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At RAN1#84 meeting, some agreements are reached on NPDSCH for multi-carrier NB-IoT deployment: [1]
· Multiple NB-IoT carriers
· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB
There are also some agreements on NB-IoT downlink reference signal [1]:
· When the same-PCI indicator is set to true
· The UE may assume that cell ID is identical for NB-IoT and LTE,  
· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS
· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS
· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1
· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available
· When the same-PCI indicator is set to false
· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching
This document proposes physical layer measurement design according to the above agreements.
Measurement
Measurement in idle mode
In LTE, the measurement is based on cell-specific reference signal. However, with bandwidth of only 1 PRB for NB-IoT UE, the number of REs carrying NB-RS may not be sufficient to perform measurement, especially for UEs with extended coverage. One option to increase accuracy is to use synchronization signals (NB-PSS, NB-SSS) for measurement. Since NB-PSS between different cells are the same, the measurement based on NB-PSS cannot be differentiated between different cells. Therefore, measurement based on NB-SSS can be considered for NB-IoT. In cell search process, UE could perform measurement after synchronized to network with received NB-SSS signals, which is stored in memory. If the NB-SSS is sufficient, NB-RS may not be needed for measurement. LTE CRS is not suitable for measurement, since the availability of LTE CRS relies on network deployment and configuration, specifically it can be used only when same-PCI indicator is set to true in in-band operations.
[bookmark: _Ref129681832]Proposal 1: Only NB-SSS is used for measurement in idle mode.
Measurement in connected mode
Although it is preferable to use the same signal for measurement in both idle mode and connected mode, NB-SSS is not suitable connected mode. This is because UE may be configured to an additional PRB that does not transmit NB-SSS. And retuning back to PRB with synchronization signal would impose more requirements on UE, such as retuning time, complexity etc. As a result, measurement in connected mode has to be based on NB-RS. As the same reason for measurement in idle mode, LTE CRS is not suitable in connected mode.
Proposal 2: Only NB-RS is used for measurement in connected mode.
Definition of NB-RSRP and NB-RSRQ
Based on the discussion of signals used for measurement, NB-RSRP can be defined as the linear average over the power contributions of the REs carrying NB-SSS for idle mode measurement, and the REs carrying NB-RS for connected mode measurement.
Proposal 3: NB-RSRP is defined as the linear average over the power contributions of
	-	The REs that carry NB-SSS, for RRC_IDLE intra-frequency measurements;
	-	The REs that carry NB-RS, for RRC_CONNECTED intra-frequency measurements.
The methodology of defining LTE RSRQ can be re-used for NB-IoT. As NB-IoT could only receive one RB, the NB-RSRQ can be defined as the ratio NB-RSRP/(NB-IoT carrier RSSI).  RSSI is the linear average of total received power observed in certain OFDM symbols of measurement subframes. To increase the measurement accuracy, then NB-RSSI can be measured from all OFDM symbols of the DL part of measurement subframes. 
Proposal 4: Re-use the methodology of defining RSRQ in section 5.1.3 of 36.214:
	-	NB-RSRQ is defined as the ratio NB-RSRP/(NB-IoT carrier RSSI).
	-	NB-RSSI is the linear average of the total received power observed by UE in all OFDM symbols of measurement subframes.
Radio Link Monitoring
In previous meetings, RAN2 has agreed that [3]
-	Radio link monitoring and the associated radio link failure criterion shall be supported by NB-IOT UEs, assuming RAN1 provides the means of measuring the DL quality.
As the same reason of measurement in connected mode, the synchronization signals and LTE CRS are not suitable for radio link monitoring, as this is performed in connected mode. Therefore, only NB-RS can be used for radio link monitoring.
Proposal 5: Only NB-RS is used for radio link monitoring.
Conclusions
In this contribution, design considerations for NB-PUSCH are described with following proposals:
Proposal 1: Only NB-SSS is used for measurement in idle mode.
Proposal 2: Only NB-RS is used for measurement in connected mode.
Proposal 3: NB-RSRP is defined as the linear average over the power contributions of
	-	The REs that carry NB-SSS, for RRC_IDLE intra-frequency measurements;
	-	The REs that carry NB-RS, for RRC_CONNECTED intra-frequency measurements.
Proposal 4: Re-use the methodology of defining RSRQ in section 5.1.3 of 36.214:
	-	NB-RSRQ is defined as the ratio NB-RSRP/(NB-IoT carrier RSSI).
	-	NB-RSSI is the linear average of the total received power observed by UE in all OFDM symbols of measurement subframes.
Proposal 5: Only NB-RS is used for radio link monitoring.
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