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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#95, the following agreements were reached:
Agreement

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· 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

Agreement

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M
Agreement 

The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
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
In RAN1#94b, 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 SIB.
Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

· FFS: Whether PO is from UE perspective or NW perspective

Agreement
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 such as DRX cycle or new parameters by configuration

FFS: Whether the subset can be the whole set of POs by configuration.

2 Key issues
2.1 Key issue #1: Interaction of NRS with WUS
In the previous meeting, the following was agreed:

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· 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

The following input has been received to this meeting:

- Alt1: SS (1/3)

- Alt2: Nokia, NSB, SS (1/3)

- Alt3: SS (1/3), Qualcomm (1/2), ZTE, LGE
- Alt4: Huawei, HiSi, MediaTek, Ericsson, Qualcomm (1/2)
In view of the input to this meeting, the following is proposed (based on majority view of last two options):

Proposal 1: 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

2.2 Key issue #2: POs with associated NRS

In previous meetings, it was agreed that only a fraction of POs may have associated NRS (with the whole set of POs having NRS being a possibility by configuration). In regards to this matter, the main open issue is on the decimation pattern that determines whether a PO has associated NRS or not. A first point is whether this decimation pattern is defined with respect to UE or network POs.

- Network perspective: MTK, Huawei, HiSi, SS (1/2)
- UE perspective: Nokia, NSB, Ericsson, SS (1/2)
So no majority is observed here. One source (Huawei, HiSi) points out that network and UE perspective may be equivalent, under some interpretations. So the discussion on network vs UE may not be that essential at this point.

Several inputs are received with regards to the pattern, with one concern being the following:
- If the configuration is from “network perspective”, and the NRS is present in 1 out of every N POs from network perspective (equally spaced), there is unfairness between UEs: Huawei, HiSilicon, Qualcomm

- UEs belonging to one UE group can use the NRS associated to a different UE group (implied in most contributions).

In view of this, feature lead proposes the following:

Proposal 2: The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed with the following principles:


- P1: All UEs see the same percentage of POs with NRS.


- 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.


- P3 (??): The POs with NRS are uniformly spaced from UE perspective.


- P4 (??): The POs with NRS are quasi-uniformly spaced form 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 next meeting.

2.3 Key issue #3: Values of M,N

In the previous meeting, RAN1 reached the following agreement:
In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M
Several inputs were received on this matter, with views that do not seem to converge so far:

- M=10, N=32: MTK

- N=0: Huawei, HiSilicon, Ericsson, 

- M=10, N=Rmax/8: Nokia, NSB,

- Ask RAN4: Qualcomm

- M=10, N configurable: ZTE

The first level of detail is to determine whether this decision should be taken in RAN1 or RAN4 (note that there was input to previous meetings from other companies asking to send LS to RAN4 on this matter). Also, there are ongoing discussions in RAN2, with the following agreement reached in RAN2#104:

· RAN2 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

In view of the above, feature lead suggests to discuss the following:

Proposal 3: For determining the values of M, N:


- Option 1: Send LS to RAN4 to ask for recommendation on these values.


- Option 2: RAN1 to continue discussion


- Option 3: Postpone the discussion until RAN2 finalizes study on measurements in non-anchor carrier
2.4 Others

Two sourcing companies (LGE, Qualcomm) propose to study, for in-band case, whether CRS can be used for SINR estimation.
Proposal 4: RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.

3 Contributions and proposals

	R1-1901507
	NRS presence on non-anchor carriers for paging
	Huawei, HiSilicon
	Proposal 1: Adopt Alt4 that NRS is always associated with NPDCCH for paging.
Proposal 2: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from either of the following perspectives:

· NW perspective: all POs that network configures to all UEs. 

· UE perspective definition 1: all POs that UE can read from SIB configurations.
Proposal 3: The number of NRS subframe associated to a PO is variable according to the number of paging occasions in a DRX cycle (i.e. nB).

Proposal 4: The location of NRS subframe(s) associated to a PO is related to the number of paging occasions in a DRX cycle (i.e. nB) as follows: <Table omitted>


	R1-1901735
	NRS presence on  non-anchor carrier in NB-IoT
	MediaTek Inc.
	Proposal 1: The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted is determined by UE from common DRX cycle configuration for paging indicated by common signalling in SIB.
Proposal 2: NRS is present in the first M=10 subframes out of the 10 NB-IoT DL subframes before the PO, and the N <= 32 first NB-IoT DL subframes of NPDCCH search space.

Proposal 3: Alternative 4: NRS is always associated with NPDCCH for paging.

Proposal 4: 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 32bits.



	R1-1901751
	Presence of NRS on a non-anchor carrier for paging in NB-IoT
	Ericsson
	Proposal 1
To limit the negative impacts on the NW resource allocation and at the same time enable UE power saving, NRS should be always associated with NPDCCH for paging.

Proposal 2
In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination, NRS is present in the first 8 subframes out of the 10 NB-IoT DL subframes before the PO, and no NRSs are needed in the NB-IoT DL subframes in the NPDCCH search space for paging.

Proposal 3
Depending on the DRX cycle length and paging weights, subframes which will contain NRS even when no paging NPDCCH is transmitted should be configured every Nth PO from the UE perspective, where N ≥ 1.

	R1-1901870
	Presence of NRS on non-anchor PRB
	ZTE
	Proposal 1:  Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

Proposal 2: eNB configures NRS PO periodicity. 

Proposal 3: The value of M is 10 and the value of N is configurable.

	R1-1901968
	Presence of NRS on a non-anchor carrier for paging
	Nokia, Nokia Shanghai Bell
	Proposal 1: When NWUS is enabled from UE perspective, there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
Proposal 2: When NWUS is configured for the UE, if indicated, the UE may assume NRS are transmitted on a subset of subframes configured for NWUS.

Proposal 3: When NWUS 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.
Proposal 4: The NRS is present is the first M=10 subframes out of the 10 NB-IoT DL subframes before the PO.
Proposal 5: The NRS is present is the N first NB-IoT DL subframes of NPDCCH search space, where N is a fraction of the Rmax (e.g. Rmax/8).
Proposal 6: The PO is from UE perspective for subframes which will contain NRS even when no paging NPDCCH is transmitted.



	R1-1902067
	Discussion on NRS on a non-anchor carrier
	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 transmission can be assumed in predefined subframes instead of the NRS.



	R1-1902220
	NRS presence on non-anchor carrier
	Samsung
	Proposal 1: UE could assume additional transmission of NRS in: 
· Every absolute N paging occasions, from UE perspective or network perspective
· Or, every N paging occasions during which no NPDCCH is detected, from UE perspective or network perspective
Proposal 2: Both Alt1/2/3 can be further studied and Alt3 is slightly preferred.



	R1-1902379
	Presence of NRS on a non-anchor carrier for paging
	Qualcomm Incorporated
	Proposal 1: Send LS to RAN4 to inform them of the agreement on the number of subframes (N,M) in a PO, and ask for feedback regarding these values.

Proposal 2: The pattern for POs that contain NRS is based on the following principles:


- P1: All UEs see the same fraction of POs with NRS.


- P2: The POs with NRS are uniformly spaced from UE perspective.


- P3: The POs with NRS are quasi-uniformly spaced form network perspective.

Proposal 3: For interaction of NRS and NWUS, 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

Proposal 4: For in-band deployments, enable use of CRS in non-anchor carrier even when NRS is not present.


FFS: Details

Proposal 5: 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.
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