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Discussion and Decision
1
Introduction
In this contribution, we consider physical layer measurements for NB-IoT.
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Physical Layer Measurements
In RAN2#93, it was agreed that –
· NB-IoT supports RSRP. 

· It is FFS if NB-IoT supports RSRQ measurements.

In RAN1#84, it was agreed as a working assumption that –

· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2. 

This can be supported via the same-PCI indicator in the NB-MIB. When the same-PCI indicator is set to true, the UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS, the UE may also assume that the channel can be inferred from both NB-RS and LTE CRS (i.e. LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1), and LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available. In [1], it was shown that demodulation performance using NB-RS + LTE CRS can be improved by approximately 0.5-1.0 dB gain. A similar gain may also be possible for RSRP measurements. Therefore, it is proposed to confirm the working assumption. Note that whether the UE also uses LTE CRS for demodulation and/or measurements is up to UE implementation.
Proposal 1: Confirm the working assumption that LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
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. This can be in NB-SIB1 as the parameter is not needed for NB-SIB1 demodulation. It is also possible to signal the EPRE power difference between NB-RS and LTE CRS. This will reduce the overhead as the range would be more limited than the full range of the reference signal power. However, this saving is small. To provide full power settting flexibility, it is therefore proposed to indicate the reference signal power value. 
Proposal 2: When the same-PCI indicator is set to true, the eNB can indicate the reference signal power of LTE CRS to the UE in NB-SIB1.
For standalone and guard-band operation modes, only NB-RS is present. Measurements would then be based on NB-RS. NB-PSS/NB-SSS may also be used by the UE for demodulation and/or measurements. RAN4 is studying RRM measurement performance using NB-RS only, NB-SSS only, or NB-RS + NB-SSS [2]. Using NB-SSS together with NB-RS may improve performance. However, this should be evaluated by RAN4 to see if using NB-SSS provides any significant performance improvement. 
Proposal 3: Whether measurement accuracy requirements and performance requirements are based on NB-RS, NB-SSS or NB-RS+NB-SSS should be evaluated by RAN4.
Based on this discussion we therefore propose that RAN4 should evaluate whether the measurement accuracy requirements and DL demodulation performance requirements should be based on NB-RS only or whether use of additional signals provides significant gain.

3
Conclusion
In this contribution, we consider physical layer measurements for NB-IoT and make the following proposals –

Proposal 1: Confirm the working assumption that LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
Proposal 2: When the same-PCI indicator is set to true, the eNB can indicate the reference signal power of LTE CRS to the UE in NB-SIB1.

Proposal 3: Whether measurement accuracy requirements and performance requirements are based on NB-RS, NB-SSS or NB-RS+NB-SSS should be evaluated by RAN4.
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