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1 Introduction
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:

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] 

2 Key Issues

2.1 Use cases

The following use cases are mentioned by companies:

· Early termination of NPDCCH / WUS (QC, E///, HW, HiSi, LGE)
· RRM measurements (QC, ZTE, MTK, SS, LGE, Nokia, NSB)

· E///: RRM measurements to be discussed in RAN4/RAN2
· Further warm-up subframes for channel estimation and tracking (ZTE)
Proposal 1: For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use cases:

· Early termination of NPDCCH / WUS

· RRM Measurements

· Consider sending an LS to RAN2/RAN4 to study this matter.

· FFS: (Further) Warm-up subframes for channel estimation and tracking
2.2 Signalling

The following possibilities are mentioned by companies related to enable/disable the feature:
· Presence of always-on NRS on a non-anchor carrier is enabled by broadcast signalling (QC, Nokia, NSB, Samsung, MTK, ZTE)
· NOTE: Samsung also mentions the possibility of predefined/RRC signalling 

· UE capability for early termination (E///)

Proposal 2: The presence of always-on NRS on a non-anchor carrier for paging is enabled by broadcast signalling.


- FFS: whether UE capability related to this feature is needed
2.3 Subframes that contain always-on NRS
The following aspects are discussed related to the subframes that contain always-on NRS:
· Always-on NRS in a subset of POs. (Nokia, NSB, MTK)
· Always-on NRS in every subframe (ZTE)

· Always-on NRS in a subset of search spaces (E//)

· Always-on NRS before PO and during search space (Nokia, NSB, Samsung, MTK)

· Consider asking RAN4 for feedback on number of subframes that are needed for early termination (E///)

· Consider tradeoff between interference/network power consumption and UE power savings (HW, HiSi)

· Consider the fact that NRS in non-anchor may be used as WUS signal (HW, HiSi)

· Transmit NRS in subframes where WUS is transmitted, including linkage with RRM measurement relaxation (LGE)
Proposal 3: Further study the periodicity/length of subframes that are guaranteed to have NRS, including the following aspects:
· Always-on NRS in a subset of POs

· Always-on NRS in every subframe

· Always-on NRS in a subset of search spaces

· Always-on NRS before PO and during search space

· Consider asking RAN4 for feedback on number of subframes that are needed for early termination

· Consider tradeoff between interference/network power consumption and UE power savings

· Consider the fact that NRS in non-anchor may be used as WUS signal

· Transmit NRS in subframes where WUS is transmitted, including linkage with RRM measurement relaxation
3 Contributions and proposals

	R1-1808048 (Ericsson)
	Proposal 1
The UE should signal its capability of early termination to assist the eNB to decide whether to turn on the NRS transmission on non-anchor carrier to assist the UE for early termination.

Proposal 2
Send LS to RAN4 and ask for input of how long the NRS should be transmitted for the UE to perform SINR estimation for reliable early termination of WUS and NPDCCH in the range that SINR is larger than 7 dB.

	R1-1808111 (Huawei, HiSilicon)
	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.

	R1-1808444 (Nokia, NSB)
	Proposal 1: Presence of NRS in set of subframes even when no paging NPDCCH is transmitted is configured in SIB-NB as part of paging configuration.

Proposal 2: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration.

Proposal 3: When indicated, the UE may assume NRS are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after Type-1 CSS.

	R1-1808479 (LGE)
	Proposal 1: Sending NRS on subframes associated to WUS occasion should be considered for WUS capable UE.

-
NRS transmission period can be relaxed for WUS capable UE if the RRM measurement relaxation is configured.

	R1-1808645 (ZTE)
	Proposal 1: eNB configured always-on NRS transmission on a non-anchor carrier shall be considered.

	R1-1808741 (Samsung)
	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.

	R1-1809036 (QC)
	Proposal 1: Consider the following use cases for the introduction of NRS in non-anchor carrier for paging:


- Early termination of NPDCCH/WUS for paging.


- Mobility/RRM enhancements.

Proposal 2: The presence of NRS in non-anchor carriers for paging is enabled by broadcast signalling (e.g. SI).


- FFS details such as number of NRS subframes, periodicity, etc.

Proposal 3: Send an LS to RAN2 to inform that:

-
Current measurement procedure for non-anchor paging operation increases UE power consumption due to having to monitor both anchor and non-anchor carrier.

-
Current measurement procedure is not robust against narrowband interference in non-anchor carrier.

-
RAN1 will specify transmission of NRS in non-anchor carrier regardless of whether paging is transmitted or not.

-
Ask RAN2 to consider using these NRS for measurements or measurement relaxation.

	1808962 (MediaTek)
	Proposal 1: NRS is always transmitted on non-anchor carrier in CSS Type 1 and in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the CSS Type 1 for a subset of paging UE groups as indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the maximum size of the nrsTransmitBitmap is FFS.
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