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1. Introduction

In previous meeting, RAN4 has widely discussion on RRM measurement for NB-IoT. In last RAN4 #78 meeting, a WF [1] was agreed, in which: 
· RAN4 is to study RRM measurement performance using following options:
· Option 1: Measurement based on NB-RS signals
· To be used as simulation baseline only. 
· Option 2: Measurement based on synchronization signals (e.g. NB-SSS) 
· provided that NB-SSS are available for measurement 
· Option 3: Measurement based on combination of NB-RS and NB-SSS.
· provided that NB-SSS are available for measurement
· Other options are not precluded 
In this contribution, we will provide analysis based on the above options and lasted RAN1 agreement associated with RRM measurement.
2. Discussion
2.1. Measurement in RRC_CONNECTED state
When discussing RRM measurement, it should be noted that in legacy LTE we have measurement for both RRC_IDLE and RRC_CONNECTED states. And by release-13, there are several measurement quantities, such as: RSRP, RSRQ, RSSI, RS-SINR, etc. The definition of these measurement quantities can be found in TS36.214. As for NB-IoT, RRM measurement is also essential for mobility. Even though it has been agreed in RAN2 that handover is not supported for release 13 NB-IoT, we still need mobility in RRC_IDLE state, e.g., cell selection/reselection, which should be performed based RRM measurement.

Actually, although the measurement report is not supported in RRC_CONNECTED, it doesn’t mean the UE should not perform measurement in RRC_CONNECTED state. A typical use case of this measurement is about the uplink power control. From specification TS36.213 section 5.1 one can see that if the UE transmits PUSCH without a simultaneous PUCCH for the serving cell 
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, then the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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Where 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 in dB and 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in TS36.214 for the reference serving cell and the higher layer filter configuration is defined in TS36.331 for the reference serving cell.
Note that uplink power control is an essential UE behaviour and 
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 is the most important part in the formula, which is determined by higher layer filtered RSRP. The similar formula can be found for PUCCH and SRS power control, which is also RSRP measurement dependent. If a UE can’t achieve accurate measurement of RSRP, then the UE might not achieve accurate uplink power control, which will result in decline of throughput and lead to poor user experience. This is something serious and should be avoided. 

From [2] it can be found that for NB-IoT, it has been agreed that:

Agreements:
· For NB-PUSCH data transmission, the uplink power setting re-use section 5.1.1.1 of 36.213, that is for serving cell c and subframe i ( for 15 kHz subcarrier spacing) or NB-Slot i (for 3.75 kHz subcarrier spacing)
· PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c+ αc(j) PLc+fc(i)}
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 is reused. Thus the RSRP measurement in RRC_CONNECTED state is also essential for NB-IoT. So we can have following observation:
Observation 1: RSRP measurement in RRC_CONNECTED is needed.

Considering that it has been agreed not to introduce measurement report and handover in Rel-13 for NB-IoT, it might be challenging to verify the measurement requirement in RRC_CONNECTED. So it is wise to define such requirement but don’t introduce any test cases. We can leave it to UE implementation. 
Proposal 1: RAN4 is to define RSRP measurement requirement in RRC_CONNECTED state for Rel-13 NB-IoT. 
Proposal 2: RAN4 is not to develop corresponding test case for RSRP measurement requirement in RRC_CONNECTED state.

2.2. Measurement quantity
It has been proposed by some companies that NB-SSS can be considered for RRM measurement according to [1]: 

· RAN4 is to study RRM measurement performance using following options:
· Option 1: Measurement based on NB-RS signals
· To be used as simulation baseline only. 
· Option 2: Measurement based on synchronization signals (e.g. NB-SSS) 
· provided that NB-SSS are available for measurement 
· Option 3: Measurement based on combination of NB-RS and NB-SSS.
· provided that NB-SSS are available for measurement
· Other options are not precluded 
· Measurement in RRC_CONNECTED state

In last RAN1 Malta meeting, an LS [3] to RAN4 on multiple NB-Iot carriers operation for NB-IoT was agreed. The main content is as follow:

Agreement:

For the in-band, guard-band and standalone deployments

· 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
From above agreement one can see that UE in RRC_CONNECTED state might be configured to a PRB different than the NB-IoT carrier on which the UE has received NB-PSS/SSS. Considering that the bandwidth is only one PRB in frequency domain, the UE working on the anchor PRB is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB. Therefore, the option 2 and 3 in last agreement on RRM measurement will not work under this scenario.

Observation 2: NB-SSS are not available for measurement for the UE working at a carrier different than the carrier on which UE has received NB-SSS.
In order not to increase UE complexity, we propose to use NB-RS for RRC_CONNECTED measurement when discussing the measurement requirement.
Proposal 3: RRM measurement requirement in RRC_CONNECTED state should be developed based on NB-RS. 
Note that this proposal doesn't prevent UE from using other signals for measurement.
· Measurement in RRC_IDLE state

Different from in RRC_CONNECTED state, UE in RRC_IDLE state always camps on the carrier where it can receive NB-SSS. Thus the NB-SSS is available for measurement for UE. For option 3, it is straightforward that additional utilization of NB-SSS for measurement can improve the measurement performance. However, the improvement doesn’t come for free. Firstly, UE has to wake up and perform NB-SSS measurement when the NB-SSS occasion is coming. This might burn more power compared with NB-RS based measurement. Secondly, as mentioned in proposal 3 that UE in RRC_CONNECTED state should perform measurement based on NB-RS. Meanwhile, if the is forced to use NB-SSS (or other DL signal) for measurement in RRC_IDLE state, then the UE complexity will be increased significantly. Considering the use case of NB-IoT UE, the UE chip-set is expected to be very cheap. Therefore it is unwise to use different signals for measurement in RRC_IDLE and RRC_CONNECTED states. For option 2, the UE complexity is also increase given that UE can only use NB-RS for measurement in RRC_CONNECTED. So we can have following observation:
Observation 3: for UE in RRC_IDLE state, NB-SSS can be used for measurement combined with NB-RS. But the complexity will be increased.

Proposal 4: RRM measurement requirement in RRC_IDLE state should be developed based on only NB-RS, provided the measurement performance of NB-RS is sufficient.
2.3. Utilization of LTE CRS
In last RAN1 NB-IoT adhoc #2 meeting in March, the working assumption on usage of LTE CRS was confirmed:
· 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

And there was agreement on the same-PCI indicator and the power allocation associated with LTE-CRS and NB-RS. It means that for in band deployment LTE CRS is available for measurement if the same-PCI indicator is set to TURE. 

1) In RRC_IDLE state

From TS36.133 section 4.2.2.3 it can be found that the UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,EUTRAN_Intra when that Treselection= 0. Note within Tdetect,EUTRAN_Intra  UE is only required to evaluate the target cell with R criteria. Only synchronization signal detection and reference signal measurement are involved in this period. In RAN1 #84 meeting, it was agreed that the deployment mode is indicated by NB-MIB and the same-PCI indicator was suggested in SIB1. However, UE has to read the system information only after the neighbor cell has been evaluated and the cell reselection criteria are fulfilled. According to this, UE can find out whether this is a in-band deployment and whether the LTE-CRS can be used for measurement only after Tdetect,EUTRAN_Intra. NB-RS is not available for measurement for cell selection/reselection.

Observation 4: LTE CRS is not available for measurement in cell selection/reselection procedure.

Therefore, UE can only use NB-RS for RRC_IDLE state measurement.
2) In RRC_CONNECTED state

LTE CRS can be used for measurement in RRC_CONNECTED state if the same-PCI is set to TRUE. Considering that there would not be LTE CRS available all the time (e.g., same-PCI is set to FALSE), it is better to define the requirement based on the worst case, i.e., measurement based on NB-RS only. This is beneficial to limit the UE complexity, i.e. only one measurement algorithm is needed for both RRC_IDLE and RRC_CONNECTED state. So we have the following proposal:

Proposal 5: utilization of LTE CRS is not considered when developing RRM measurement requirement for NB-IoT.

It should be noted that this proposal doesn’t prevent UE from using LTE CRS for measurement.
3. Conclusions

In this contribution, we provide detail discussion on NB-IoT RRM measurement. Based on the analysis, the following conclusions are made:
Observation 1: RSRP measurement in RRC_CONNECTED is needed.

Proposal 1: RAN4 is to define RSRP measurement requirement in RRC_CONNECTED state for Rel-13 NB-IoT. 
Proposal 2: RAN4 is not to develop corresponding test case for RSRP measurement requirement in RRC_CONNECTED state.

Observation 2: NB-SSS are not available for measurement for the UE working at a carrier different than the carrier on which UE has received NB-SSS.
Proposal 3: RRM measurement requirement in RRC_CONNECTED state should be developed based on only NB-RS. 

Observation 3: for UE in RRC_IDLE state, NB-SSS can be used for measurement combined with NB-RS. But the complexity will be increased.

Proposal 4: RRM measurement requirement in RRC_IDLE state should be developed based on only NB-RS, provided the measurement performance of NB-RS is sufficient.
Observation 4: LTE CRS is not available for measurement in cell selection/reselection procedure.

Proposal 5: utilization of LTE CRS is not considered when developing RRM measurement requirement for NB-IoT.
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