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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]In RAN plenary #80 meeting, a new WID of further enhancements for Rel-16 NB-IoT was approved. It was agreed to improve multi-carrier operation for Rel-16 NB-IoT with the following objective:
Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

In this contribution, the potential location of NRS on non-anchor carriers for NB-IoT is discussed.
2. Discussion
Paging on non-anchor carrier was introduced in Rel-14 NB-IoT. For paging on non-anchor carrier, Rel-14 NB-IoT UE assumes NRSs are 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 receive NRSs for non-anchor carrier measurement. Therefore, additional NRS transmission should be introduced to increase NRS density on non-anchor carrier and improve UE measurement performance. 
The additional NRS should guarantee NRS presence within a maximum time window for UE measurement on non-anchor carrier. The maximum time window is configured by broadcast signaling, RRC signaling or pre-defined. 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 of a NRS occasion, and also in two given numbers of subframes before and after the NRS occasion.
The NRS occasion can be decided depending on paging occasion, for example, the NRS occasion is all subframes in a search space corresponding to a given paging occasion. UE derive the location of legacy paging occasions, and assume for every N paging occasions, NRS is transmitted in the Nth paging occasion, i.e. NRS is transmitted in subframes before, within and after the search space corresponding to the Nth paging occasion, as shown in Figure 1. As a simple solution, the presence of NRS transmission can be absolutely decided by SFN and subframe index. 


Figure 1 NRS transmission in every N POs
[bookmark: _GoBack]Another possible approach is to decide NRS transmission based on NPDCCH detection. Similarly, there is NRS transmission in any N consecutive paging occasions, but the NRS can be the additional NRS, or legacy NRS around paging NPDCCH. Therefore, if UE detected no NPDCCH during N consecutive paging occasions, UE assume NRS is transmitted in the Nth paging occasion. Otherwise if NPDCCH is detected, the N consecutive paging occasions will be re-calculated after the end of detected NPDCCH, as the example shown in Figure 2. This approach could better handle NRS overhead on DL.


Figure 2 NRS transmission in every N POs without NPDCCH
Therefore, we have the following proposals:
Proposal 1: Additional transmission of NRS presents in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
Proposal 2: When NRS is transmitted in a PO, it is transmitted in all subframes within the search space corresponding to the PO and is also transmitted in subframes before and after the search space.
3. Conclusion
Based analysis above, the following proposals are provided: 
Proposal 1: Additional transmission of NRS presents in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
Proposal 2: When NRS is transmitted in a PO, it is transmitted in all subframes within the search space corresponding to the PO and is also transmitted in subframes before and after the search space.
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