHPLMN
Equivalent Home PLMN

EPC
Evolved Packet Core

EPS
Evolved Packet System

ETWS
Earthquake and Tsunami Warning System

E-UTRA
Evolved UMTS Terrestrial Radio Access

E-UTRAN
Evolved UMTS Terrestrial Radio Access Network

FDD
Frequency Division Duplex

GERAN
GSM/EDGE Radio Access Network
HPLMN
Home PLMN

HRPD
High Rate Packet Data

IMSI
International Mobile Subscriber Identity 

MBMS
Multimedia Broadcast-Multicast Service

MBSFN
Multimedia Broadcast multicast service Single Frequency Network

MCC
Mobile Country Code

MCCH
Multicast Control Channel
MDT
Minimization of Drive Tests

MM
Mobility Management

MNC
Mobile Network Code

MTCH
Multicast Traffic Channel

NAS
Non-Access Stratum

PLMN
Public Land Mobile Network

PSM
Power Saving Mode
PWS
Public Warning System

RAT
Radio Access Technology

RRC
Radio Resource Control

SAP
Service Access Point

SIBX
SystemInformationBlockTypeX

TDD
Time Division Duplex 

UE
User Equipment

UMTS
Universal Mobile Telecommunications System

USIM
Universal Subscriber Identity Module

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

4
General description of Idle mode

4.1
Overview

The idle mode tasks can be subdivided into four processes:

-
PLMN selection;

-
Cell selection and reselection;

-
Location registration;

-
Support for manual CSG selection.

The relationship between these processes is illustrated in Figure 4.1-1.
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Figure 4.1-1: Overall Idle Mode process

When a UE is switched on, a public land mobile network (PLMN) is selected by NAS. For the selected PLMN, associated RAT(s) may be set [5]. The NAS shall provide a list of equivalent PLMNs, if available, that the AS shall use for cell selection and cell reselection. 

With the cell selection, the UE searches for a suitable cell of the selected PLMN and chooses that cell to provide available services, further the UE shall tune to its control channel. This choosing is known as "camping on the cell". 

The UE shall, if necessary, then register its presence, by means of a NAS registration procedure, in the tracking area of the chosen cell and as outcome of a successful Location Registration the selected PLMN becomes the registered PLMN [5].

If the UE finds a more suitable cell, according to the cell reselection criteria, it reselects onto that cell and camps on it. If the new cell does not belong to at least one tracking area to which the UE is registered, location registration is performed.

If necessary, the UE shall search for higher priority PLMNs at regular time intervals as described in [4] and search for a suitable cell if another PLMN has been selected by NAS.

Search of available CSGs may be triggered by NAS to support manual CSG selection.

If the UE loses coverage of the registered PLMN, either a new PLMN is selected automatically (automatic mode), or an indication of which PLMNs are available is given to the user, so that a manual selection can be made (manual mode).

Registration is not performed by UEs only capable of services that need no registration.

The purpose of camping on a cell in idle mode is fivefold:

a)
It enables the UE to receive system information from the PLMN.

b)
When registered and if the UE wishes to establish an RRC connection, it can do this by initially accessing the network on the control channel of the cell on which it is camped.

c)
If the PLMN receives a call for the registered UE, it knows (in most cases) the set of tracking areas in which the UE is camped. It can then send a "paging" message for the UE on the control channels of all the cells in this set of tracking areas. The UE will then receive the paging message because it is tuned to the control channel of a cell in one of the registered tracking areas and the UE can respond on that control channel.

d)
It enables the UE to receive ETWS and CMAS notifications.
e)
It enables the UE to receive MBMS services.

If the UE is unable to find a suitable cell to camp on or if the location registration failed (except for LR rejected with cause #12, cause #14, cause #15 or cause #25, see [5] and [16]), it attempts to camp on a cell irrespective of the PLMN identity, and enters a "limited service" state.
When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and  logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.
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).


Table 4.2-1: Functional division between AS and NAS in idle mode

4.3
Service types in Idle Mode

This clause defines the level of service that may be provided by the network to a UE in Idle mode.

The action of camping on a cell is necessary to get access to some services. Three levels of services are defined for UE:

-
Limited service (emergency calls, ETWS and CMAS on an acceptable cell)

-
Normal service (for public use on a suitable cell)

-
Operator service (for operators only on a reserved cell)

Furthermore, the cells are categorised according to which services they offer:

acceptable cell:

An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in a E-UTRAN network:

-
The cell is not barred, see subclause 5.3.1;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;

suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.

-
The cell is part of either: 

-
the selected PLMN, or: 
-
the registered PLMN, or:
-
a PLMN of the Equivalent PLMN list
-
For a CSG cell, the cell is a CSG member cell for the UE;
According to the latest information provided by NAS:

-
The cell is not barred, see subclause 5.3.1;

-
The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [4], which belongs to a PLMN that fulfils the first bullet above;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;

If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell.

barred cell:

A cell is barred if it is so indicated in the system information [3].
reserved cell:

A cell is reserved if it is so indicated in system information [3].

Following exceptions to these definitions are applicable for UEs:

-
camped on a cell that belongs to a registration area that is forbidden for regional provision of service; a cell that belongs to a registration area that is forbidden for regional provision service ([5], [16]) is suitable but provides only limited service.

-
as an outcome of the manual CSG selection procedure the UE is allowed to access an acceptable cell which fulfils the cell selection criteria and is not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and inform NAS that access is possible (for location registration procedure).

NOTE:
UE is not required to support manual search and selection of PLMN or CSGs while in RRC CONNECTED state. The UE may use local release of RRC connection to perform manual search if it is not possible to perform the search while RRC connected.

-
if a UE has an ongoing emergency call, all acceptable cells of that PLMN are treated as suitable for the duration of the emergency call.

5
Process and procedure descriptions

5.1
PLMN selection

In the UE, if AS is not deactivated by NAS, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously.

During PLMN selection, based on the list of PLMN identities in priority order, the particular PLMN may be selected either automatically or manually. Each PLMN in the list of PLMN identities is identified by a 'PLMN identity'. In the system information on the broadcast channel, the UE can receive one or multiple 'PLMN identity' in a given cell. The result of the PLMN selection performed by NAS (see 3GPP TS 23.122 [5]) is an identifier of the selected PLMN.

5.1.1
Void

5.1.2
Support for PLMN selection

5.1.2.1
General

On request of the NAS the AS shall perform a search for available PLMNs and report them to NAS.

5.1.2.2
E-UTRA case

The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN (see the PLMN reading in [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:

1.
For an E-UTRAN cell, the measured RSRP value shall be greater than or equal to -110 dBm.
Found PLMNs that do not satisfy the high quality criterion, but for which the UE has been able to read the PLMN identities are reported to the NAS together with the RSRP value. The quality measure reported by the UE to NAS shall be the same for each PLMN found in one cell.
The search for PLMNs may be stopped on request of the NAS. The UE may optimise PLMN search by using stored information e.g. carrier frequencies and optionally also information on cell parameters from previously received measurement control information elements.
Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.

If a CSG ID is provided by NAS as part of PLMN selection, the UE shall search for an acceptable or suitable cell belonging to the provided CSG ID to camp on. When the UE is no longer camped on a cell with the provided CSG ID, AS shall inform NAS.

5.1.2.3
UTRA case

Support for PLMN selection in UTRA is described in [8].

5.1.2.4
GSM case

Support for PLMN selection in GERAN is described in [9].

5.1.2.5
CDMA2000 case

For CDMA2000 the network determination for HRPD and 1xRTT is described in [17] and [18] respectively.

5.2
Cell selection and reselection

5.2.1
Introduction

UE shall perform measurements for cell selection and reselection purposes as specified in [10].

The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. The UE shall select a suitable cell based on idle mode measurements and cell selection criteria.

In order to speed up the cell selection process, stored information for several RATs may be available in the UE.

When camped on a cell, the UE shall regularly search for a better cell according to the cell reselection criteria. If a better cell is found, that cell is selected. The change of cell may imply a change of RAT. Details on performance requirements for cell reselection can be found in [10].

The NAS is informed if the cell selection and reselection results in changes in the received system information relevant for NAS.

For normal service, the UE shall camp on a suitable cell, tune to that cell's control channel(s) so that the UE can:

-
Receive system information from the PLMN; and

-
receive registration area information from the PLMN, e.g., tracking area information; and

-
receive other AS and NAS Information; and

-
if registered:

-
receive paging and notification messages from the PLMN; and

-
initiate transfer to connected mode.

5.2.2
States and state transitions in Idle Mode

Figure 5.2.2-1 shows the states and state transitions and procedures in RRC_IDLE. Whenever a new PLMN selection is performed, it causes an exit to number 1.
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Figure 5.2.2-1: RRC_IDLE Cell Selection and Reselection

8
Logged measurements

The UE may be configured to perform logging of measurement results in RRC_IDLE mode with the LoggedMeasurementsConfiguration message as specified in TS 36.331 [3]. This configuration is valid while the logging duration timer is running.

If the configuration of logged measurements is valid, the UE shall perform logging of measurement results if all of the following conditions are met:

-
The UE is in camped normally state in RRC_IDLE mode;

-
The RPLMN of the UE is the same as the RPLMN at the point of time of LoggedMeasurementConfiguration message reception, or is present in the plmn-IdentityList (see TS 36.331 [3]) if configured;
-
The UE is camped on a cell belonging to the areaConfiguration (see TS 36.331 [3]), if configured;

-
The UE is camped on the RAT where the logged measurement configuration was received.
-
The UE has not entered PSM.
Otherwise, the logging of measurement results shall be suspended.

NOTE:
Even if logging of measurement results is suspended, the logging duration timer and time stamp will continue, and the logged measurement configuration and corresponding log are kept.
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