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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to improve narrowband measurement accuracy.

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 #88bis, the following agreements have been reached for narrowband measurement accuracy improvement[2]:

· 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
In RAN1 #89 meeting, the following agreements have been reached for narrowband measurement accuracy improvement[3]:
· 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 LS R1-1709781 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
In RAN1 #90 meeting, the following working assumption has been reached for narrowband measurement accuracy improvement[4]:
· The ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB. 

· Send LS R1-1715300 to RAN4 (cc RAN2) to inform the above, and request feedback on the above working assumption.
In this contribution, we discuss potential candidates to improve the performance of narrowband measurement accuracy for NB-IoT. 
2 Discussion on CRS and other legacy candidates for measurement improvement
For in-band operation, CRS can be used together with NRS for narrowband measurement if TX antenna ports of LTE and NB-IoT are the same. For in-band same PCI mode, power difference between CRS and NRS and CRS port information are signaled to the NB-IoT UEs. For in-band different PCI mode, to utilizing CRS for measurement improvement, besides power difference between CRS and NRS, information of LTE PCID and PRB offset should be signaled to the NB-IoT UEs.  In this case, CRS can be used jointly with NRS and NSSS for measurement improvement. 
Proposal 1: For in-band operation mode, CRS can be considered as additional signal for narrowband measurement. 

NPBCH is transmitted in subframe #0 of every radio frame. Since the operation SNR of NPBCH is higher than NSSS and NRS therefore the measurement is less reliable and could compromise the overall result. NPBCH is not appropriate for NRSRP measurement for the NB-IoT UEs in RRC_connected mode and Idle mode. 
The NB-IoT UEs in RRC_connected mode need to blindly monitor NPDCCH search space. However, NPDCCH performance is worse than NPBCH and therefore the measurement is less reliable comparing with NPBCH. NPDCCH cannot be used for improving the NRSRP measurements for UEs in RRC_connected mode. 
The HD-FDD NB-IoT UEs cannot support simultaneous uplink and downlink data transmission. It is impossible to make use of NPDSCH transmission for measurement accuracy improvement. 

Proposal 2: NPBCH, NPDCCH and NPDSCH are not suitable for narrowband measurement improvement.  
3 Discussion on Rel-15 WUS based measurement improvement

In Rel-15, Wake-up signal (WUS) is agreed to be specified to enhance UE power consumption. WUS can be configured as cell specific or PO specific and could also include synchronization function. If WUS is configured as cell specific and it can provide both synchronization and wake-up function, then UE can also use the signal for its own cell’s measurement. In this scenario the WUS is similar to NSSS from the point of measurement. To allow the UE to use the additional signal for measurement enhancement, the EPRE ratio of WUS to NRS of serving cell need to signaled to the UE.

For neighboring cell measurement, the corresponding WUS configuration of the neighbor cell need to be signaled .
Proposal 3: Cell specific configured WUS which provide both synchronization and wake-up function can be used for UE serving cell measurement.
4 Configurability of measurement signals
NSSS, CRS and cell specific WUS all can be used together with NRS for measurement improvement. However, this does not mean that using them in any scenario will benefit. For example, if the EPRE of CRS and NRS have large difference it could happen that the result of joint CRS and NRS based measurement if worse than NRS only. However, the eNB can always configure and enable the these secondary measurement for feasible scenarios.
Proposal 3: NSSS, CRS and cell specific WUS based measurement improvement shall be eNB configurable and optional.
5 Conclusions
In this proposal, we have discussed the initial simulation results for RSRP/RSRQ measurement are provided for further analysis. 
Proposal 1: For in-band operation mode, CRS can be considered as additional signal for narrowband measurement. 

Proposal 2: NPBCH, NPDCCH and NPDSCH are not suitable for narrowband measurement improvement. 
Proposal 3: NSSS, CRS and cell specific WUS based measurement improvement shall be eNB configurable and optional.
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