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Discussion and Decision
1 Introduction

In [1], one objective of the WID is to improve measurement accuracy in NB-IoT. The goal is to evaluate and, if appropriate, specify use of additional existing signals than NRS for RRM measurements, considering UE complexity, power consumption, and system capacity. In this contribution, we consider potential methods for improving measurement accuracy.

2 Improving Measurement Accuracy
Currently, NB-IoT UE in in-band deployment mode with same cell ID as LTE can take advantage of additional LTE CRS for measurements, time-frequency tracking and channel estimation. This can be helpful especially for non-anchor carrier which may not be boosted in power as much as the anchor carrier. However, for in-band deployment mode with different cell ID, this option is not possible. It would be easy to extend this optional support also to this case by providing the LTE PCID and PRB offset to the UE. This information can be sent using either SIB1-NB or via dedicated RRC signaling. It would, of course, be more beneficial to use SIB1-NB although this is not strictly required. UEs that can take advantage of LTE CRS in in-band and same PCID deployment can support this feature without any additional implementation complexity. There is also no impact to system capacity. Therefore, it is proposed to also provide LTE CRS information to UE in in-band deployment mode with different PCID.
Proposal 1: Provide LTE CRS information to UE in in-band deployment mode with different PCID. 
In addition to LTE CRS, LTE PSS/SSS may also be used for improvement measurement accuracy (e.g. in case of many non-NB-IoT subframes). However, in this case, only a portion of the signals is within the bandwidth of the UE, and UE does not know about PSS/SSS. Therefore, it may not be easy for NB-IoT UE to use LTE PSS/SSS. 

In Rel-14, OTDOA support was added for localization and NPRS was introduced. NPRS can also be possibly used for RRM measurement. It may also be advantageous in some cases to use NPRS as a measurement signal as muting of NPRS in other cells can be configured. This may provide some improvement for certain measurements as hearability would be improved. For UEs supporting localization, there would not be an increase in complexity. Other UEs, however, would have to support NPRS. This, however, is not expected to be significant but should be carefully studied. Therefore, it is proposed to consider using NPRS as an additional signal for measurements.
Proposal 2: Consider using NPRS as an additional signal for measurements.
In addition to the NRS and CRS, the NPSS/NSSS can also be used to improve RRM measurement. Additionally, the NPBCH, which remains constant within 640ms windows, may also be used. NPSS/NSSS can easily be used because the sequences are already known to the UE. Using NPBCH is more complicated since the UE is not aware of the physical layer signal and would have to reconstruct it. But NPBCH can be considered as well due to the large number of OFDM symbols and subcarriers available. There is no increased overhead for using NPSS/NSSS and NPBCH, and the additional complexity may be acceptable, especially for NPSS/NSSS.
Proposal 3: Consider using NPSS/NSSS and potentially NPBCH as additional signals for measurements. 
One other potential signal that can be used is the so-called wake-up signal in case it is standardized. Because the signal is likely to be transmitted either periodically or in coordination with UE DRX cycle, it is likely to be transmitted in the RRM measurement window and can therefore be considered also for RRM measurements. In one case, this signal may look like a preamble which would be beneficial for measurements.
Proposal 4: Consider using physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) as an additional signal for measurements.
3 Conclusions

In this contribution, we consider ways to improve measurement accuracy and make the following proposals –

Proposal 1: Provide LTE CRS information to UE in in-band deployment mode with different PCID.

Proposal 2: Consider using NPRS as an additional signal for measurements.
Proposal 3: Consider using NPSS/NSSS and potentially NPBCH as additional signals for measurements. 
Proposal 4: Consider using physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) as an additional signal for measurements.

4 References

[1] RP-170852, “New WID on Further NB-IoT enhancements,” Huawei, HiSilicon, Neul, RAN#75, Dubrovnik, Croatia.
