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1 Introduction
In RAN 1 #91 meeting, some operator indicated some problems observed in field trial [1]. The paper pointed out that, because of the interference of uplink and downlink is quite different for different UEs, it is hard for eNB to learn about DL channel status based on the coverage level and received power of NPRACH. Even with 2 bit PHR in Msg 3, it is hard for eNB to obtain the interference level of downlink. 
In this contribution, we discuss on the measurement report for NB-IoT.
2 Discussion
The definition of NRSRP is the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. NRSRP cannot provide information of interference. Therefore, it is not sufficient for eNB to learn the interference level of the UE. On the other hand, there are only up to three coverage levels, it is too rough. 

NRSRQ is defined as the ratio NRSRP/(NRSSI), where 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. In addition, NRSSI is measured from all OFDM symbols of measurement subframes.
However, since NRSRP is based on the RE for NRS and NRSSI is based on all the RE on the observed symbols, therefore, NRSRQ value will be also impacted on if the other REs are transmitting DL channel.  Based on NRSRP, it is not that easy for eNB to understand the interference level of the UE. 
RS-SINR was introduced in LTE, which is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth. RS-SINR is very straight forward for eNB to understand the interference level of a UE. However, NB-IoT UE doesn’t support NRS-SINR measurement. For Rel-14, it might be hard to adopt this feature. 

Observation #1: It is not enough to report NRSRQ for eNB to learn about the interference of DL.  
Observation #2: NRS-SINR is more helpful, but may require extra effort for UE to provide the measurement. 
For the radio link monitoring, the threshold Qin_NB-IoT /Qout_NB-IoT are defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 2%/10% block error rate of a hypothetical NPDCCH transmission with given transmission parameters. UE is expected to have the ability to derive the required NPDCCH repetition level for a given BLER. On the other hand, compared with RS-SINR, this may also provide the information of UE decoding ability. It is more useful for eNB to find proper UE-specific parameters. However, since this measurement shall represent semi-static channel status, L3 filter can be configured to UE for the measurement. Although it looks like CQI, however, this repetition level can be derived based on more long turn channel status than overcome the fading channel.

On the other hand, 2 bits shall be enough for UE to report repetition level of NPDCCH. Compared with the report of NRSRQ which may need up to 7 bits, it has much less overhead. 

Observation #3: UE is expected to have the ability to report a repetition level of NPDCCH for a given BLER.

Proposal #1: Introduce a new measurement N_rep_NPDCCH in Rel-14, defined as the minimum NPDCCH repetitions required for UE to achieve 1% BLER of NPDCCH format N1 with a configured L3 filter.
It is more benefit to report the measurement as early as possible. Considering the CP solution and traffic type, Msg 3 can be used for the new measurement report. eNB can choose a proper configuration and configure to UE as early as in Msg 4, if the measurement is reported in Msg 3. There are two reserved bits in MAC CE in Msg 3, which is too expensive, especially considering the potential enhancement of PHR report. There are several reserved bits in RRC message in Msg 3. The new measurement can be reported in RRC message. 2 bits can be used to indicate the required NPDCCH repetition levels.  
Proposal #2: 2 bits in RRC message in Msg 3 to report N_rep_NPDCCH. 

Proposal #3: This report can be enabled by eNB in SIB. 
3 Conclusion 
In this contribution, we discussed on the measurement report for NB-IoT. We made the following observations: 
Observation #1: It is not enough to report NRSRQ for eNB to learn about the interference of DL.  
Observation #2: NRS-SINR is more helpful, but may require extra effort for UE to provide the measurement.
Observation #3: UE is expected to have the ability to report a repetition level of NPDCCH for a given BLER.

Based on the discussion and evaluation, we made following proposals:
Proposal #1: Introduce a new measurement N_rep_NPDCCH in Rel-14, defined as the minimum NPDCCH repetitions required for UE to achieve 1% BLER of NPDCCH format N1 with a configured L3 filter.
Proposal #2: 2 bits in RRC message in Msg 3 to report N_rep_NPDCCH. 

Proposal #3: This report can be enabled by eNB in SIB. 
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