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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]NRS presence on non-anchor carrier was introduced in Rel-16 NB-IoT to support non-anchor carrier measurement and improve decoding performance. The configuration and position of NRS presence on non-anchor carrier were discussed in RAN1#95 meeting with the following agreements:
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
For further study in future meetings:
RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.
Agreement
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.
NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Further study details of decimation pattern until RAN1#96bis. 
In this contribution, the motivation of introduce NRS on non-anchor carrier and possible NRS positions for NB-IoT are discussed.
2. Discussion
Paging on non-anchor carrier was introduced in Rel-14 NB-IoT. NB-IoT UE assume that NRS is transmitted in the NPDCCH candidate of paging, and 10 subframes before and 4 subframes after the NPDCCH candidate. However, if no paging NPDCCH is detected on non-anchor carrier, UE cannot perform NRS-based non-anchor carrier measurement. Therefore, additional NRS transmission should be introduced to increase NRS density on non-anchor carrier and improve UE measurement reliability. The additional NRS should guarantee NRS presence within a maximum time window e.g. a DRX cycle, for UE measurement on non-anchor carrier. 
The position of NRS was agreed to be associated to a paging occasion. For example, NRS can be transmitted in subframes before, within and after a search space corresponding to a given paging occasion. UE can derive the position of POs as in legacy NB-IoT, and assume for every N paging occasions, NRS is transmitted in the Nth paging occasion, as shown in Figure 1. The SFN and subframe index of NRS transmission can be derived based on PO configuration.
The set of subframes in which the additional NRS is transmitted can be similar to Rel-14, for example, NRS is transmitted in all subframes occupied by the search space of a PO, and also in two given numbers of subframes before and after the paging search space.


Figure 1 NRS transmission in every N POs
Therefore, we have the following proposals:
Proposal 1: UE could assume additional transmission of NRS in: 
· Every absolute N paging occasions, from UE perspective or network perspective

Wake-up signal was introduced in Rel-15 to improve battery life for both MTC and NB-IoT. If WUS is enabled for non-anchor carrier, NRS transmission based on WUS configuration is another reasonable solution. Similarly, UE could assume NRS presence in WUS corresponding to every N absolute POs, or WUS corresponding to every N consecutive POs during which no NPDCCH is detected, as shown in Figure 3.
It was agreed that NRS presence when NWUS is enabled have 4 alternatives for down-selection. Considering that if no WUS is detected, UE will expect no NPDCCH transmission and could skip NPDCCH monitoring, additional NRS associated with NPDCCH but not WUS seems less beneficial, thus Alt4 is not preferred. Both Alt1/2/3 can be studied but for the flexibility of configuring, Alt3 is slightly preferred.
Proposal 2: Regarding NRS presence for NPDCCH early termination when NWUS is enabled, Alt3 is preferred.

3. Conclusion
Based analysis above, the following proposals are provided: 
Proposal 1: UE could assume additional transmission of NRS in: 
· Every absolute N paging occasions, from UE perspective or network perspective
Proposal 2: Regarding NRS presence for NPDCCH early termination when NWUS is enabled, Alt3 is preferred.
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