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Introduction
RAN4 made considerable progress in defining requirements for connected mode NB-IoT neighbor cell measurements in RAN4#101-bis-e.  Agreements were captured in a WF [1] and they reproduced in the Appendix for convenience. The requirements for intra-frequency detection and measurements are now finalized. In this paper we discuss open issues concerning inter-frequency requirements.
Discussion
The agreements for inter-frequency cell detection and measurements achieved in RAN4#101-bis-e are shown below. 
Issue 1-2-4: Detailed requirements for inter-frequency measurement
Agreement：
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
Tmeasure_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NRS and NSSS more frequent than once per 20ms and once per 40ms, where Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS. 
· N = 60 for NRS-based measurement and 40 for NSSS based measurement.
· UE will restart the measurement when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tmeasure_inter is less than X seconds. X is FFS.
Issue 1-2-5: Detailed requirements for inter-frequency detection:
Agreement：
Requirements for inter-frequency detection on a carrier different from serving carrier requirements is defined as:
Tdetect_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NPSS/NSSS more frequent than once per 40ms, where Ta,i ≥ 40 ms, and N = 70.
· UE will restart the detection when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tdetect_inter is less than X seconds. X is FFS.


As we commented during the discussion, the first agreement basically says that for an inter-frequency measurement the UE needs to measure 60(40) samples of NRS(NSSS), where the time interval between adjacent samples may be between 20 ms(40 ms) and 5 sec. The measurement period (per carrier) could last between 1.2 (1.6) sec and 5 (3.3) minutes. It’s a very wide range and the upper bound is much longer that it would take the UE to declare RLF. In our view, this requirement implies that the measurements are best effort. The key elements of the requirement are: a) the minimum number of samples used for the measurements, and b) the minimum spacing between samples. A similar observation applies to the agreement for cell detection.
In the last GTW of  RAN4#101-bis-e, applicability statements (highlighted above) with FFS were added to the agreements, perhaps to try to address the aforementioned issue. If a smaller value of measurement period is to be agreed, it should be based on analysis that accounts for inter-frequency measurement overhead and available time for measurements depending on duplexing mode, carrier type, NPDDCH configuration, etc.
More likely, the intention to include the FFS statement in the agreements is simply to limit the amount of time that the UE needs to measure single inter-frequency carrier. i.e. the UE may stop trying to detect/measure cells in an inter-frequency carrier after some time X if it has not been able to collect the minimum number of samples. One reasonable approach may be to limit the inter-frequency detection/measurement time to the largest possible value for intra-frequency detection/measurements.
Observation 1: A smaller value of Tmeasure_inter (Tdetect_inter) would have to be justified with analysis that considers measurement overhead (retuning) and available measurement time according to duplexing mode (FDD/TDD), carrier type (anchor/non-anchor), NPDCCH configuration, etc.
Proposal 1: The inter-frequency measurement requirements when Tmeasure_inter ≤ 50 sec. The UE is not required to continue trying to measure cells in an inter-frequency carrier if it has not been able to collect the minimum required number of samples after that amount of time.
Proposal 2: The inter-frequency detection requirements apply when Tdetect_inter ≤ 60 sec. The UE is not required to continue trying to detect cells in an inter-frequency carrier if it has not been able to collect the minimum required number of samples after that amount of time.
Another issue that has been identified concerns that testability of the neighbor cell measurement requirements. RAN4 has agreed that the UE would measure cells in the serving carrier and at least two inter-frequency carriers [2]. However, so far RAN4 considers that the decision of which inter-frequency carriers to measure is left up to UE implementation. If that is the case, it does not seem possible to design a test case to verify measurement delay when the target cell is an inter-frequency cell. The UE is not required to detect/measure cells on any particular carrier other than the serving carrier, so it may not find the target cell simply because it is not looking at the carrier where the target cell is present.
One way to address this testability issue would be to specify a requirement on one of the inter-frequency carriers that the UE should measure, at least in some scenarios. E.g. in the scenario where the serving carrier is a non-anchor carrier, it would be reasonable for the UE to search/measure cells on the anchor carrier.
Proposal 3: In the case where the serving carrier is a non-anchor carrier, a UE that supports inter-frequency neighbor cell measurements in connected mode is expected to detect/measure inter-frequency cells on the anchor carrier. The selection of other inter-frequency carriers to detect/measure cells in connected mode is left up to UE implementation.


Conclusions
Observation 1: A smaller value of Tmeasure_inter (Tdetect_inter) would have to be justified with analysis that considers measurement overhead (retuning) and available measurement time according to duplexing mode (FDD/TDD), carrier type (anchor/non-anchor), NPDCCH configuration, etc.
Proposal 1: The inter-frequency measurement requirements when Tmeasure_inter ≤ 50 sec. The UE is not required to continue trying to measure cells in an inter-frequency carrier if it has not been able to collect the minimum required number of samples after that amount of time.
Proposal 2: The inter-frequency detection requirements apply when Tdetect_inter ≤ 60 sec. The UE is not required to continue trying to detect cells in an inter-frequency carrier if it has not been able to collect the minimum required number of samples after that amount of time.
Proposal 3: In the case where the serving carrier is a non-anchor carrier, a UE that supports inter-frequency neighbor cell measurements in connected mode is expected to detect/measure inter-frequency cells on the anchor carrier. The selection of other inter-frequency carriers to detect/measure cells in connected mode is left up to UE implementation.
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Appendix
Agreements from RAN4#101-bis-e [1].
Issue 1-1-1: Intra-frequency requirement when DRX is not configure
Agreement:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
Issue 1-1-2: Intra-frequency requirement when DRX is configured
Agreement:
Tdetect_intra = 6 DRX cycles
Tmeasure_intra = 5 DRX cycle
Issue 1-2-1: General – How to formulate inter-frequency measurement
Agreement:
· Define inter-frequency measurement requirements based on number of available samples in available measurement occasions.
· Number of samples are determined based on agreed time in LS reply and sampling rate.
· UE can process multiple samples within in one measurement occasion at a time
· FFS：Add addition assumption on minimum length of measurement occasions to avoid high overhead which will be discussed in issue 1-2-3
Issue 1-2-2: General – How to formulate inter-frequency detection
Agreement:
· Define inter-frequency detection requirements based on number of available samples in available measurement occasions.
· Number of samples are determined based on agreed time in LS reply and NPSS/NSSS interval.
· UE can process multiple samples within in one measurement occasion at a time
· FFS: Add addition assumption on minimum length of measurement occasions to avoid high overhead which will be discussed in issue 1-2-3
Issue 1-2-3: Condition on inter-frequency measurement 
Sub-3: Assumed sampling rate for measurement
Agreement:
· Assumed sampling rate for measurement is 20 ms for NRS and 40 ms for NSSS
Sub-4: Whether to have minimum spacing between occasions. 
Agreement:
· No need to require a minimum spacing between measurement occasions


Issue 1-2-4: Detailed requirements for inter-frequency measurement
Agreement：
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
Tmeasure_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NRS and NSSS more frequent than once per 20ms and once per 40ms, where Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS. 
· N = 60 for NRS-based measurement and 40 for NSSS based measurement.
· UE will restart the measurement when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tmeasure_inter is less than X seconds. X is FFS.
Issue 1-2-5: Detailed requirements for inter-frequency detection:
Agreement：
Requirements for inter-frequency detection on a carrier different from serving carrier requirements is defined as:
Tdetect_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NPSS/NSSS more frequent than once per 40ms, where Ta,i ≥ 40 ms, and N = 70.
· UE will restart the detection when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tdetect_inter is less than X seconds. X is FFS.
Issue 1-3-1: Requirements when UE is required to monitor multiple carriers
Agreement:
· Requirements for cell detection and measurement when UE is required to monitor multiple carriers are defined as:
· Tdetect = Tdetect _intra+Nfreq* Tdetect_inter
· Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter
· Where Nfreq is number of inter-frequency layers to be measured according to the measurement capability.
Issue 1-4-1: Whether to deprioritize defining requirements when serving cell in enhanced coverage.  
Agreement:
· Define CONNECTED mode neighbour cell measurement requirements when the serving cell is in enhanced coverage

Issue 1-6-1: Whether to indicate when UE needs to start inter-f measurements
Agreements:
It is within in RAN2 scope and no need to further discuss in RAN4

Issue 1-2-4: Detailed requirements for inter-frequency measurement
Agreement：
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
Tmeasure_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NRS and NSSS more frequent than once per 20ms and once per 40ms, where Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS. 
· N = 60 for NRS-based measurement and 40 for NSSS based measurement.
· UE will restart the measurement when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tmeasure_inter is less than X seconds. X is FFS.

Issue 1-2-5: Detailed requirements for inter-frequency detection:
Agreement：
Requirements for inter-frequency detection on a carrier different from serving carrier requirements is defined as:
Tdetect_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NPSS/NSSS more frequent than once per 40ms, where Ta,i ≥ 40 ms, and N = 70.
· UE will restart the detection when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tdetect_inter is less than X seconds. X is FFS.
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