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1 Introduction
In RAN1#94 meeting, the following agreements were made on presence of NRS on a non-anchor carrier for paging [1]:

	Agreement 

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.

· Above applies only for non-anchor carriers

For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:

· Early termination of NPDCCH / WUS

Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact


In RAN1#94bis meeting, the following agreements were made on presence of NRS on a non-anchor carrier for paging [2]:
	Agreement 

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

· FFS: Whether PO is from UE perspective or NW perspective

A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration

FFS: Whether the subset can be the whole set of POs by configuration.


In RAN1#95 meeting, the following agreements were made on presence of NRS on a non-anchor carrier for paging [3]:
	Agreement 

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M

The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.


In RAN1#96 meeting, the following agreements were made on presence of NRS on a non-anchor carrier for paging [4]:
	Agreement 

For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:

· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.

· FFS: the case for eDRX

· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.

· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)

· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.


In this contribution, we discuss the remaining NRS presence issues on a non-anchor carrier for paging from RAN1 perspective.

2 Discussions
2.1 Configuration of NRS PO

Regarding NRS presence for NPDCCH early termination when NWUS is enabled, four alternatives were discussed in last meeting. For Alt 4, the early termination of NWUS can’t be achieved thus the power consumption of the UE can’t be further reduced. For Alt 3, the NRS can be flexibly configured by eNB so that all kind of UEs can use NRS to early terminate NWUS/NPDCCH. Based on the above analysis, Alt 3 is preferable.
Proposal 1: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination.

2.2 Decimation pattern
Based on the agreement in last meeting, the decimation pattern is determined at least with four principles. To meet the principle that the decimation pattern is fair across UEs, the simplest way is to set all POs in a DRX cycle as PO with NRS. If all POs in a given DRX cycle are with NRS, this DRX cycle is called DRX cycle with NRS. Further, to reduce the NRS overhead, only partial DRX cycles can be configured as the DRX cycle with NRS. The DRX cycles with NRS can be periodically distributed and NRS transmissions occur every M DRX cycle(s). The periodicity of DRX cycle with NRS is configured by the eNB. In this case, the POs with NRS are uniformly distributed from both UE perspective and network perspective. For eDRX UEs, the fairness is achieved by the implementation. 
Proposal 2: DRX cycles with NRS are periodically distributed and the periodicity of DRX cycle with NRS is configured by eNB. 

· All POs are with NRS in a DRX cycle with NRS.
2.3 Subframe choices for NRS

NRS can be used for early termination of both NPDCCH and NWUS detection. For NPDCCH, in Rel-14, for paging transmitted on non-anchor carrier, NRS are transmitted in 10 NB-IoT DL subframes before the start of the Type1-CSS, in the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI, and 4 NB-IoT DL subframes after the NPDCCH candidate. For a paging occasion where no paging is transmitted, if same NRS subframe configuration is used as in the case when paging is transmitted, UE detection of NRS can be simplified and processing complexity can be reduced. Therefore, we propose the value of M is also 10. Considering the NRS is used for early terminated of NPDCCH/NWUS, the value of N should be configured. 
Proposal 3: The value of M is 10 and the value of N is configurable. 

3 Conclusions

In this contribution, we have provided our considerations on NRS presence on non-anchor carrier for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination.

Proposal 2: DRX cycles with NRS are periodically distributed and the periodicity of DRX cycle with NRS is configured by eNB. 

· All POs are with NRS in a DRX cycle with NRS.
Proposal 3: The value of M is 10 and the value of N is configurable. 
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