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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK24][bookmark: OLE_LINK41]The document hereafter describes a situation related to field observations of an LPWA device. The device being a multimode device supporting besides NB-IoT at least one further non LPWA technology such as (LTE or GSM/GPRS) as fallback. The devices was in roaming (MVNO) and operated with eDRX.
Being in roaming is not unusual for LPWA devices as it was a device operated from an MVNO which are mainly in roaming, but same situation could also occur with a tracking and trace device or another device having mobility. Furthermore the device was configured with automatic PLMN selection which is standard usage, to ensure connectivity.
The “activity level” and power consumption was higher than expected due to an THPLMN  - eDRX interaction which is explained further hereafter.
Rel.-14 does not contain any measures to circumvent said behavior, whilst for Rel.-15 [4] a workaround exists for the observed problem.
However for Rel.-15 itself the problem of interrupting longer periods of reduced measurement activity such as relaxed monitoring as specified in TS36.304 Rel.-15 still exists.
Hence we finally propose to allow the solution of Rel.15 to early implementable and for Rel.-14 and enhance said solution in Rel.-15 to cope for the interaction of HPLMN-scan and relaxed monitoring causing increased power consumption.
Discussion
The behavior of the device is described hereafter. The observed behavior is inline with current 3GPP specification Rel.-14 and is it pointed out, how this could be circumvented. 
Even though the situation could be in general avoided, however none of this possibilities is really practical.
· By setting the devices to manual network selection which is not practical for IoT devices due to e.g. mobility of some devices. 
· The HPLMN scan timer could be special configured for those devices, which would cause logistic efforts (special treatment) and was rejected by the operator and furthermore it is not practical for tracking and trace devices. I.e. after crossing a border connectivity needs to be regained quickly.
· Situation also becomes worse in the future once LPWA multi-mode devices based on Rel.-15 including relaxed monitoring are available. 
Relaxed monitoring is a Rel.-15 feature [1], as long as the device measures its serving cell within a certain range, it can consider itself to be momentary stationary and the UE may choose not to perform intra-/inter-frequency neighbor cell measurements for power saving reasons for up to 24hours. When serving cell leaves said range the UE resumes its neighbor cell measurement activities.  This feature is considered to be used in future for e.g. tracking and trace devices while being waiting to be used on a track i.e. being still stored in the manufacturing plant of the gods to be tracked these devices are considered to make in future use of relaxed monitoring to save energy. Or simple for devices being fixed to a wall, no mobility is needed, hence measurements for mobility purposes can be omitted and just performed once per day, for e.g. something changes in the network.

Observed UE behavior 
As said the device (3GPP Rel.-14) was in roaming and operated on automatic HPLMN search.
The multi-mode device (NB-IoT+ one non-LPWA technology) was operated in NB-IoT active.
The NB-IoT device requested and was configured with an eDRX cycle of ~15minutes.
Observation1: Even though the eDRX cycle was 15minutes the device woke up in between the eDRX cycles and hence the power consumption was higher than expected.
Observation2: The additional wake-ups were caused by scanning for the HPLMN. THPLMN was configured to be 6 minutes.
The actual HPLMN scan timer was far smaller than the possible eDRX cycles.
The applied HPLMN scan time is in line with the specification. In case a device supports on further technology besides LPWA-technologies (NB-IoT, EC-GSM-IoT, Cat-M) such as GPRS or LTE Cat-1 regardless in which technology it works, the short interpretation of the SIM field has to be applied.
Compare TS 23.122 Rel.14:
____________________________________________________________________________
[bookmark: _Toc517188837]4.4.3.3	In VPLMN
[bookmark: _Toc517188838]4.4.3.3.1	Automatic and manual network selection modes
If the MS is in a VPLMN, the MS shall periodically attempt to obtain service on its HPLMN (if the EHPLMN list is not present or is empty) or one of its EHPLMNs (if the EHPLMN list is present) or a higher priority PLMN/access technology combinations listed in "user controlled PLMN selector" or "operator controlled PLMN selector" by scanning in accordance with the requirements that are applicable to i), ii) and iii) as defined in the Automatic Network Selection Mode in subclause 4.4.3.1.1.
…….
-	For an MS that does not only support any of the following or a combination of EC-GSM-IoT or Category M1 or Category NB1(as defined in 3GPP TS 36.306 [54]): T is either in the range 6 minutes to 8 hours in 6 minute steps or it indicates that no periodic attempts shall be made. If no value for T is stored in the SIM, a default value of 60 minutes is used for T.
-	For an MS that only supports any of the following or a combination of EC-GSM-IoT or Category M1 or Category NB1(as defined in 3GPP TS 36.306 [54]): T is either in the range 2 hours to 240 hours, using 2 hour steps from 2 hours to 80 hours and 4 hour steps from 84 hours to 240 hours, or it indicates that no periodic attempts shall be made. If no value for T is stored in the SIM, a default value of 72 hours is used.
If the MS is configured with the MinimumPeriodicSearchTimer as specified in 3GPP TS 24.368 [50] or 3GPP TS 31.102 [40], the MS shall not use a value for T that is less than the MinimumPeriodicSearchTimer. If the value stored in the SIM, or the default value for T (when no value is stored in the SIM), is less than the MinimumPeriodicSearchTimer, then T shall be set to the MinimumPeriodicSearchTimer.
_____________________________________________________________________________________
Value taken from the SIM is a common field interpreted differently depending whether being LPWA technology capable only or whether also supporting other technologies such as GSM or LTE (Cat-1) as fallback.
Compare TS 31.102:
_____________________________________________________________________________________
[bookmark: _Toc510545322]4.2.6      EFHPPLMN (Higher Priority PLMN search period)
This EF contains the interval of time between searches for a higher priority PLMN (see 3GPP TS 23.122 [31]).
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‑    Time interval.
Contents: 
               the time interval between two searches.
Coding: 
For all UEs except those only supporting any of the following, or a combination of: NB-IoT, GERAN EC-GSM-IoT and Category M1 of E-UTRAN enhanced-MTC as specified in 3GPP TS 36.306 [85], the time interval is coded in integer multiples of n minutes. The range is from n minutes to a maximum value. The encoding is:
‑    '00':           No higher priority PLMN search attempts;
‑    '01':           n minutes;
‑    '02':           2n minutes;
‑    :     :
‑    'YZ':          (16Y+Z)n minutes (maximum value). 
For UEs only supporting any of the following, or a combination of, NB-IoT, GERAN EC-GSM-IoT and Category M1 of E-UTRAN enhanced-MTC as specified in 3GPP TS 36.306 [85], the time interval is coded as follows. The range is from n hours to a maximum value. The encoding is:
‑    '00':           No higher priority PLMN search attempts;
‑    '01':           n hours (2 hours);
‑    '02' to '28': 2n hours (i.e. range from 4 hours to 80 hours with step of 2 hours);
‑    '29' to '50': 4n-80 hours (i.e. range from 84 hours to 240 hours with step of 4 hours).
-              All other values shall be interpreted by the ME as a default period.
For specification of the integer timer interval n, the maximum value and the default period refer to 3GPP TS 23.122 [31]. 
NOTE:    Care should be taken in the configuration of this EF, as the value stored can be interpreted in different ways depending on the type of device used.
____________________________________________________________________________
Means a multimode device (supporting one non-LPWA technology) irrespective of the technology being active takes always the short cycles.
Observation 3:  This means that the multi-mode UE has to interpret the value on the SIM in terms of minutes, and hence ends up with typical HPLMN scan value of 6 minutes. 
In 3GPP Rel.-15 the behaviour was updated for multi-mode devices, to cope for devices supporting both technologies.
___________________________________________________________________________
For an MS that supports both:
a)	any of the following or a combination of: EC-GSM-IoT, Category M1 or Category NB1 (as defined in 3GPP TS 36.306 [54]); and
b)	any access technology other than the following: EC-GSM-IoT, Category M1 or Category NB1 (as defined in 3GPP TS 36.306 [54]),
	then T is interpreted depending on the access technology in use as specified below:
1)	if the MS is using any of the following at the time of starting timer T: EC-GSM-IoT, Category M1 or Category NB1 (as defined in 3GPP TS 36.306 [54]), T is either in the range 2 hours to 240 hours, using 2 hour steps from 2 hours to 80 hours and 4 hour steps from 84 hours to 240 hours, or it indicates that no periodic attempts shall be made. If no value for T is stored in the SIM, a default value of 72 hours is used; and
2)	if the MS is not using any of the following at the time of starting timer T: EC-GSM-IoT, Category M1 or Category NB1 (as defined in 3GPP TS 36.306 [54]), T is either in the range 6 minutes to 8 hours in 6 minute steps or it indicates that no periodic attempts shall be made. If no value for T is stored in the SIM, a default value of 60 minutes is used for T.
____________________________________________________________________________
As referenced above, the interpretation of scan timer to be used depends from Rel.-15 onwards on the technology being currently in use. Due to increased eDRX times of NB-IoT and Cat-M being now sued in conjunction with increased HPLMN scan times the problem is partially solved.
Nevertheless, the wake-up for HPLMN scan during eDRX or relaxed monitoring should be circumvented in any case.
Observation 4:  Rel.-15 contains a partial solution for the observed problem, to circumvent the drawback for Rel.-14 devices, the solution should be made early implementable.
However, as said the current Rel.-15 specification is not sufficient, as in Rel.-15 relaxed monitoring was introduced as a feature (scan neighbour cells every 24 hours) [1] and also todays eDRX cycles for NB-IoT can be larger..
Considering the typical values seen in the field i.e. Timer set to 6 minutes for GSM and considering that this is one common field just differently interpreted this would mean when operation in NB-IoT or another LPWA technology the THPLMN scan periodicity would be set to 2 hours.

This value could already interrupt the eDRX cycle when operating in NB-IoT mode. For NB-IoT eDRX cycle durations are specified up to ~175min [3].
Observation5: Also for NB-IoT devices in eDRX or a multi-mode device consisting of LPWA technologies only being operated in NB-IoT could in rare cases interrupt eDRX cycle due to HPLMN scan values.
For UEs only supporting any of the following, or a combination of, NB-IoT, GERAN EC-GSM-IoT when being operated in Cat-M or NB-IoT with Relaxed monitoring [1]. 
The relaxed monitoring scan cycle of 24hours may be interrupted by periodic HPLMN scan.  Typical value being interpreted as 2 hours being below relaxed monitoring duration which allows to omit neighbour cell measurements for up to 24hours when being stationary.
Omitting neighbour cell measurements in relaxed monitoring for 24hours, because the device is momentary static and interrupting said periodicity every 2 hours for HPLMN scan does not make sense.
Observation6: For UEs only supporting any of the following, or a combination of, NB-IoT, GERAN EC-GSM-IoT when being operated in Cat-M or NB-IoT when being in relaxed monitoring, the periodic HPLMN scan timer could awake the device, i.e. using the “common value” being interpreted as 2 hours.

Proposed changes
The behaviour could be improved/corrected with following changes:
Also for Releases earlier than Rel.-15 the eDRX should not be interrupted by HPLMN scan. Hence any solution agreed should be marked as early implementable.
For the further changes Rel.-15 is proposed, even so Rel.-15 is a closed Release, because in NB-IoT/Cat-M the gap between devices brought in the field and issues experienced thereof and Release which is in standardization is rather large. Furthermore the increased power consumption at least for the case of interaction between relaxed monitoring and HPLMN scan is considered to be quite huge, and hence can be seen as additional error correction for Rel.-15.
 
It is proposed that eDRX and Relaxed monitoring are considered as such, no distinction of the device type i.e.:
· MS that does not only support any of the following or a combination of EC-GSM-IoT or Category M1 or Category NB1 
· MS that only supports any of the following or a combination of EC-GSM-IoT or Category M1 or Category NB1 
is necessary, because the changes having only an effect, if the timer configured for eDRX or the 24hours for Relaxed monitoring are larger than the specified value T of [2] for Higher Priority PLMN search period. 
The proposals made, are considered for Rel.-15 onwards, the change would only impact the UE behaviour in an optional manner, i.e. a device may suspend the periodic HPLMN not to interrupt eDRX period or as proposed for Rel.-15 not to interrupt the Relaxed monitoring.
The changes would not impact existing UEs but would allow for future devices being based on said Release to improve the power consumption. 
Proposal2: The proposed change that a device may postpone the periodic HPLMN not to interrupt eDRX sleep time is proposed from Rel.-15. 
If eDRX is configured for the UE and TeDRX>THPLMN periodic scan timer, the UE may postpone periodic scanning attempts. (Perform it at least every eDRX cycle.)

Proposal3: The proposed change that a device may postpone the periodic HPLMN not to interrupt the 24h Relaxed monitoring cycle [1] is proposed from Rel.-15 onwards. 
For a UE in relaxed monitoring, i.e. the relaxed monitoring criterion according to TS36.304 is fulfilled, the UE may postpone the periodic scanning attempts. Maximum time in relaxed monitoring is 24h.
Proposal4: The proposed solution should be marked as early implementable, hence also in Rel.-14 eDRX would not be interrupted by HPLMN scan

No impact on CN or BS is expected, as soon as the UE would start moving or leave the current network eDRX and Relaxed Monitoring would immediately be terminated and the define values for Higher Priority PLMN search period would be applied.  
Corresponding change/addition to TS23.122 Rel.-15
d2)	periodic attempts may be postponed while the MS is configured with eDRX , a periodic scan is to be performed with a periodicity of T HPLMN scan = Max(T,eDRXperiod)

Considering that a UE can be in eDRX cycle and in relaxed monitoring, the periodic HPLMN measurements could be omitted as for being in relaxed monitoring.

Corresponding change/addition to TS23.122 Rel.-15
d3)	periodic attempts may be postponed while the MS is in relaxed monitoring the aperiodic scan is to be performed at least with a periodicity of T HPLMN scan = Max(T,24h)
Both modification proposals would not impact a UE crossing a network/PLMN border, as eDRX configuration would no more be valid and relaxed monitoring would not be active anyway.
Conclusions
It is proposed for CT1 to discuss following change proposals.
Proposal 1 for solving the problem in Release 14: Clarify that proposed correction for TS23.122 would be early implementable.

Proposal 2/3 for Release 15 based on Version V15.7.0:
[bookmark: _Toc4429483]4.4.3.3.1	Automatic and manual network selection modes
………….
The attempts to access the HPLMN or an EHPLMN or higher priority PLMN shall be as specified below:
a)	The periodic attempts shall only be performed in automatic mode when the MS is roaming, and not while the MS is attached for emergency bearer services or has a PDN connection for emergency bearer services;
b)	The MS shall make the first attempt after a period of at least 2 minutes and at most T minutes:
-	only after switch on if Fast First Higher Priority PLMN search is disabled; or
-	after switch on or upon selecting a VPLMN if Fast First Higher Priority PLMN search is enabled.
c)	The MS shall make the following attempts if the MS is on the VPLMN at time T after the last attempt;
d)	Periodic attempts shall only be performed by the MS while in idle mode;
d1)	periodic attempts may be postponed while the MS is in power saving mode (PSM) (see 3GPP TS 23.682 [27A]).
d2)	periodic attempts may be postponed while the MS is configured with eDRX, a periodic scan is to be performed with a periodicity of T HPLMN scan = Max(T,eDRXperiod)
d3)	periodic attempts may be postponed while the MS is in relaxed monitoring the periodic scan is to be performed at least with a periodicity of T HPLMN scan = Max(T,24h)
e)	If the HPLMN (if the EHPLMN list is not present or is empty) or a EHPLMN (if the list is present) or a higher priority PLMN is not found, the MS shall remain on the VPLMN.
f)	In steps i), ii) and iii) of subclause 4.4.3.1.1 the MS shall limit its attempts to access higher priority PLMN/access technology combinations to PLMN/access technology combinations of the same country as the current serving VPLMN, as defined in Annex B.
g)	Only the priority levels of Equivalent PLMNs of the same country as the current serving VPLMN, as defined in Annex B, shall be taken into account to compare with the priority level of a selected PLMN.
h)	If the PLMN of the highest priority PLMN/access technology combination available is the current VPLMN, or one of the PLMNs in the "Equivalent PLMNs" list, the MS shall remain on the current PLMN/access technology combination.

If proposed changes are agreeable, we propose to approve the related CR for Rel.15 and beyond.
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