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1. Introduction
The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2]. In which, the following objective is included:
A-4. NB-IoT small cell support
· Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].
· Appropriate eNB classes [RAN4]
· Support for closed subscriber group (CSG) functionality can be considered. [RAN2]
In this paper, we will discuss the straightforward modifications on 36.304 for supporting CSG in UE idle mode procedures in FeNB-IoT.
2. Discussion
The 3GPP 36.304 Technical Specification is used to specify the E-UTRAN UE procedures in idle mode, in which, CSG selection procedure, which is used in legacy LTE UE procedure in idle mode, is excluded in NB-IoT UE procedure in idle mode. Considering the similar UE behaviour for LTE and NB-IoT in idle mode, the CSG selection procedure for LTE UE in idle mode should be taken as the baseline for the CSG selection procedure for NB-IoT UE in idle mode when CSG is supported in R15 NB-IoT.
Proposal 1: The CSG selection procedure for LTE UE in idle mode should be taken as the baseline for the CSG selection procedure for NB-IoT UE in idle mode.
For reselection priorities handling, it is specified that:
“While the UE is camped on a suitable CSG cell in normal coverage, the UE shall always consider the current frequency to be the highest priority frequency (i.e. higher than any of the network configured values), irrespective of any other priority value allocated to this frequency.”
In LTE, frequency priority involves the inter-frequency measurement, and which is specified as follows:
-	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]. Which means that when the UE is camped on a suitable CSG cell in normal coverage, 
This means:
· while the UE is camped on a suitable CSG cell in normal coverage,  the UE shall always consider the current frequency to be the highest priority 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
That’s for LTE: when the UE is camped on a suitable CSG cell in normal coverage and the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies
Observation 1: When the LTE UE is camped on a suitable CSG cell in normal coverage and the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform E-UTRAN inter-frequency measurements.
Taken into account that frequency priority based cell reselection procedure is not supported in NB-IoT, and the inter-frequency measurement triggering criteria is more strigent than LTE as following: 
-	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.
The inter-frequency measurement rules of “if the serving cell fulfils Srxlev > SnonIntraSearchP and the UE is camped on a suitable CSG cell in normal coverage, the UE may choose not to perform inter-frequency measurements” already can be performed in NB-IoT.
Observation 2: The inter-frequency measurement triggering criteria is more strigent than LTE, and the inter-ferency measurement rules of “if the serving cell fulfils Srxlev > SnonIntraSearchP and the UE is camped on a suitable CSG cell in normal coverage, the UE may choose not to perform inter-frequency measurements” already can be performed in NB-IoT.
Proposal 2: It’s not necessary for NB-IoT to specify that “the UE is camped on a suitable CSG cell in normal coverage and the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements”.

In current specification, whether a CSG cell is not suitable due to not being a CSG member cell is decided during cell reselection procedure as follows (not in measurement procedure):
If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection
That means even a CSG cell is not suitable due to not being a CSG member cell, UE should also measure it and rankit with other cells. This will cause UE power consumption and should be avoided.
Observation 3: In current specification, whether a CSG cell is not suitable due to not being a CSG member cell is decided during cell reselection procedure, not in measurement procedure.
Proposal 3: Whether a CSG cell is not suitable due to not being a CSG member cell should be early decided during measurement procedure and the unsuitable CSG cell should be excluded from the measurement objects.

3. Conclusion
Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: When the LTE UE is camped on a suitable CSG cell in normal coverage and the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform E-UTRAN inter-frequency measurements.
Observation 2: The inter-frequency measurement triggering criteria is more strigent than LTE, and the inter-ferency measurement rules of “if the serving cell fulfils Srxlev > SnonIntraSearchP and the UE is camped on a suitable CSG cell in normal coverage, the UE may choose not to perform inter-frequency measurements” already can be performed in NB-IoT.
Observation 3: In current specification, whether a CSG cell is not suitable due to not being a CSG member cell is decided during cell reselection procedure, not in measurement procedure.

Proposal 1: The CSG selection procedure for LTE UE in idle mode should be taken as the baseline for the CSG selection procedure for NB-IoT UE in idle mode.
Proposal 2: It’s not necessary for NB-IoT to specify that “the UE is camped on a suitable CSG cell in normal coverage and the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements”.
Proposal 3: Whether a CSG cell is not suitable due to not being a CSG member cell should be early decided during measurement procedure and the unsuitable CSG cell should be excluded from the measurement objects.
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5. Appendix: 
Initial modifications on 36.304 for supporting CSG in UE idle mode procedures in FeNB-IoT are listed as following.
	<Start of first modified section>
[bookmark: _Toc477938398]4.4	NB-IoT functionality in Idle Mode
This specification is applicable to NB-IoT, except for the following functionality which is not applicable to NB-IoT:
-	Acceptable cell
-	Accessibility measurements
-	Access Control based on ACDC categories
-	Camped on Any cell state
-	CSG, including support for manual CSG selection and CSG or Hybrid cell related functionality in PLMN selection, or HNB name (SIB9), Cell selection and Cell reselection.
-	Emergency call
-	E-UTRAN Inter-frequency Redistribution procedure
-	Inter-RAT Cell Selection and Reselection including measurements in other RATs
-	Logged measurements
-	Mobility History Information
-	Mobility states of a UE
-	Priority based reselection
-	Public warning system including CMAS, ETWS, PWS.
-	RAN-assisted WLAN interworking
-	Sidelink operation
<end of first modified section>

<Start of second modified section>
[bookmark: _Toc477938421]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.
If a non-serving cell is a CSG cell, and a CSG UE is not the member of the CSG, the UE shall not perform the measurements for the cell.
<end of second modified section>

<Start of third modified section>
[bookmark: _Toc477938431]5.2.4.8.1	Cell reselection from a non-CSG cell to a CSG cell
For NB-IoT Cell reselection from a non-CSG cell to a CSG cell is defined in sub-clause 5.2.4.8.1a.
In addition to normal cell reselection, the UE shall use an autonomous search function to detect at least previously visited CSG member cells on non-serving frequencies, including inter-RAT frequencies, according to the performance requirements specified in [10], when at least one CSG ID with associated PLMN identity is included in the UE’s CSG whitelist. The UE may also use autonomous search on the serving frequency. The UE shall disable the autonomous search function for CSG cells if the UE’s CSG whitelist is empty.
NOTE:	The UE autonomous search function, per UE implementation, determines when and/or where to search for CSG member cells.
If the UE detects one or more suitable CSG cells on different frequencies, then the UE shall reselect to one of the detected cells irrespective of the frequency priority of the cell the UE is currently camped on, if the concerned CSG cell is the highest ranked cell on that frequency.
If the UE detects a suitable CSG cell on the same frequency, it shall reselect to this cell as per normal reselection rules (5.2.4.6.).
If the UE detects one or more suitable CSG cells on another RAT, the UE shall reselect to one of them according to [19].
5.2.4.8.1a   Cell reselection from a non-CSG cell to a CSG cell for NB-IoT(new added section)
In addition to normal cell reselection, the UE shall use an autonomous search function to detect at least previously visited CSG member cells on non-serving frequencies, including inter-RAT frequencies, according to the performance requirements specified in [10], when at least one CSG ID with associated PLMN identity is included in the UE’s CSG whitelist. The UE may also use autonomous search on the serving frequency. The UE shall disable the autonomous search function for CSG cells if the UE’s CSG whitelist is empty.
NOTE:	The UE autonomous search function, per UE implementation, determines when and/or where to search for CSG member cells.
If the UE detects one or more suitable CSG cells on different frequencies, then the UE shall reselect to one of the detected cells irrespective of the frequency priority of the cell the UE is currently camped on, if the concerned CSG cell is the highest ranked cell on that frequency.
If the UE detects a suitable CSG cell on the same frequency, it shall reselect to this cell as per normal reselection rules (5.2.4.6.).
If the UE detects one or more suitable CSG cells on another RAT, the UE shall reselect to one of them according to [19].
Note: the deletion mark in this new added section is for indicating the content which is in legacy LTE but not neede for NB-IoT.
<end of third modified section>

<Start of fourth modified section>
[bookmark: _Toc477938432]5.2.4.8.2	Cell reselection from a CSG cell
While camped on a suitable CSG cell, the UE shall apply the normal cell reselection rules as defined in subclause 5.2.4.
To search for suitable CSG cells on non-serving frequencies, the UE may use an autonomous search function. If the UE detects a CSG cell on a non-serving frequency, the UE may reselect to the detected CSG cell if it is the highest ranked cell on its frequency.
Except for NB-IoT, iIf the UE detects one or more suitable CSG cells on another RAT, the UE may reselect to one of them if allowed according to [19].
<end of fourth modified section>

<Start of fifth modified section>
[bookmark: _Toc477938449]5.5	Support for manual CSG selection
[bookmark: _Toc477938450]5.5.1	E-UTRA and NB-IoT 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.
<end of fifth modified section>
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