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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1], and the following was agreed on improved multi-carrier operation:
Improved multi-carrier operation:
· 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]. 

[bookmark: _Ref129681832]In this contribution we provide our views on NRS presence on non-anchor carriers when no paging NPDCCH is transmitted.
Background
[bookmark: OLE_LINK66]In Rel-13, NRS are assumed by NB-IoT UEs to be present in valid NB-IoT DL subframes, in addition to some other subframes. Rel-13 IDLE mode UEs monitor paging and initiate random access only on the anchor carrier, and do not camp on any non-anchor carrier.
[bookmark: OLE_LINK73][bookmark: OLE_LINK120]In Rel-14, both paging and random access are introduced on the non-anchor carriers. Therefore, NRS should be transmitted on non-anchor carriers that support paging and/or random access. However, in recognition of the fact that there is reduced need for NRS on such non-anchor carriers when paging or RAR are not present, it was agreed to have some advanced UE assumptions on NRS presence, as summarized for paging in Table 1. The details can be found in TS 36.211 [2].
[bookmark: _Ref520392610][bookmark: OLE_LINK19]Table 1 Summary of the minimum presence of NRS on non-anchor carriers
	Presence of paging
	Presence of NRS

	Paging
	Around NPDCCH: NRS are transmitted for 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.

Around NPDSCH: NRS are transmitted from 4 NB-IoT DL subframes before the NPDSCH carry paging, and until 4 NB-IoT DL subframes after the NPDSCH.

	No paging
	[bookmark: OLE_LINK121]No NRS need to be transmitted.



[bookmark: OLE_LINK123][bookmark: OLE_LINK527][bookmark: OLE_LINK528]Observation 1: In Rel-14, NRS do not have to be transmitted at times when no paging is sent on a non-anchor carrier, which helps reduce the network power consumption and the interference to other cells/systems and enhance dynamic resource sharing with other RATs e.g. LTE.
[bookmark: OLE_LINK680][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK529][bookmark: OLE_LINK530][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK192][bookmark: OLE_LINK151]NRS presence on non-anchor carriers for paging
[bookmark: OLE_LINK18][bookmark: OLE_LINK24][bookmark: OLE_LINK126]From the network perspective, it is advantageous to reduce the network power consumption, reduce the interference to other cells/systems, and enhance dynamic resource scheduling. Since the presence or absence of NRS affects UE performance but has network-side cost, the WID requires that the additional NRS are subject to signaling so that both sides understand what is assumed to be transmitted.
The motivation that NRS are transmitted on non-anchor carriers when paging is not present is to enable UEs in good coverage can be able to early terminate blind decoding before the max repetition number of Type1-CSS. Thus, such UEs can save power consumption.
[bookmark: OLE_LINK82][bookmark: OLE_LINK17][bookmark: OLE_LINK10][bookmark: OLE_LINK6]However this needs to be carefully considered so that assisting the UE is not at the excessive expense of increasing the NRS overhead when no UEs are being paged in terms of network-side cost. In addition, it should be studied how many NRS are needed to obtain reliable channel estimation for early termination of PDCCH monitoring while keeping the NRS overhead as small as possible.
[bookmark: OLE_LINK531][bookmark: OLE_LINK532][bookmark: OLE_LINK533][bookmark: OLE_LINK534][bookmark: OLE_LINK83]Proposal 1: The minimum presence of NRS when no paging is sent on a non-anchor carrier needs to be considered as a trade-off vs. increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. LTE).
[bookmark: OLE_LINK20][bookmark: OLE_LINK103][bookmark: OLE_LINK470][bookmark: OLE_LINK625][bookmark: OLE_LINK626][bookmark: OLE_LINK12][bookmark: OLE_LINK7]Furthermore, in Rel-15, the WUS allows the UE to know when it needs to monitor paging much more accurately than in Rel-13/14. In this context, the necessity for providing NRS at other times than when WUS is present need to be investigated
[bookmark: OLE_LINK92][bookmark: OLE_LINK91][bookmark: OLE_LINK90][bookmark: OLE_LINK11][bookmark: OLE_LINK604][bookmark: OLE_LINK171][bookmark: OLE_LINK176][bookmark: OLE_LINK537]Proposal 2: The presence of the wake up signal allows the UE to know whether to monitor NPDCCH, and thus implies further investigation is needed of scenarios when increasing the minimum NRS requirement is most beneficial.
Conclusions
In this contribution we provide our views on non-anchor carriers when no paging NPDCCH is transmitted. The following proposals are made.
Observation 1: In Rel-14, NRS do not have to be transmitted at times when no paging is sent on a non-anchor carrier, which helps reduce the network power consumption and the interference to other cells/systems and enhance dynamic resource sharing with other RATs e.g. LTE.
Proposal 1: The minimum presence of NRS when no paging is sent on a non-anchor carrier needs to be considered as a trade-off vs. increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. LTE).
Proposal 2: The presence of the wake up signal allows the UE to know whether to monitor NPDCCH, and thus implies further investigation is needed of scenarios when increasing the minimum NRS requirement is most beneficial.
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