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Discussion and Decision
1 Introduction

In [1], one objective of the WID is to improve measurement accuracy in NB-IoT. In RAN1#89, it was agreed that –

· 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

In this contribution, we consider details on the additional signals for improving measurement accuracy.

2 Improving Measurement Accuracy
In RAN1#88bis, it was agreed that NSSS is used in addition to NRS to improve measurement accuracy. Other signals, however, are to be evaluated further. The NSSS was chosen since the signal can be easily distinguished among different cells and performance improvement was demonstrated. Like the NRS, CRS is also a good candidate to use for the in-band case. In fact, in RAN1#88bis, it was recommended to prioritize CRS due to the ability to distinguish this signals among the different measurement cells. CRS shares the same properties as NRS, which is already used for measurements. In addition, UEs may already have the capability to use CRS in addition to NRS, since this is a feature that is supported for in-band same PCI operation mode in Rel-13.
Performance results from [2] showed that there is approximately 0.6dB loss in measurement accuracy when CRS is used together with NRS at 164dB MCL (i.e. extreme coverage). This is, however, based on CRS being 6dB lower in power compared to NRS, which is the worst-case scenario. With lower power difference or the same power, it is expected that using CRS in addition to NRS will provide significant gain. For instance, performance results from [3] showed a 2dB improvement in measurement accuracy when NSSS is used together with NRS of equal power. Since CRS density is greater than NSSS, it is reasonable to expect similar or better improvement when CRS + NRS is used and they are of equal power.

Therefore, it is proposed that CRS can be used as additional signal for measurements. Note that eNB can configure one of NSSS or CRS or both for additional measurements. This might be beneficial since some UEs may already have the capability to use CRS so this would require only minimal change on the UE side and can be implemented quickly in the system. 
Proposal 1: CRS can be used as additional signal for measurements. 
To use CRS for measurements, the UE needs to know about the power difference between CRS and NRS, as well as whether the number of CRS ports is the same as the number of NRS ports. This information is already known for the serving cell in case of in-band and same cell ID deployment. It can also be easily extended to cover the case for in-band deployment with different cell ID 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. In addition, this signaling can be introduced for neighboring cells to allow the UE to also combine NRS and CRS for measurement purposes. The additional signaling will provide CRS information for in-band deployment mode with different PCID and for neighboring cells.

Proposal 2: Introduce signalling to support measurements using NRS and CRS for serving cell and neighboring cells. 
With respect to the signaling needed, the following information would be needed for NRS + CRS measurements - cell ID, PRB offset, power offset, antenna port of serving cell (in case of in-band deployment mode with different PCID) and neighbor cells.
As noted in [2], there are scenarios when including CRS reduces measurement accuracy. This, however, can be handled by the network through not signalling CRS configuration when it is not helpful.
For NRS + NSSS measurements, the following information would be needed - power offset between NRS and NSSS of the serving and neighboring cells. In RAN1#89, the following working assumptions were reached, with 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.

With respect to the sets of power offset, performance results from [2] demonstrated that measurement accuracy reduces by 0.6 dB when the additional signal (in this case the CRS) is 6dB lower in power compared to the NRS. Following the same trend, there is then no need to use NSSS if it is significantly lower in power than the NRS. Therefore, a signalling range of {-3,…,3} dB seems appropriate for the power offset. In addition, it is most likely that the power offset would be the same for all cells. Therefore, it seems reasonable to signal only a common value for serving cell and neighbour cells.
3 Conclusions

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

Proposal 1: CRS can be used as additional signal for measurements. 
Proposal 2: Introduce signalling to support measurements using NRS and CRS for serving cell and neighboring cells. 
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