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In this meeting in total 4 documents are submitted to this agenda item. A list of contributions can be found in the Reference section.  This documents summaries the views from different sourcing companies and their proposals regarding the narrowband measurement accuracy improvements. 

Summary
A list of contributions as well as their observations and proposals are summarized as follows. 
	R1-1803875 Remaining details of NB-IoT measurements improvement	Huawei, HiSilicon
· Observation 1: NRSRP measurement accuracy based on CRS+NRS can be worse than that based on only NRS in low MCL due to low CRS received power.
· Proposal 1: CRS for in-band operation mode is not suitable for measurement enhancement.
· Proposal 2: When NSSS is used for NRSRP measurement, NRSSI and NRSRQ are defined on NSSS subframes.

R1-1804160 Narrowband measurement accuracy improvements for NB-IoT	Ericsson
· Proposal 1: Inform RAN4 that from RAN1 perspective, it is feasible to provide UE information of how to conduct the measurement when NSSS is configured to be used for RRM measurements, e.g., conveyed the information to the UE via RRC signaling.
· Proposal 2: When NSSS is configured and used for the NRSRP measurements in a cell intended for camping, the NRSSI measurement needed to calculate NRSRQ should not be made on subframes containing NSSS, NPSS, and NPBCH transmitted from the evaluate cell.
· Proposal 3: CRS is not a candidate for improving NB-IoT idle mode RRM measurements.
· Observation 1: To limit the transmit diversity possibilities of NSSS may result in negative impacts on existing and future NB-IoT deployments. 
· Observation 2: A UE should refrain from measuring NRSSI on subframes 0, 5 and (every 2nd) that carries NPSS, NSSS or NPBCH to optimize the coupling between SINR to NRSRQ.

R1-1804264 Measurement accuracy improvement in NB-IoT	Nokia, Nokia Shanghai Bell

· Proposal 1: CRS can be used as additional signal for measurements. 
· Proposal 2: Introduce signalling to support measurements using NRS and CRS for serving cell and neighbouring cells.

R1-1804926 Improvement of PHY measurements	Qualcomm Incorporated

· Observation 1. Pessimistic RSRP measurement from destructive combining of NSSS transmitted from different transmit antenna observed in AWGN channel may easily be averaged out in any practical channel condition via L1 filtering and time-varying fading.
· Observation 2. UE would not experience the pessimistic RSRP measurement from NSSS subframe at all even in a static channel when eNB chooses a transmit antenna selection as NSSS transmit diversity scheme, {[1 0], [0 1]}. 
· Observation 3. Without further specifying the actual NSSS transmit diversity scheme, defining a deterministic NSSS transmit diversity pattern and informing such pattern to UE cannot resolve the RSRP variation from NSSS transmit diversity unless UE is required to perform a more complicated/power-inefficient operation to measure multiple consecutive NSSS subframes at every measurement occasion to average out the effect of the NSSS beamforming.
· Observation 4. Transmit antenna selection as NSSS transmit diversity scheme can eliminate the concerns for the possible pessimistic RSRP measurement without requiring complicated and power inefficient UE measurement operation while achieving the same diversity gain as other beamforming scheme.
· Proposal 1. RAN1 to choose NSSS transmission scheme between option 1 and option 2 as a working assumption for NSSS-based RRM measurement and inform RAN4 accordingly.
Option 1
eNB only uses transmit antenna selection for the NSSS transmit diversity when NSSS is allowed to be used for RRM measurement.
NSSS may be transmitted using k-th transmit antenna at every k-th NSSS subframe.
Option 2
No additional requirement on NSSS transmit diversity imposed to eNB
Accuracy requirement and test for NSSS-based RRM measurement is defined under the condition that NSSS is always transmitted from single antenna port without any beamforming.
· Proposal 2. It should be up to UE implementation which NSSS subframes to measure for its RRM measurement and UE should not be required to measure more than one consecutive NSSS subframes at any measurement occasion.




In RAN1#92, the following agreements were made
“
•  The combination of NRS with NSSS for RRM measurement accuracy improvement is not considered further in RAN1.
•  NPDCCH, NPDSCH are not considered as candidates in addition to NSSS, nor in combination with NSSS, to improve the measurement accuracy for serving cell and neighboring cells.
· FFS changes to the NRSSI definitions based on RAN1/4 agreements.
 “. 

Way forwards
Regarding whether to signal the antenna configurations to the UE for NSSS, there are proposals from two sourcing companies [2][4]. In [2], it is claimed that signalling the antenna configurations can help the UE to average the fading and achieve the desired measurement accuracy. This also guarantees that there is no impacts on the current deployed network. But in [4], it has a different opinion, as it claimed that without the signalling of the antenna configurations the UE can still achieve good measurement accuracy, if eNB only uses transmit antenna selection or NSSS is always transmitted from single antenna port without any beamforming. No other sourcing companies have proposals on this topic. 
Proposal 1. [bookmark: _GoBack]The eNB signals the number of consecutive NSSS occasions that use different orthogonal precoders for NSSS transmission, and the UE could take such information into account when using NSSS for measurement. If eNB does not signal this, the UE makes no assumptions of the antenna port(s), i.e., “the UE shall not assume that the transmissions of the narrowband secondary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary synchronization signal in any other subframe”. The signalling does not mandate how and when the UE should measure the NSSS, and the measurement accuracy should not assume the UE measures consecutive NSSS occasions. LS RAN4 about the agreements. 

Although in [1] it is agreed the observation in [2], due to power consumption concerns, in [1], it proposed to use NSSS subframes for the measurement of NRSSI in the calculation of NRSRQ. Therefore it is proposed that 
Proposal 2. LS RAN4 (CC RAN2) of whether the update of NRSSI measurement in NRSRQ is needed when NSSS is used for NRSRQ measurements. 
From the submitted contributions, two sourcing companies are not in favour of the using CRS for improving measurement accuracy, and one company is supporting the using CRS for improving measurement accuracy. There is no consensus yet in RAN1 of whether CRS can be used for improving the measurement accuracy. 
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