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1 Introduction
One of the REL-15 NB-IoT objectives is to improve the measurement accuracy [1]:

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.

RAN1 and RAN4 agreed on NSSS based measurements [2], but also started to evaluate the feasibility of NPBCH based measurements [3]. For the NPBCH based measurements RAN4 has a question about the spare bits in MIB, which will also be discussed further in this contribution [3].
In this contribution the NSSS and NPBCH based measurements are discussed further. 
2 Discussion
2.1 NSSS based measurements

RAN1 and RAN4 status

The RAN1 and RAN4 agreements are listed in the Appendix. RAN1 agreed that it is feasible to use NSSS in idle and connected mode to improve the measurement accuracy. No agreements were reached on the measurement accuracy enhancements in connected mode. RAN1 send two LS’s to RAN4 [4], [5] concerning the RAN1 working assumptions, pending confirmation from RAN4. RAN4 agreed on the simulation assumptions to evaluate the measurement accuracy improvements in RAN4#84 meeting [6]. RAN4 evaluated the feasibility of NSSS and recommended not to combine NRS with NSSS measurements, and indicated in an LS to RAN1 [7]:
· RAN4 confirms that it is feasible to use NSSS on an anchor carrier for RRM measurement, under the working assumption that the ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB. To estimate downlink path loss based on NSSS for uplink power control, UE needs to be informed with the Tx power of NSSS.

· Considering the signaling overhead and limited gain in measurement accuracy, it is not encouraged to use combination of NSSS and NRS for RRM measurement for mobility purpose.

RAN4 also indicated to study the impact of Tx diversity in the eNB [7]:

· RAN4 identified that the antenna port(s) used for the measurement may vary arbitrarily across subframes and across cells in NSSS, and is still studying the potential impact of such variation. Solutions that might have RAN1 impact are not excluded from further study.

RAN1 also discussed the Tx diversity and send the following RAN1 agreements in an LS to RAN4 [2]: 
· 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 signalling 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.

RAN4 agreed that requirements for the NSSS-based measurements are defined without Tx diversity: 
· Accuracy requirement and test cases for NSSS-based RRM measurements are defined under the condition that NSSS is transmitted from single Tx antenna port
Power imbalance between serving and neighbour cells
RAN1 assumes that for the measurement accuracy improvements in idle mode the UE needs to know the power imbalance of the NRS and NSSS i.e. NRS/NSSS EPRE
 ratio in dB. RAN4 confirmed the RAN1 working assumption to support a value range of {-3, 0, 3, spare} dB [7].

In our view there is no strong need to support different offsets on the same NB-IoT carrier, i.e. the same NRS and NSSS power can be assumed on the same NB-IoT carrier. Potentially different offsets are used on different NB-IoT carriers: 

Working assumption 1: The NRS/NSSS EPRE offset can be signaled per NB-IoT carrier with range of {-3, 0, 3} dB.

Tx diversity and pre-coders
Transmit diversity can be used in the eNB to improve the coverage of the NSSS signal. RAN4 agreed that the NSSS-based measurement requirements will be defined assuming there is no Tx diversity. But to assist the NSSS-based measurements the UE should know the number of precoders in sequential use when transmitting NSSS, i.e. precoder sequence length: 
Working assumption 2: The signal precoder sequence length can be signaled per NB-IoT carrier with range of {1, 2, 4, 8}.
RAN4 also indicated that when the NSSS measurement configuration information is not present the UE cannot use the NSSS-based measurements on that carrier:
Working assumption 3: Clarify that the UE shall not use NSSS-based measurements on a carrier when NSSS measurement configuration information is omitted in system information on that carrier.
UE capability
The measurement accuracy, especially in coverage enhancements, is a critical enhancement in NB-IoT. The existing measurement accuracy is only 6 dB in normal coverage and 10.3 dB in enhanced coverage, which can negatively influence the decisions made based on RSRP measurements, e.g. cell suitability, cell ranking, repetitions during paging monitoring, and number of repetitions used during access.  In case the RSRP level is over-estimated this can lead to excessive power consumption. When the RSRP level is under-estimated this can lead to communication failure (i.e. the NW is likely to take the measurement inaccuracy into account in the eNB configuration parameters and be conservative). It is proposed that a NB-IoT UE in REL-15 supports the NSSS-based idle mode measurement enhancements: 
Working assumption 4: A NB-IoT UE in REL-15 shall support the NSSS measurement enhancements.

RAN4 is assumed to discuss the details of NSSS-based measurement further [9], and conclude on the required signalling in RAN4#87 [10]. CR’s to 36.306 and 36.331 are provided for discussion and agreement [11, 12]. 
2.2 NPBCH based measurements

Measurement method
The UE would read the MIB-NB of the cell, and create a replica of the PBCH signal that carried this MIB-NB, i.e. create a reference signal that the UE can measure on in the future. The ability of recreating this PBCH reference signal correctly in the future, depends on the assumption that certain parts in the MIB-NB change in a predictable way (when and/or how) and certain parts do not change at all (e.g. spare bits). 
Static spare bits

RAN1 and RAN4 have discussed the feasibility of NPBCH based measurement enhancements [13, 14]. For the feasibility of the NPBCH measurements RAN4 asks RAN2 whether the spare bits in MIB can be kept static across NPBCH transmission periods [3]:
RAN4 studied the feasibility of NPBCH and combination of NPBCH with NRS for RRM measurement and reached the following agreements:
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.
3. Actions:

RAN4 respectfully asks RAN1 and RAN2 to take the above agreements into consideration in future design and check if it is possible to keep the spare bits static across NPBCH transmission periods.

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 following observations can be made:
Observation 1: SFN/H-SFN in MIB change frequently in a predictable manner (i.e. when and how is known in advance).
Observation 2: MIB value tag changes infrequently in a un-predictable manner (i.e. when is not known, but how is known).
Observation 3: Access Barring enabled can change frequently in an un-predictable manner (i.e. when is not known, but how is known).
Observation 4: Spare bits in MIB shall be available for (future) extensions, i.e. the number of spare bits in MIB can change.
It is perhaps not the task of RAN2 to evaluate the NPBCH based measurement method, but 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. the UE may assume incorrect SFN number.
2. The UE cannot predict when and how many times the MIB value tag has changed over a certain period (e.g. the time between the UE went to sleep and wakes-up 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.
5. The UE cannot assume that the spare bits do not change.
Proposal: 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.
3 Summary

RAN2 is kindly asked to discuss measurement accuracy enhancements in NB-IoT: 

Proposal: 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.
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5 Appendix: Narrowband measurement accuracy improvements
RAN1 made the following agreements in RAN1#88bis:

· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.

· FFS details of related signaling

· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89

· Among the additional candidates, companies are recommended to prioritise CRS (in-band)

· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbour cell

· FFS for RRC_connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement

· FFS details of how UE is informed of differing EPRE between signals

· Simulation assumptions for narrowband measurement accuracy evaluation as follows

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx for stand-alone, 2Tx for for in-band, 1Rx

	Frequency error
	±50 Hz 

	NB-IoT carrier type
	Anchor carrier

	*NRS presence
	*Before a UE obtains operationModeInfo, refers to section 10.2.6 of TS 36.211

	Measurement bandwidth
	180kHz

	EPRE of different signals compared to EPRE of NRS
	[0,3,-3] dB for NSSS, NPSS, NPRS, PRS for others, refers to section 16.2.2 of TS 36.213

	MCL
	164 dB

	**SNR of NRS
	Assuming 5 dB noise figure, -4.6 dB for stand-alone, -12.6 dB for in-band

Assuming 9 dB noise figure, -8.6 dB for stand-alone, -16.6 dB for in-band

	Measurement period
	400, 800 ms

	Others not addressed
	Report with the simulation results


*Informs the assumption of existing NRS based RRM measurement 

**The noise figure difference compared to rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13
RAN1 made the following agreements in RAN1#89:
· 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

· Send an LS containing the above to RAN4, including the agreement from RAN1#88bis that “At least NSSS is used additionally to NRS for in-band, guard-band, standalone”

· See R1-1709781.

· Continue to study

· CRS for in-band operation mode

· NPBCH, NPDCCH, NPDSCH on an anchor carrier in the serving cell

RAN1 made the following working assumption, confirmation depending on RAN4 feedback, in RAN1#90:

· The ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB. 

· Send LS to RAN4 (cc RAN2) to inform the above, and request feedback on the above working assumption.
Agreement (RAN1#92)

· 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.
· Working assumption: 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

· FFS changes to the NRSSI definitions based on RAN1/4 agreements.
· RAN4 are informed of the above in LS R1-1803151.
Agreement (RAN1#92bis)
· 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 signalling 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. LS RAN4 about the agreements.
R1-1805434 LS RAN4 (CC RAN2) on whether and if so, how the update of NRSSI measurement in NRSRQ is needed when NSSS is used for NRSRQ measurements
RAN4#86bis:

Agreements (R4-1805951):

· Accuracy requirement and test cases for NSSS-based RRM measurements are defined under the condition that NSSS is transmitted from single Tx antenna port
� NSSS-NRS Energy Per Resource Element ratio (EPRE, i.e. power/15 kHz).
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