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In Rel-14, enhancement for NB-IoT work item (WI) is approved to further enhance the performance of NB-IoT in terms of device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost NB-IoT [1]. 
In Rel-13 NRS is defined and used to facilitate the UE DL measurement, and the decoding of the various DL channels. A bit map of valid DL subframes, where NRSs are transmitted, is broadcast in NB-SIB1. On an anchor carrier, prior a NB-IoT UE device acquiring NB-SIB1, in standalone and guardband modes, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS, and in inband mode, the UE may assume NRSs are transmitted in subframes #0, #4 and in subframes #9 not containing NSSS. After acquiring NB-SIB1, the UE can assume NRSs are in all valid NB-IoT DL subframes in addition to the previous mentioned SFs in different operation modes.
As pointed out in our previous contribution [3], due to the operation mode and valid SF configurations of neighboring cells are not known to the UE, it is not clearly specified how the UE measurement is done in RRC_IDLE and RRC_CONNECTED modes. Therefore, both the eNB and UE can only infer certain behaviors of each other, which may cause problem in some cases, e.g., network optimization and UE cell selection or re-selection. 
In this contribution, we discuss the problems in detail, and propose certain clarifications in the spec to ensure a common understanding of the behaviors among eNB and UE. 
Background
Currently, in TS 36.214, the NRSRP and NRSRQ measurement for NB-IoT is given as follows [1].
[bookmark: _Toc462755366]5.1.26	Narrowband Reference Signal Received Power (NRSRP)

	Definition
	Narrowband Reference signal received power (NRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry narrowband specific reference signals within the considered measurement frequency bandwidth. 

For NRS based NRSRP determination the narrowband reference signals for the first antenna port (R2000) according to TS 36.211 [3] shall be used. If the UE can reliably detect that a second antenna port (R2001) is available it may use the second antenna port in addition to the first antenna port to determine NRSRP. 

The reference point for the NRSRP shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,



[bookmark: _Toc462755367]5.1.27	Narrowband Reference Signal Received Quality (NRSRQ)

	Definition
	Narrowband Reference Signal Received Quality (NRSRQ) is defined as the ratio NRSRP/NRSSI. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed OFDM symbols of measurement subframes, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

NRSSI is measured from all OFDM symbols of measurement subframes. 
The reference point for the NRSRQ shall be the antenna connector of the UE.

	Applicable for
	         RRC_IDLE intra-frequency, 
         RRC_IDLE inter-frequency



As highlighted in the text, for the NRSRQ measurement, the measurement should be done in the same set of resource blocks for both NRSRP and NRSSI. The NRSRP is based on NRS measurement, and NRSSI is measured from all OFDM symbols of measurement subframes. However, there is no clear definition of measurement subframes in the current spec. As mentioned above, as the UE has no knowledge about the invalid SF configurations as well as operation mode of the non-serving cells, the UE may have measured the invalid SFs that is used by the neighbouring non-serving cells. 
Observation 1   In the current specification, there is no clear definition of measurement subframes for NRSRQ measurements. 
It is proposed that RAN1 clarifies the idle mode measurement subframes to avoid mis-match behaviours between eNB and UE. 
Measurements in RRC_IDLE and RRC_CONNECTED modes
RRC_IDLE mode measurements
In TS36.133, it is required that “the UE shall measure the NRSRP and NRSRQ level of the serving NB-IoT cell and evaluate the cell selection criterion S defined in for the serving NB-IoT cell at least every DRX cycle.”  Notice that the NRSRQ is defined as NRSRP/NRSSI. However, NRSRP is measured based on NRS, but NRSSI is based on any observed OFDM symbols of measurement SFs. Furthermore, it is required that for NRSRQ measurement, measurements of NRSRP and NRSSI shall be made over the same set of resource blocks. The inband NB-IoT carrier is usually power boosted, but it is not required in the spec that the power should also be boosted in the invalid SFs. Therefore, for the neighbouring cell measurement, if the UE measure SFs #0, #4 and in subframes #9 not containing NSSS assuming the neighboring cell is in inband mode, and SFs #0, #1, #3, #4 and in subframes #9 not containing NSSS assuming the neighboring cell is in standalone or guardband mode. There is a risk that the SFs that the UE measure can be invalid SFs which is neither power boosted or contain NRS. Therefore, due to potential different invalid SF configurations and/or different operation modes among neighbouring cells, when performing measurement of non-serving cells, the UE may experience significant power fluctuation, which leads to wrong conclusion of the non-serving cell quality. This is very harmful in terms of cell re-selection. 
Observation 2   Due to different invalid SF configurations and/or different operation modes of serving and non-serving cells, the UE may experience significant received power fluctuation for NRSRQ measurements, which leads to wrong conclusion of the non-serving cell quality that harms the cell re-selection. 
More in details, in NB-IoT, invalid subframes (SFs) can be configured and there are no NRSs transmitted in the invalid SFs. The invalid SFs configurations are broadcast in the SI. When performing the idle model measurement, the UE is neither required to acquire nor verify the SI of its serving cell nor the neighboring cells. Therefore, the UE has no knowledge regarding whether the configuration of its serving cell has changed, or the invalid SFs of the neighboring cells. Therefore, the UE only can make minimum assumption when it measures NRSRP and NRSSI. In the current NB-IoT specification regarding NRS, we have the following in TS 36.211.
 “When UE receives higher-layer parameter operationModeInfo indicating guardband or standalone,
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS.
When UE receives higher-layer parameter operationModeInfo indicating inband-SamePCI or inband-DifferentPCI,
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4 and in subframes #9 not containing NSSS.”
Notice that the non-serving cells can have a different operation mode compared to the serving cell of a UE. Hence, SFs #0, #4 and #9 not containing NSSS are the SFs that are the minimum assumption a UE can use for the NRSRP/NRSSI measurements. Therefore, it is very important to clarify this in the RAN1 spec for the RRC_IDLE mode measurements. 
It is proposed that for RRC_IDLE intra-frequency, and RRC_IDLE inter-frequency measurements that NRSRP/NRSRQ measurements shall be limited to NRS and/or all the OFDM symbols in subframes #0, #4, in every frame, and subframe #9 in every 2nd radio frame not containing NSSS and fulfilling SFN-1 mod 2 = 0.

RRC_CONNECTED mode measurements
There is currently no support for RRC_CONNECTED mode NRSRQ measurements. In RRC_connected mode, the UE should perform radio link monitoring (RLM) by monitoring the DL quality. For RRC_CONNECTED mode measurements, it is beneficial from the UE power consumption point of view that a UE only monitors the DL SFs that it needs to check, which can already guarantee good enough NRSRP measurements. 
Based on the understanding of the sourcing company, the RAN4 specification requires that when (connected mode) DRX is used in the RRC_CONNECTED state, the measurement period is in a number of DRX cycles (see section 8.14 in TS36.133). This implies that a UE in RRC_CONNECTED state should only measure SFs of NPDCCH UE-specific search space and the SFs used for its NPDSCH transmission. 
It is proposed that for RRC_CONNECTED mode measurements:
· If the UE is on an anchor carrier, then NRSRP/RLF measurements shall be limited to NRS and/or all the OFDM symbols in subframes #0, #4, in every frame, and subframe #9 in every 2nd radio frame not containing NSSS and fulfilling NF-1 mod 2 = 0 and the subframes that are found in the configured UE specific search space (USS) on NPDCCHs addressed to the UE, and in the NPDSCH subframes addressed to the UE.
· If the UE is on a non-anchor carrier, then NRSRP/RLF measurements shall be limited to the subframes that are found in the configured UE specific search space (USS) on NPDCCHs addressed to the UE, and in NPDSCH subframes addressed to the UE.
Conclusions
Base on the above analysis and discussions, we have the following observations and proposals:
Observation 1   In the current specification, there is no clear definition of measurement subframes for NRSRQ measurements. 
Observation 2 Due to different invalid SF configurations and/or different operation modes of serving and non-serving cells, the UE may experience significant received power fluctuation for NRSRQ measurements, which leads to wrong conclusion of the non-serving cell quality that harms the cell re-selection.

1. It is proposed that RAN1 clarifies the idle mode measurement subframes to avoid mis-match behaviours between eNB and UE. 
1. It is proposed that for RRC_IDLE intra-frequency, and RRC_IDLE inter-frequency measurements that NRSRP/NRSRQ measurements shall be limited to NRS and/or all the OFDM symbols in subframes #0, #4, in every frame, and subframe #9 in every 2nd radio frame not containing NSSS and fulfilling SFN-1 mod 2 = 0.
It is proposed that for RRC_CONNECTED mode measurements:
· If the UE is on an anchor carrier, then NRSRP/RLF measurements shall be limited to NRS and/or all the OFDM symbols in subframes #0, #4, in every frame, and subframe #9 in every 2nd radio frame not containing NSSS and fulfilling NF-1 mod 2 = 0 and the subframes that are found in the configured UE specific search space (USS) on NPDCCHs addressed to the UE, and in the NPDSCH subframes addressed to the UE.
· If the UE is on a non-anchor carrier, then NRSRP/RLF measurements shall be limited to the subframes that are found in the configured UE specific search space (USS) on NPDCCHs addressed to the UE, and in NPDSCH subframes addressed to the UE.
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