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1. Introduction

A new work item further NB-IoT enhancement was approved in [1~2]. One of the major objective is to improve measurement accuracy:
	A-2. 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 last Hangzhou meeting an LS was sent by RAN1 to RAN4 [3] with the progress for information and the expectation of RAN4 evaluation and input, which is duplicated here:

	1. Overall Description: 
RAN1 discussed narrowband measurement accuracy enhancement and reached the following agreement,
· For connected mode in the serving cell and idle mode in camped cell and neighbour cells, it is feasible from RAN1 point of view to use NSSS on an anchor carrier for RRM measurement

· RAN4 are requested to consider if NSSS is a suitable transmission

· How to use, i.e. if and/or under what circumstances to combine NRS with NSSS depend on RAN4 study

2. Actions

RAN1 respectfully requests RAN4 to provide feedback on if NSSS is a suitable transmission for RRM measurement, and to inform RAN1 if and/or under what circumstances to combine NRS with NSSS.


In this contribution, we provide our view on this topic.
2. Discussion
2.1. NSSS
In the LS RAN1 first requested RAN4 to confirm if NSSS is a suitable transmission for RRM measurement. First we would like to summary the legacy RRM measurement for NB-IoT.
1. NRS RSRP measurement

A NB-IoT UE needs to perform NRS RSRP measurement in both idle and connected modes. In idle mode UE will perform NRS RSRP measurement of camped and neighbour cells for the purpose of cell reselection. In connected mode, although NB-IoT UE doesn’t need to perform neighbour cells measurement for handover, UE also needs to measure serving cell RSRP to estimate the pathloss for uplink power control. Furthermore, in Rel-14 NB-IoT was enhanced to support positioning in idle mode, where NRS RSRP is also utilized for E-CID measurement.
2. NRS RSRQ measurement

Another important measurement is NRS RSRQ. Unlike legacy LTE UE, NB-IoT doesn’t support handover in connected mode. Therefore, NRSRQ measurement is not necessary in connected mode. For UE in idle mode, NRSRQ measurement is necessary for cell reselection. Similar with NRSRP measurement, in Rel-14 NRSRQ measurement was also used for E-CID positioning in idle mode.
In short, UE RRM measurement in idle mode is for the purpose of mobility and positioning. Whilst measurement in connected mode is for uplink power control. Note that idle mode all the UE RRM measurements are performed on anchor carrier. Even in Rel-14 UE can be configured to receive paging and perform random access on a non-anchor carrier, UE still needs to retune to anchor carrier to perform NRSRP and NRSRQ measurement for cell reselection. As for NSSS, it is an always on signal on anchor carrier. This is in line with the agreement that RRM measurement in idle mode shall be performed on anchor carrier.

Observation 1: NSSS based RRM measurement is feasible for UE in idle mode.

As for UE in connected mode, UE can be configured on anchor or non-anchor carrier for business. And UE needs to perform downlink pathloss estimation for the intension of uplink power control. According to TS36.213 the pathloss estimation is based on NRS RSRP measurement. NRS can be transmitted on both anchor and non-anchor carriers. However, NSSS is only transmitted on anchor carrier. Thus once UE is scheduled by network on non-anchor carrier for downlink operation, it cannot perform measurement on anchor carrier, unless specific downlink gap is provided. Note that this downlink specific gap for anchor carrier measurement will degrade the UE throughput in some extent. We would not propose to introduce such gap with the motivation of increasing measurement accuracy for uplink power control, but at the price of throughput degradation.
Observation 2: NSSS is not feasible for RRM measurement for UE configured on non-anchor carrier in connected mode.
Above is our view on the feasibility of NSSS for RRM measurement. Actually in RAN1 LS, RAN4 is required to evaluate whether NSSS is a suitable transmission or not. Therefore in RAN4 we first should carry out simulation to check the measurement accuracy performance before we make our conclusion.
Proposal 1: simulation is needed to evaluate the measurement accuracy of NSSS.

2.2. NSSS + NRS
Another question is whether combination of NRS and NSSS is suitable for RRM measurement or not. Similar with discussion in 2.1, it is only possible for UE in idle mode and UE in connected mode on anchor carrier to perform RRM measurement based on combination of NSSS and NRS, since NSSS only occurs on anchor carrier.

More important thing is that if UE wants to combine the measurement of NSSS and NRS, the transmit power difference between NSSS and NRS should be aware. Thus network assistance is necessary. The situation is more complicated for UE in idle mode. Because UE in idle mode needs to perform measurement not only for serving cell, but also for the detectable neighbour cells. Thus network may need to broadcast the power difference between NSSS and NRS of all the neighbour cells. Otherwise UE will not be able to combine the measurement of NSSS and NRS. The consequence is the load of system information will be increased. 
Observation 3: for UE in idle mode or in connected mode on anchor carrier, it is feasible to combine NSSS and NRS for RRM measurement, provided that the power difference between NSSS and NRS of measured cell is aware.
On the other hand, RAN4 also needs to evaluate the measurement performance of this combination before we conclude it is suitable or not.
Proposal 2: simulation is needed to evaluate the measurement accuracy of combination of NSSS and NRS.
3. Conclusions
In this contribution, we provide our view on the measurement accuracy improvement Rel-15 NB-IoT. After discussion, the following conclusions are made.
Observation 1: NSSS based RRM measurement is feasible for UE in idle mode.
Observation 2: NSSS is not feasible for RRM measurement for UE configured on non-anchor carrier in connected mode.
Proposal 1: simulation is needed to evaluate the measurement accuracy of NSSS.
Observation 3: for UE in idle mode or in connected mode on anchor carrier, it is feasible to combine NSSS and NRS for RRM measurement, provided that the power difference between NSSS and NRS of measured cell is aware.
Proposal 2: simulation is needed to evaluate the measurement accuracy of combination of NSSS and NRS.
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