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1 Introduction

This contribution discusses issues related to measurement for NB-IoT. 
2 NB-RS assumption
As agreed, RSRP is at least necessary for NB-IoT device measurement to select NB-PRACH resource set. It is natural to utilize NB-RS for RSRP measurement. In terms of NB-RS assumption from a UE perspective, it should be present even for IDLE mode UEs. Thus, NB-RS should be transmitted in every subframe which is valid from NB-IoT UE perspective. Particularly in inband operation, this, however, may increase the overhead of transmitting NB-RS in every valid subframe regardless of the density of NB-IoT UEs. One approach to address potential inefficiency is to assume that subframes where NB-PBCH is carried also carry NB-RS (i.e. 1 subframe in every radio frame). Additionally, it may be assumed that subframe #4 would carry also NB-RS (assuming subframe #4 is used to transmit NB-SIB1) regardless of operation mode for the anchor PRB or NB-IoT carrier where synchronization signals have been received. For the measurement, at least subframe #0 and #4 are assumed to transmit NB-RS in the anchor NB-IoT carrier. The similar principle can be applicable to paging and other SIB transmissions. In other words, NB-IoT UEs including IDLE UEs can assume that subframes carrying NB-PBCH, NB-SIBs and paging also carry NB-RS for the anchor PRB. 

When a UE is configured to a different PRB, the UE can assume that NB-RS will be transmitted in every subframe which is configured for NB-PDCCH monitoring and/or PDSCH reception for either anchor PRB or different PRB. For different PRB from the anchor PRB, it may be assumed that subframe #0 and #4 carry NB-RS regardless of whether the subframes are configured for NB-PDCCH monitoring and/or PDSCH reception. Otherwise, depending on configuration of NB-PDCCH starting subframe set, the frequency of NB-RS transmission for RSRP measurement can be too low. 
UEs may not assume that NB-RS will be transmitted in a subframe which is not configured as a valid subframe if valid subframe is configured.  

In summary, it is proposed that at least subframe #0 and #4 in each NB-IoT carrier (regardless of the anchor or not) carry NB-RS. In other subframes, NB-RS is assumed to be present if any transmission is potentially expected unless the subframe is configured as invalid subframe. 

Proposal 1: Subframe #0 and #4 at least transmit NB-RS. A NB-IoT UE may not expect NB-RS in subframes configured as invalid subframes. 
When a UE is configured with different PRB from the anchor PRB or NB-IoT carrier where synchronization signal has been received, it is necessary to configure “power offset” of NB-RS transmission compared to NB-RS transmission in the anchor NB-IoT carrier. 

This is necessary as the UE may determine NB-PRACH resource based on threshold configured based on NB-RS power in the anchor NB-IoT carrier. Thus, the power offset needs to be applied for RSRP measurement/threshold for NB-PRACH resource set determination if a UE is configured with different NB-IoT carrier and performs RSRP measurement in the different PRB from the anchor PRB. 

Proposal 2: Power offset between the anchor PRB and a different PRB configured to a UE is indicated to the UE. 

3 RRM measurement report
In case aperiodic CSI report is not supported, means to indicate the change of coverage level or RSRP seems necessary, at least for UEs with good coverages and/or have relatively high data rate. If RRM measurement report is not supported, one approach is to trigger RACH procedure when RSRP or coverage level changes. However, as discussed in our companion contribution [2], the reporting of RSRP can be considered which can be triggered aperiodically
4 RLM measurement 

Radio link monitoring based on NB-PDCCH may be necessary. If RLM is supported, it is necessary to determine whether repetition of NB-PDCCH is considered, and if so, which repetition level is used. In our view, to get meaningful measurement, RLM measurement needs to be performed over the repetition, and it should be based on the maximum repetition number of NB-PDCCH configured to the UE. When RLF occurs, a UE can inform the higher layer. 

Proposal 3: RLM measurement, if supported, considers repetition of NB-PDCCH. 

5 Conclusion 

In this contribution, we propose the followings. 
Proposal 1: Subframe #0 and #4 at least transmit NB-RS. A NB-IoT UE may not expect NB-RS in subframes configured as invalid subframes. 
Proposal 2: Power offset between the anchor PRB and a different PRB configured to a UE is indicated to the UE. 

Proposal 3: RLM measurement, if supported, considers repetition of NB-PDCCH. 
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