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Introduction
The Release 13 work is approaching its final stages. During the recent work of RAN4 to specify measurement accuracies and procedures for NB-IoT Release 13 it has come to our attention that RAN1 measurement definitions needs to be updated to be in line with the design principles of NB-IoT in terms of low complexity and low energy consumption.
From TS 36.214 version 13.3.0 of [1], the NRSRP and NRSRQ measurement for NB-IoT is given as follows:
Table 1 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,



Table 2 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 over all OFDM symbols of measurement subframes. However, there is no clear definition of measurement subframes in the current RAN1 or RAN4 specifications. 

RAN4 furthermore specifics requirement for RRC_CONNECTED mode measurements for Radio Link Failure in TS 36.133. Also for those no clear definition of measurement subframes in the current RAN1 or RAN4 specifications can be found.
Discussion
In NB-IoT invalid SF can be configured and when measuring NRSSI the UE will not acquire the SI of non-serving cells. Further, notice that when performing NRSRP measurements the UE is not required to verify the system information of the serving cell, and therefore, if there is a configuration change of the valid SFs, the UE may not know what subframes that are valid. Therefore, the UE can only make minimum assumption when it measures NRSRP and NRSSI. In the current NB-IoT specification regarding NRS, we have the following specified in TS 36.211 [2]. 

“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, subframes #0, #4 and #9 not containing NSSS are the subframes 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.

Furthermore, it is also beneficial to clarify the measurement procedure for the support of Release 13 RRC_CONNECTED mode NRSRP measurements. For these measurements, it is our understanding that it is beneficial from the UE power consumption point of view if a UE only monitors the DL SFs that it is addressed to the UE, which we believe is sufficient to guarantee accurate NRSRP measurements. 

In addition the RAN4 specification requires that when (connected mode) DRX is used in the RRC_CONNECTED state, the measurement period is defined in the number of supported DRX cycles (see section 8.14 in TS 36.133 [3]). This implies that a UE in RRC_CONNECTED state should only measure on subframes of NPDCCH UE-specific search space and the subframes used for its NPDSCH transmission. Therefore, specifying that a UE in RRC_CONNECTED shall measure on the DL SFs that it is addressed to the UE should have no impact on the UE operation. But it’s of significance importance to clarify this from the network point of view. 

The UE also makes measurements of the radio link quality in RRC_CONNECTED mode to determine the statue of the Radio Link Failure metric. It is our view that the UE shall use the same SFs for these measurements as for RRC_CONNECTED NRSRP measurements. 
Conclusion
Based on the above discussion, we propose to clarify that the definition of measurement subframes for NRSRQ, NRSRP and RLF measurements are made as follows. 
· For RRC_IDLE mode measurements: 
· 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.
· 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 (SFN-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.
[bookmark: _GoBack]If this can be agreed the sourcing company will provide a CR to TS 36.214 as presented in the Annex, and draft a LS to RAN4 asking for their guidance on where to specify measurement subframes for the NB-IoT Release 13 RLF criteria.
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< Unchanged parts are omitted >
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 subframes and measurement frequency bandwidth. 
For RRC_IDLE intra-frequency and RRC_IDLE inter-frequency measurements:
The measurement subframes should be subframes #0, #4 and in subframes #9 not containing NSSS in the serving cell. 
For RRC_CONNECTED intra-frequency measurements: 
If the UE is configured by high layers with a NB-IoT carrier not containing NPSS/NSSS/NPBCH the measurement subframes should be the subframes that are part of the NPDCCH UE-specific search space and the subframes used for its NPDSCH transmission. Otherwise, the measurement subframes should be subframes #0, #4 and subframes #9 not containing NSSS and the subframes that are part of the NPDCCH UE-specific search space and the subframes used for its NPDSCH transmission.

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,




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. 

The measurement subframes should be subframes #0, #4 and in subframes #9 not containing NSSS in both of the serving and non-serving cells. 

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

	Applicable for
	         RRC_IDLE intra-frequency, 
         RRC_IDLE inter-frequency



< Unchanged parts are omitted >




