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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is further latency and power consumption reduction.
Narrowband measurement accuracy improvements [RAN1, RAN4, RAN2]

· Evaluate and if appropriate specify use of additional existing signals than NRS for RRM measurements, with associated RAN4 core requirements taking into account e.g. UE complexity, power consumption, system capacity.

In this contribution, we discuss the issue of narrowband measurement accuracy improvement for NB-IoT.
2 Discussion
In the RAN4 meeting, RAN4 agreed on the measurement period as well as the measurement accuracy for NRSRP for normal coverage. Following agreements were reached:

· +-6dB as final accuracy for NRSRP in normal coverage
· NRSRP measurement accuracy for enhanced coverage is +-10dB (without impairments)
· NRSRQ measurement accuracy for normal coverage is +-5.2 dB
· NRSRQ measurement accuracy for enhanced coverage is +-9.5 dB
In the discussion of RAN#75, the issue of accuracy of RRM measurement was raised that with a RSRP inaccuracy of +/- 10dB and potentially UL power inaccuracy of +/- 16dB, there could be some undesired result. For example, two UE next to each other could result with a 26dB power difference.
Regarding RRM measurement, in previous RAN1 meeting, the following conclusion was reached regarding the presence of NRS

· Presence of NRS

· In cell-specific valid DL PRB pairs, a NB-IoT UE may assume that NB-RS is present 

· In cell-specific invalid DL PRB pairs, a NB-IoT UE shall not expect NB-RS

· In the PRB pair to carry NB-PSS and NB-SSS, a NB-IoT UE shall not expect NB-RS

· For in-band operation, in NB-IoT carrier, a UE without a valid configuration of the cell-specific valid DL subframes may assume NB-RS is transmitted in subframes #0 and #4 and in subframe #9 if it does not contain NB-SSS

· For guard-band and stand-alone operation, in NB-IoT carrier, a UE may assume NB-RS is transmitted in all subframes except for NB-PSS and NB-SSS

For in-band deployment, LTE CRS can be used for an NB-IoT UE for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same. To also use LTE CRS for measurements (e.g. RSRP/RSRQ, CSI), the reference signal power of LTE CRS must be known to the UE. Thus, when the same-PCI indicator is set to true, the eNB can indicate the reference signal power of LTE CRS to the UE. In fact, RAN1 agreed that NB-RS power offset between NB-RS and LTE CRS is indicated in SIB, and if there is no SIB indication, UE may assume the equal power between NB-RS and LTE CRS. 
Based on simulation assumptions of RSRP/RSRQ measurement [2], we have evaluated RSRP/RSRQ measurement for the following two cases (assuming that NB-RS and CRS have the same power): measurement based on NB-RS once every 10 ms over 200 ms in non-DRX status; and reusing the existing E-UTRAN measurement for CRS in non-DRX status which is measured once every 40 ms over 200 ms duration. From simulation results under AWGN channel in Figure 1, it can be observed that RSRP/RSRQ measurement based on NB-RS once every 10 ms has better performance than CRS based RSRP/RSRQ measurement under the same SNR level. From simulation results under EPA1 channel in Figure 2, it can be observed that RSRP/RSRQ measurement based on NB-RS once every 10 ms has a little worse performance than CRS based RSRP/RSRQ measurement under the same SNR level. 
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Figure 1 The performance of NB-RS based RSRP/RSRQ measurement under AWGN channel 

(SNR = -20 dB)
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Figure 2  The performance of NB-RS based RSRP/RSRQ measurement under EPA1 channel 
(SNR = -20 dB)

For NB-IoT, the measurement performance loss due to reduced measurement bandwidth can be compensated by much more available measurement subframes.
Proposal 1:  For in-band mode, RAN4 shall evaluate the improvement using NRS+LTE CRS for narrowband measurement.
For standalone and guard-band operation modes, measurements would be based on NS. However, NPSS/NSSS may also be used by the UE for demodulation and/or measurements. RAN4 shall studying RRM measurement performance using NS + NSSS. It is expected that using NSSS together with NRS may improve performance. However, it remains to be seen how significant performance improvement and the evaluation works should be left to RAN4. 

Proposal 2:  Additionally, RAN4 shall study RRM measurement performance using NS + NSSS.
3 Conclusions
In this contribution, we have discussed the issue of improving narrowband measurement  for NB-IoT. We make the following proposals:
Proposal 1:  For in-band mode, RAN4 shall evaluate the improvement using NRS+LTE CRS for narrowband measurement.
 Proposal 2:  Additionally, RAN4 shall study RRM measurement performance using NRS + NSSS.
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