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1
Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and later revised [1]. 

One objective is related to measurement accuracy improvements as follows:

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.

The topic was discussed in RAN1 and RAN4 and the following agreements were made: 
RAN1: 

	RAN1#88bis agreements:
· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.

· FFS details of related signalling

· 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

RAN1#89 agreements:
· 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”

· Continue to study

· CRS for in-band operation mode

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

RAN1#89 Working assumption, confirmation depending on RAN4 feedback:

· For NSSS-aided measurement accuracy enhancement at least in idle mode, the NSSS-NRS EPRE ratios of serving cell and neighbour cells are signalled to UE by higher layers.

· FFS on details of sets of power offset (e.g., {-3, …, 0, …, 3} in dB}
· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 
· The possibility to use NSSS is indicated by higher layers.
· Detailed signaling design would be left to RAN2.
RAN1#90 Working assumption, confirmation depending on RAN4 feedback: 
· 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.
RAN1#92 agreements:
· 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. 

RAN1#92 Working assumption, confirmation depending on RAN4 feedback
· 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

RAN1#92bis agreements:
· 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.


RAN4: 

	RAN4#84Bis
RAN4 discussed measurement accuracy improvement and confirmed the feasibility of NSSS-based RRM measurement.

RAN4#85

RAN4 further confirmed that the earlier agreement on feasibility of NSSS-based RRM measurement is under assumption that NSSS is always transmitted from Tx port N2000. Since in the RAN1 specification, NSSS can be transmitted from any port or combination of ports, which may differ from NSSS to NSSS occasion. RAN4 will further investigate the feasibility of NSSS-based RRM measurement when there is no conditions on the antenna port(s) used for NSSS transmission.

RAN4#86

NSSS based RRM measurement based on multiple Tx antenna ports was discussed, to be continued next meeting. One LS to RAN1 was agreed to update the definition of NRSRP and NRSRQ to cover NSSS based measurement.

RAN4#86bis

RAN4 further discussed NSSS based RRM measurement and agreed 
· 
Accuracy requirement and test cases for NSSS-based RRM measurements are defined under the condition that NSSS is transmitted from single Tx antenna port.

RAN4 discussed NPBCH-based RRM measurement and agreed:
·   
Assuming UE can regenerate NB-MIB, it is feasible to use NPBCH for serving cell RRM measurement, provided that spare bits in MIB-NB do not change across NPBCH transmission periods
· 
Device complexity and power consumption impacts should also be considered
· 
Companies are encouraged to investigate appropriate simulation condition to evaluate the feasibility of NPBCH-based RRM measurement for neighbour cell


In this document, we discuss the RAN2 aspects for measurement accuracy improvements.
2 Discussion 
2.1 NSSS-based RRM measurements
RAN1 has agreed to use NSSS as an alternative to NRS for measurement for idle mode in the serving cell and neighbour cells for in-band, guard-band, and standalone. 

RAN1 has also agreed that the possibility to use NSSS is indicated by higher layers and that the NSSS-NRS EPRE ratios of serving cell and neighbour cells are signalled to UE by higher layers. The ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB.  
RAN1 has not concluded on whether the power offset information is per-neighbor cell or common for all neighbour cells or common for serving cell and neighbor cell. In our understanding, this offset is specific of the cell and should be known for each cell individually.   

If signalled per neighbouring cell, this may imply a lot of signalling overhead, as the neighbouring cells are usually not explicitly signalled. To limit the signalling overhead, it is possible to signal the NRS-NSS power offset of neighbouring cells only when it is different from the power offset in the serving cell
Proposal 1: NSSS-based RRM measurements are enabled by signalling the NSSS-NRS power offset in system information (SIB3-NB) for the serving cell

Proposal 2: When NSSS-based RRM measurements are enabled, the NSSS-NRS power offet is signalled per neighbouring cell (SIB4-NB and SIB5-NB). Absence of the parameter, implies that the NSSS-NRS power offset is the same as for the serving cell.
RAN1 has also agreed that the eNB can signal 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 the parameter is absent, the UE makes no assumptions on the antenna port(s) used for NSSS.
Simarly to the NRS-NSSS power offset, the information is cell (or eNB) specific and can be different per neighbour cell. 

Proposal 3: When NSSS-based RRM measurements are enabled, the eNB can signal the number of consecutive NSSS occasions that use different precoders for NSSS transmission in SIB3-NB for the serving cell. If the parameter is absent, the UE can make no assumption on the antenna port(s) used for NSSS.

Proposal 4: When NSSS-based RRM measurements are enabled, the eNB can signal the number of consecutive NSSS occasions that use different precoders for NSSS transmission, per neigbouring cell in SIB4-NB and SIB5-NB. If the parameter is absent for a neighbour cell, the UE assumes the same value as for the serving cell.

RAN1 has also agreed to use NSSS as an alternative to NRS for measurement for connected mode on the anchor carrier. 

In our view, the configuration provided in the system information can be used by the UE in connected mode as well and there is no additional signalling impact. 

Proposal 5: When NSSS-based RRM measurements are enabled in system information and the UE is configured on the anchor carrier in connected mode, the UE performs NSSS-based RRM measurements using the configuration provided in system information.
2.2 
NPBCH-based RRM measurements

As another alternative, RAN1 has agreed that when NSSS-based measurements are not used, it is feasible to use NPBCH instead of NRS for RRM measurement, to be confirmed by RAN4. RAN4 has confirmed that, assuming UE can regenerate NB-MIB, it is feasible to use NPBCH for serving cell RRM measurement, provided that spare bits in MIB-NB do not change across NPBCH transmission periods.
According to the RAN1 LS in [3], the use of NPBCH for the serving cell measurements in idle mode is enabled by higher layers signaling.

Proposal 6: NPBCH-based RRM measurements for the serving cell are enabled by an indication in system information (SIB3-NB).
2.3 UE capability

Whether the support of NSSS-Based RRM measurements or NPBCH-based RRM measurements is mandatory or optional at the UE and whether the eNB needs to know needs to be discussed. 

In our view, the feature is very beneficial at the UE and the eNB as it will lead to better RSRP-based decision, in particular: 

-
Better cell selection/reselection decision, and therefore less interfence in the cell and less power consumption at the UE due to the UE not accessing on the best cell;

-
More accurate NPRACH resource selection, and therefore less congestion or interference and less power consumption at the UE, caused by the UE selecting the wrong NPRACH repetition level. 

Considering this as a major enhancement for NB-IoT, especially when coverage enhancement is used, and that RAN4 has agreed to specify performance requirements for NSSS-based RRM measurements, it is proposed that support of NSSS-based RRM measurements is mandatory for all Rel-15 UEs. . 

Proposal 7: Support for NSSS-based RRM measurements is mandatory for a UE supporting Rel-15. 
On the other hand, NPBCH-based RRM measurements are only feasible for the serving cells and require higher device complexity, so it is proposed that thay are optional at the UE.  

Proposal 8: Support for NPBCH-based RRM measurements is optional for a UE supporting Rel-15. 

In our view, knowing at the eNB how the measurement was performed is not very valuable, as this would be mainly useful to adjust the setting of the RSRP thresholds. For the adjustment of the number of downlink DL repetitions, reporting of the DL channel quality in MSG3 is already agreed.
Proposal 9: There is no need for capability/ IOT bit signalling

3 Conclusion 
In this document we have discussed NSSS-based RRM measurements and NPBCH-based RRM measurmenets and made the following proposals:
Proposal 1: NSSS-based RRM measurements are enabled by signalling the NSSS-NRS power offset in system information (SIB1-NB or SIB3-NB?) for the serving cell

Proposal 2: When NSSS-based RRM measurements are enabled, the NSSS-NRS power offet is signalled per neighbouring cell (SIB4-NB and SIB5-NB). Absence of the parameter, implies that the NSSS-NRS power offset is the same as for the serving cell.

Proposal 3: When NSSS-based RRM measurements are enabled, the eNB can signal the number of consecutive NSSS occasions that use different precoders for NSSS transmission in SIB3-NB for the serving cell. If the parameter is absent, the UE can make no assumption on the antenna ports(s) used for NSS.

Proposal 4: When NSSS-based RRM measurements are enabled, the eNB can signal the number of consecutive NSSS occasions that use different precoders for NSSS transmission, per neigbouring cell in SIB4-NB and SIB5-NB. If the parameter is absent for a neighbour cell, the UE assumes the same value as for the serving cell.

Proposal 5: When NSSS-based RRM measurements are enabled in system information and the UE is configured on the anchor carrier in connected mode, the UE performs NSSS-based RRM measurements using the configuration provided in system information.

Proposal 6: NPBCH-based RRM measurements for the serving cell are enabled by an indication in system information (SIB3-NB).
Proposal 7: Support for NSSS-based RRM measurements is mandatory for a UE supporting Rel-15 . 

Proposal 8: Support for NPBCH-based RRM measurements is optional for a UE supporting Rel-15. 

Proposal 9: There is no need for capability/ IOT bit signalling.
A text proposal for 36.331 is included in [4].
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