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1. Introduction

In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1] based on the observations in [2] that NRSRP inaccuracy of a NB-IoT UE in a deep coverage can range around (10 dB. The scope of work item includes potential enhancement of RRM measurement using additional existing signals than NRS taking into account UE complexity, power consumption, system capacity and so on.
The agreements we have made in the previous RAN1#89 and RAN1#90 meetings are as follows.
	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

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 signaled 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.
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.


In this paper, we discuss the potential design options for potential enhancements of NRSRP measurement enhancements in Rel-15 NB-IoT. This is a re-submission of R1-1717284.
2. Potential further enhancement of NRSRP measurement
In the last RAN1 meeting, it was agreed to support enhancement of NRSRP measurement by use of NSSS at least in RAN1 perspective. In this section, we discuss further candidate signals for NRSRP measurement on top of NSSS and NRS and the necessity of them.

2.1. Candidate signals for further NRSRP measurement enhancement
Based on the agreements from the RAN1#89 meeting, NRSRP measurement accuracy is expected to be enhanced by means of NSSS on anchor carrier unless RAN4 finds a potential issue. Thus, the remaining scenarios where measurement performance needs to be improvement can be limited to serving and neighbour cell measurements on non-anchor carriers if necessities are found. We first look into CRS which was deemed the most promising additional signal for measurement accuracy enhancement on non-anchor carriers in the previous meetings.
1) CRS

· As agreed in the RAN1#88bis, CRS could be considered in a limited case which is an in-band operation mode. In-band operation mode can be classified into two types which are in-band same PCI mode and in-band different PCI one. As for in-band different PCI mode, it is most likely to be used when the number of CRS ports is four in general even though other use cases are not precluded. And it can be predicted that NB-IoT synchronization and demodulation performances will be degraded due to CRS interference, puncturing, and rate matching. In that sense, the minimum required SNR for in-band different PCI mode may be higher than in-band same PCI mode. Taking into account the operating SNR for in-band different PCI mode, NRSRP measurement performance may not be as inaccurate as that in a deep coverage for in-band same PCI mode. Furthermore, given that no performance evaluation has been assessed for in-band different PCI mode, it is not sure if NRSRP measurement accuracy enhancement is necessary which needs additional information such as LTE cell ID and offset between LTE center carrier and NB-IoT anchor-carrier and so on. However, whether or not to use CRS in in-band same cell ID operation mode for serving cell NRSRP measurement may be up to UE implementation with no or minimum specification imparts since required information is already included even in the current MIB-NB and SIB1-NB. Nevertheless, CRS may not be suitable for neighbour cell NRSRP measurement enhancement because relatively large amount of assistant information is necessary to use CRSs from neighbour cells, such as operation mode, channel raster offset, CRS sequence information, and power offset between NRS and CRS.
Other candidate signals and channels captured in the agreements are NPSS, NPBCH, NPRS, PRS (in-band), and NPDCCH on which we have concerns as below.
1) NPSS

· NPSS is not appropriate for NRSRP measurement since all the NB-IoT cells transmit same NPSS sequence. Unless network is deployed in an asynchronous manner by at least 1msec intervals or so, UE cannot discriminate cells.
2) NPBCH

· During the development period of Rel.13 NB-IoT standardization, it was agreed not to introduce TBCC encoding and Turbo decoding to UE so that it can be implemented with low complexity. Therefore, NPBCH is not appropriate for NRSRP measurement since NB-IoT UE does not need to be equipped with TBCC encoder in the current specification. On top of that, NPBCH does not seem to be suitable for NRSRP measurements from neighbour cells
3) (N)PRS

· In subframes where (N)PRS is being transmitted, neither NPDCCH nor NPDSCH can be allocated. Taking into account the fact, it is obvious that (N)PRS based NRSRP measurement is not efficient manner from spectral efficiency point of view if eNB transmits (N)PRS for the purpose of measurement accuracy enhancement nor for OTDoA measurement.
4) NPDCCH
· Even though NPDCCHs are likely to be transmitted more frequently than NPBCH, it is not suitable channel for the same reason as NPBCH.
As we have shown our views on candidate signals and channels above, we basically do not see any particular signal which is appropriate for measurement accuracy enhancement for non-anchor carriers. But if significant necessities are found to improve measurement performance for in-band different cell ID mode on non-anchor carrier, CRS would be the most appropriate among above candidates in spite of relatively large amount of assistant information. In this case, assistant information needs to be designed in an efficient way and it should be also applicable for neighbour cell measurement enhancement as well for fairness of cell (re)selection in terms of measurement accuracy.

Proposal 1: If CRS is used to enhance NRSRP measurement accuracy for in-band different PCI mode, CRS-based neighbour cell measurement enhancement should be supported together
· At least UE should be able to generate CRS sequences and aware of power offset between NRS and CRS through assistant information
3. Conclusion
In this contribution, we discussed design options for potential enhancements of NRSRP measurement enhancements in Rel-15 NB-IoT. The proposals in this contribution are summarized as follows.
Proposal 1: If CRS is used to enhance NRSRP measurement accuracy for in-band different PCI mode, CRS-based neighbour cell measurement enhancement should be supported together
· At least UE should be able to generate CRS sequences and aware of power offset between NRS and CRS through assistant information
4. Reference

[1] RP-170852, “New WID on Further NB-IoT enhancements”, Huawei, HiSilicon, Neul
[2] RP170508, “Motivation for Work item on Further enhancements of NB-IoT”, Ericsson
