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1 Introduction
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) [1] was approved. One of the objectives of the WI is to introduce relaxed cell (re) selection for Rel-15 MTC.
	Improved power consumption:

· Relaxed monitoring for cell reselection [RAN2 lead, RAN4]
· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration.


In this contribution, we will discuss delta scheme for relaxed monitoring in more detail.
2 Discussion
2.1 Intra-/inter-frequency measurements
In GSM [2], there is no concept of intra- and inter-frequency measurements, because each neighbor cell uses a different ARFCN. The UE requiring detection of stronger cell only needs to perform measurement of at least N neighbor cell.
Observation1: In GSM, there is no concept of intra- and inter-frequency measurements.
Currently, in legacy LTE/eMTC and NB-IoT, there are different conditions to trigger inter- and intra-frequency measurements as depicted in Annex [3]. Furthermore, the cell broadcasts SIntraSearchP, SIntraSearchQ, SnonIntraSearchP and SnonIntraSearchQ to control intra- and inter-frequency measurements respectively. Generally, there are three concerns on intra- and inter-frequency measurements:

· Same frequency network in LTE
In LTE, same frequency network is a common scenario as LTE supports larger system bandwidth. Same frequency network improves network spectrum efficiency and network capacity, which achieves better performance. In this case, when a UE performs measurements and/or cell reselection, it is more likely that the UE will find an intra-frequency cell rather than an inter-frequency cell. Therefore, the eNB is able to control the UE to trigger intra-frequency measurement or intra-frequency measurements and cell reselection separately.
· Complexity of intra- and inter-frequency measurements
Actually, the UE always monitors the radio conditions of its serving cell when it wakes up from DRX/eDRX. If the serving cell drops below SIntraSearchP or SIntraSearchQ, the UE should perform intra-frequency measurement. During intra-frequency measurement, the UE does not need to retune its RF as the UE does not change its monitored frequency. In this case, the UE only needs to detect more PSS/SSS to check whether there are any other intra-frequency cell(s).
However, when the UE performs inter-frequency measurement, the UE has to retune its RF on the other frequency to detect inter-frequency cell(s). In this case, the UE cannot monitor its serving frequency. If the UE monitors inter-frequency when it wakes up from DRX/eDRX, the UE may miss a paging message that is transmitted on its serving frequency during DRX/eDRX active time. If the UE monitors inter-frequency during DRX/eDRX inactive time, it is not power efficient for the UE as the UE has to wake up for additional time.
· Load control on intra- and inter-frequency
For eMTC and NB-IoT, there is no priority concept any more in order to achieve simplicity. Then during cell reselection, the UE takes both intra- and inter-frequency cell as the same priority and just ranks them together. After that, the eNB cannot realize load control by priority scheme. However, before cell reselection, the UE has to perform measurement. Even though the eNB is not able to control cell reselection via priority scheme, the eNB could control the UE to perform intra- and inter-frequency measurement via different triggering conditions, i.e. SIntraSearchP and SnonIntraSearchP. For example, if the eNB finds the load of intra-frequency is higher than inter-frequency, the eNB can configure a lower value of SIntraSearchP and a higher value of SnonIntraSearchP. Then the UE performs Inter-frequency measurement easily and tends to reselect to an inter-frequency cell.
Observation2: in LTE/eMTC, it is beneficial to specify separate conditions for intra- and inter-frequency measurement considering same frequency network, measurement complexity and load control.
Proposal1: Legacy thresholds SIntraSearchP and SNonIntraSearchP apply when delta scheme for relaxed monitoring is used.
2.2 Delta scheme
Referring to the Delta scheme in GSM [2], the UE shall keep track of two SRxLev values:
· SRxLev_Best: the best SRxLev value experienced in the serving cell since last performing measurements for cell reselection, or, after cell selection, since selecting the serving cell; and

· SRxLev_Current: the most recently evaluated SRxLev (i.e. the current SRxLev value)
Upon evaluating SRxLev it determines if the current SRxLev value (SRxLev​_Current) is less than the best SRxLev value (SRxLev_Best) by more than SRxLev_DELTA. SRxLev_DELTA is calculated each time measurements for cell reselection are performed. Measurements for cell reselection are triggered if the difference is greater than SRxLev_DELTA.
Taking into account intra-/inter-frequency measurements and referring to [2], we propose following criteria to be adopted as the baseline.

	5.2.4.x
Criteria for triggering measurement rules checking for cell re-selection

The UE shall proceed as described in sub-clause 5.2.4.2 if any of the following criteria are fulfilled:

-
Cell selection has been completed and monitoring of non-serving cells for cell reselection has not yet been performed;

-
SRxLev ≤ 0;

-
A change in PCI is detected;

-
SRxLev_Best – SRxLev_Current > SRxLev_DELTA;
-
More than [24] hours have passed since the last evaluation of SRxLev of non-serving cells;


Proposal2: Adopt the above criteria for triggering the check of measurement rules in section 5.2.4.2 as a baseline.
Additionally, as with GSM, in case the serving cell is strong enough the measurements should be relaxed; on the other hand, in case the serving cell is poor, more measurements are expected. Therefore, after performing measurements for cell reselection, the UE shall calculate the difference D between the most recent SRxLev of the serving cell and the most recent SRxLev of the strongest evaluated neighbor cell, and update SRxLev_DELTA as follows:
SRxLev_DELTA = min( max(D, SRxLev_DELTA_MIN), SRxLev_DELTA_MAX)
If no neighbor cell has been found, SRxLev_DELTA shall be set to SRxLev_DELTA_MAX.

The parameters SRxLev_DELTA_MIN and SRxLev_DELTA_MAX can be sent in SIB.

Proposal3: after performing measurements for cell reselection, the UE should update SRxLev_DELTA as follows: SRxLev_DELTA = min( max(D, SRxLev_DELTA_MIN), SRxLev_DELTA_MAX), in which, the parameters SRxLev_DELTA_MIN and SRxLev_DELTA_MAX is sent in SIB.
3 Conclusion and Proposals
In this contribution, we discuss relaxed monitoring for cell reselection, and we observe and propose that:
Observation1: In GSM, there is no concept of intra- and inter-frequency measurements.
Observation2: in LTE/eMTC, it is beneficial to specify separate conditions for intra- and inter-frequency measurement considering same frequency network, measurement complexity and load control.

Proposal1: Legacy thresholds SIntraSearchP and SNonIntraSearchP apply when delta scheme for relaxed monitoring is used.
Proposal2: Adopt the following criteria for triggering the check of measurement rules in section 5.2.4.2 as a baseline.

	5.2.4.x
Criteria for triggering measurement rules checking for cell re-selection

The UE shall proceed as described in sub-clause 5.2.4.2 if any of the following criteria are fulfilled:

-
Cell selection has been completed and monitoring of non-serving cells for cell reselection has not yet been performed;

-
SRxLev ≤ 0;

-
A change in PCI is detected;

-
SRxLev_Best – SRxLev_Current > SRxLev_DELTA;
-
More than [24] hours have passed since the last evaluation of SRxLev of non-serving cells;


Proposal3: after performing measurements for cell reselection, the UE should update SRxLev_DELTA as follows: SRxLev_DELTA = min( max(D, SRxLev_DELTA_MIN), SRxLev_DELTA_MAX), in which, the parameters SRxLev_DELTA_MIN and SRxLev_DELTA_MAX is sent in SIB.
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5 Annex

Measurement rules for cell re-selection for LTE/eMTC and NB-IoT from TS 36.304.

	5.2.4.2
Measurement rules for cell re-selection

For NB-IoT measurement rules for cell re-selection is defined in sub-clause 5.2.4.2.a.

When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies according to [10].
-
For an E-UTRAN inter-frequency with an equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRAN frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo.
-
Otherwise, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to [10].

5.2.4.2a
Measurement rules for cell re-selection for NB-IoT

When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements.
-
Otherwise, the UE shall perform inter-frequency measurements.
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