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Introduction
[bookmark: _Ref178064866]The objective of the work item on further enhanced NB-IoT is to introduce further support of enhanced features for NB-IoT, supporting standalone, guard-band, and in-band operation modes. One objective is to study, and if found necessary improve, narrowband measurement accuracy improvements as listed below.

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 RAN1#9bis, the following agreements were made with regards to measurement accuracy improvements and an LS was sent to RAN4 and RAN2. 
“
The eNB signals the number of consecutive NSSS occasions, with possible values of 2, 4, [8], that use different precoders for NSSS transmission, and the UE may 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 signaling does not mandate how, when, and over how many subframes the UE should measure the NSSS, and the measurement accuracy should not assume the UE measures consecutive NSSS occasions.
” . 
Furthermore, RAN1 consults RAN4 about whether the definition of NRSSI needs to be updated in the definition of NRSRQ. 
In RAN4#86bis meeting, RAN4 sent an LS to RAN1 to further consult RAN1 about the NPBCH based measurement as follows [1].  
“
For measurement on serving cell:
From RAN4 perspective, assuming UE can regenerate NB-MIB, NPBCH channel is considered feasible for RRM measurement on serving cell, as long as the spare bits in NB-MIB do not change across NPBCH transmission periods. RAN4 is investigating the feasibility with respective to UE complexity and power consumption.

For measurement on neighbour cell:
RAN4 is studying the feasibility of NPBCH based RRM measurement on neighbour cells.
”. 

Based on the LS reply from RAN4, we further discussion the questions raised by RAN4 regarding the NPBCH based measurement. 
Discussion
NPBCH based measurement
Previous RAN1 discussed the NPBCH based measurement, and the following agreements were made with LS sent to RAN4. 
“
It is feasible from RAN1 point of view to use NPBCH in addition to NRS for RRM measurement, to be confirmed by RAN4
· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
· Ask RAN4 feedback on the combination of NPBCH with NRS
”.
From the previous RAN1 discussion, RAN1 assumed that not all UEs are able to regenerate NPBCH for RRM measurement. However, in the RAN4 LS, it indicates that it is only feasible to use NPBCH for measurement if NPBCH can be regenerated. Therefore, if NPBCH is used, from RAN1 perspective, not all UEs can benefit from this. 
Therefore, it is proposed that 
1. From RAN1 perspective, in Rel-15 do not support the use of NBPCH for RRM measurement.
The MIB-NB currently includes 23 bits and 11 spare bits: 
· MSBs SFN (4 bits)
· LSBs H-SFN (2 bits)
· SIB1-NB repetitions (4 bits)
· MIB value tag (5 bits)
· Access class barring on/off (1 bit)
· Operation mode (7 bits i.e. 2 bits for choice and 5 bits for mode-info)
· Spare bits (11 bits)
MasterInformationBlock-NB ::=	SEQUENCE {
	systemFrameNumber-MSB-r13		BIT STRING (SIZE (4)),
	hyperSFN-LSB-r13				BIT STRING (SIZE (2)),
	schedulingInfoSIB1-r13			INTEGER (0..15),
	systemInfoValueTag-r13			INTEGER (0..31),
	ab-Enabled-r13					BOOLEAN,
	operationModeInfo-r13			CHOICE {
		inband-SamePCI-r13				Inband-SamePCI-NB-r13,
		inband-DifferentPCI-r13			Inband-DifferentPCI-NB-r13,
		guardband-r13					Guardband-NB-r13,
		standalone-r13					Standalone-NB-r13
	},
	spare							BIT STRING (SIZE (11))
}
The filed in MIB that changes are SFN/H-SFN, MIB value tag, and Access Barring. SFN/H-SFN in MIB change frequently in a predictable manner (i.e. when and how is known in advance). However, MIB value tag and access barring enabled can change in an un-predictable manner. Therefore, there is no guarantee that even if NPBCH can be regenerated, it can be used for reliable measurements.  
Spare bits in MIB shall be available for (future) extensions, i.e. the number of spare bits can change. It is not certain how the spare bits are used in the future, therefore it can be very restrictive to restrict that spare bits in NB-MIB do not change across NPBCH transmission periods, e.g., the spare bits can be used for temporally CE based access barring. Furthermore, some concerns should be expressed in the pre-conditions for this method to work:
1.	Dependent on the clock drift the UE may be out of sync, i.e. assume incorrect SFN number
2.	The UE cannot predict when and how many times the MIB value tag has changed over a certain period (i.e. when the UE measures again)
3.	The UE cannot predict when and how many times the Access Class barring tag has changed over a certain period (although the inaccuracy is small, i.e. the value can only be 0 or 1)
4.	The UE cannot assume that SIB1-NB repetitions do not change or additional SIB1-NB repetitions are added (new feature in Rel-15). 
5.	The UE cannot assume that the spare bits do not change 
1. Indicate to RAN4 that the UE cannot assume that the spare bits do not change over NPBCH transmission periods, and that the UE can also not assume that the schedulingInfoSIB1, systemInfoValueTag and ab-Enabled do not change over NPBCH transmission periods.

Enhanced NRSRQ measurements
The opportunity to improve NRSRP by means of measuring on the NSSS should also be exploited to improve the NRSRQ measurements. Currently, we have the following definition for NRSRQ:
[bookmark: _Ref506303302]Table 1 TS 36.214 NRSRQ definition.
	Definition
	Narrowband Reference Signal Received Quality (NRSRQ) is defined as the ratio NRSRP/NRSSI. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed OFDM symbols of measurement subframes, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

NRSSI is measured from all OFDM symbols of measurement subframes. 

The reference point for the NRSRQ shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency, 
RRC_IDLE inter-frequency



In short this means that NRSRQ is defined by NRSRP divided by NRSSI. NRSP is defined as the NRS power on a single resource element while NRSSI is defined as the average power of a full OFDM symbol, measured on average over a full subframe. This gives NRSSI, and NRSRQ, an unfortunate dependency on the load in the own cell. Figure 1 illustrates the NRSRQ relation to SINR under the two extreme situations of a fully loaded system and a system with no load.
[image: ]
[bookmark: _Ref506302838]Figure 1 SINR-NRSRQ relation depicted in a full load, and a no-load scenario.
Ideally, we want NRSRQ to be as closely coupled to the SINR in the system as possible, which implies that NRSRQ measured when the load in the own system is low is optimal. This then implies that a UE should not measure NRSSI on subframes 0, 5 and (every 2nd) that carries NPSS, NSSS or NPBCH since in those subframes 11 out of 14 OFDM symbols are always fully loaded.
1. 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. 
Also notice that the current NRSRQ measurement implies that that the NRSSI should be performed on the same radio resource as the ones used for NRSRP measurements (see underlined sentence in  Table 1). But as just observed, basing the NRSSI measurements on subframes (in your serving cell) that carries NPSS, NSSS or NPBCH will negatively influence the coupling between NRSRQ and SINR. This is not a desired situation, as the UE needs to evaluate NRSRQ before camping on a cell, and potentially also report the NRSRQ to the camped on cell upon access. Therefore, it is proposed that 
1. 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.
On CRS based measurements
In the basic design of NB-IoT Release 13 it was decided to base radio resource management (RRM) measurement on NRS transmissions. In cased of idle mode, this was, in our opinion, an unfortunate decision since the NB-IoT downlink is already carrying a large overhead in terms of NPSS, NSSS and NPBCH transmissions dimensioned to support idle mode operations even in extended coverage. These transmissions were already in Release 13 valuable candidates for supporting RRM. 
Hence, we would not like to introduce new mandatory idle mode measurement signal in the NB-IoT downlink, as this would further increase the requirement on the base station transmitter to be on with negative implications in terms of base station power consumption and downlink interference levels. It is also unwanted to create strong couplings between NB-IoT and LTE as NB-IoT in a few years’ time may be operating within a NR carrier and not within a LTE carrier. 
In case of inband mode with same PCI set in LTE and NB-IoT, there is already a requirement on the base station transmitter to deliver the CRS. In this specific case CRS may be used, if proven beneficial, to measure NRSRP/NRSRQ for connected mode procedures. However, when there are 4 TX antenna ports at the eNB used for LTE, the CRS cannot be used by the NB-IoT UE. Therefore, there are lots of restrictions to use CRS for idle mode RRM measurement. 
1. CRS is not a candidate for improving NB-IoT idle mode RRM measurements.
Conclusions
In this contribution, we have discussed the support for NB-IoT measurement accuracy improvements. We made the following observations and proposals:
1. From RAN1 perspective, in Rel-15 do not support the use of NBPCH for RRM measurement.
1. Indicate to RAN4 that the UE cannot assume that the spare bits do not change over NPBCH transmission periods, and that the UE can also not assume that the schedulingInfoSIB1, systemInfoValueTag and ab-Enabled do not change over NPBCH transmission periods.
1. 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.
1. CRS is not a candidate for improving NB-IoT idle mode RRM measurements.
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