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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] 

In RAN1#94, the following agreements were reached:

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

2 Key issues
2.1 Configuration/signalling
In the previous meeting, it was agreed that the feature is enabled by broadcast RRC. Some companies (ZTE, Nokia, NSB) propose to further clarify that this is enabled in SIB:

Proposal 1: The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
One company (Ericsson) proposes to introduce a UE capability to let the network enable/disable this feature.
Proposal 2: Further discuss whether there is need of introducing a new UE capability related to the presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted
2.2 Presence of NRS with respect to POs

Multiple companies seem to agree that the placement of the NRS in a non-anchor carrier has to be defined with respect to a PO (instead of, for example, with respect to absolute subframes)
- Huawei/HiSilicon: The NRS is present on subframes associated to PO.

- Mediatek: NRS is always transmitted on associated POs for a subset of paging UE groups.
- LGE: Sending NRS on subframes associated to WUS occasion should be considered for WUS capable UE
- Samsung: UE could assume additional transmission of NRS in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
- Qualcomm: Need to decide on location of NRS with respect to the PO
- Nokia/NSB: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration
Proposal 3: The subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.
Several companies discuss whether NRS will be present in all POs or a subset of them:
- Huawei/HiSilicon : The presence of NRS on subframes is related to the number of paging occasions in a DRX cycle (i.e. nB): which subframes contain NRS depends on the number of paging occasions in a DRX cycle
- Mediatek: NRS is always transmitted on associated POs for a subset of paging UE groups.
- Samsung: UE could assume additional transmission of NRS in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
- Qualcomm: Further discuss whether NRS is present in all POs or only a subset.

- Nokia/NSB: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration.
Proposal 4: For subframes which will contain NRS even when no paging NPDCCH is transmitted, downselect between the following options:


- Option 1: All POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.


- Option 2: 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 or new parameters, and whether the subset can be the whole set of POs by configuration.
Some companies discuss the position of NRS with respect to WUS/search space of the PO, but this seems to need further discussion. 
Proposal 5: Further discuss the location of subframes containing NRS with respect to WUS/search space of the PO.
2.3 Length of NRS

One company (Ericsson) proposes to send LS to RAN4 to decide the number of NRS subframes for accurately estimating SNR for early termination. One company (Qualcomm) proposes to take into account performance requirements and/or additional use cases.
Proposal 6: To decide the number of subframes which will contain NRS even when no paging NPDCCH is transmitted, at least the following should be considered:

- Number of subframes to accurately estimate SNR


- FFS: Whether LS to RAN4 is needed

- Potential new use cases other that early termination of NPDCCH/WUS
One company (Huawei) proposes some general principles on transmission of NRS:
Proposal 7: 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).

3 Contributions and proposals

	R1-1810087
	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 NRS is present on subframes associated to PO.

Proposal 3: The presence of NRS on subframes is related to the number of paging occasions in a DRX cycle (i.e. nB): which subframes contain NRS depends on the number of paging occasions in a DRX cycle.


	R1-1810199
	Ericsson
	Proposal 1
Information about UE supports early termination of NPDCCH/WUS should be made available at eNB, so the eNB can decide whether to turn on the NRS transmission on non-anchor carrier to assist the UE for early termination. The signalling details can be further studied.
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, i.e., the current reliably of the paging should not be degraded, in the range that SINR is larger than 1 dB.



	R1-1810245
	LG Electronics
	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.
· Additional information on the relationship between NRS and WUS should be served. (e.g. power ration and/or antenna port assumption)
Proposal 2: In case of in-band same-PCI operation mode, presence of CRS can be assumed in predefined subframes regardless of the NRS assumption.


	R1-1810513
	ZTE
	Proposal 1: Network can enable/disable ‘always-on’ NRS for non-anchor carrier by SIB.

· FFS details , such as exact signaling, NRS configuration (duration, periodicity etc).



	R1-1810609
	MediaTek Inc.
	Proposal 1: NRS is always transmitted on associated POs for a subset of paging UE groups.

Proposal 2: The subset of paging UE groups with NRS always transmitted is indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the size of the nrsTransmitBitmap is FFS.



	R1-1810831
	Samsung
	Proposal 1: UE could assume additional transmission of NRS 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, UE can assume it transmitted in:
· All subframes within the search space corresponding to the PO, and subframes before and after the search space.
· Or, all subframes occupied by WUS corresponding to the PO, and subframes before and after the WUS signal.


	R1-1810928
	Qualcomm Incorporated
	Proposal 1: To enable the presence of NRS in a non-anchor carrier, the following parameters are to be decided:


- Location of NRS with respect to the PO


- Number of subframes for NRS


- Whether NRS is present in all POs or only a subset

To decide these parameters, RAN1 should take into account performance requirements and/or additional use cases from RAN2 and RAN4.

Proposal 2: For the objective of presence of NRS in non-anchor carrier, consider the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.



	R1-1811078
	Nokia, Nokia Shanghai Bell
	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 / WUS configuration.
Proposal 2: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration.
Proposal 3: When WUS is configured for the UE, if indicated, the UE may assume NRS are transmitted on a subset of subframes configured for WUS.

Proposal 4: When WUS is not configured for the UE, if indicated, the UE may assume NRS are transmitted 10 NB-IoT DL subframes before and on a subset of subframes configured for Type-1 CSS.
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