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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
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.

For next meeting:

Companies are encouraged to consider increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. NR), paging performance, reduced UE power consumption in the setting of presence of NRS when no paging is sent on a non-anchor carrier

2 Key issues
2.1 Key issue #1: NRS presence with/without WUS

Two contributions bring up the issue of enable NRS presence differently depending on whether WUS is enabled or not. 

- Ericsson and Nokia/NSB mention that, if WUS is enabled, no NRS is needed to early terminate NPDCCH.

The rationale behind this is that, if WUS is enabled, then the UE will not monitor NPDCCH unless it detects the WUS first. But at the same time, it brings the following questions:

1) What happens if a UE supports NRS in non-anchor carrier but doesn’t support WUS?

2) What happens if we have 1:N mapping for WUS?

These questions

Proposal 1: RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled:


- 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. 

NOTE: In the remaining key issues, feature lead (FL) introduced in square brackets the dependency on this proposal.
2.2 Key issue #2: length and position of NRS (for NPDCCH)
The following input is received from multiple companies regarding the length and position of NRS in POs that have associated subframes with guaranteed NRS:
- Send LS to RAN4 and ask for input of under each DRX cycle length, 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 (Ericsson).
- Increase of NRS presence should be minor. 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).  (Huawei, HiSilicon)
- 10 NB-IoT DL subfarmes prior to PO, 4 subframes after PO (Mediatek)
- NRS are transmitted 10 NB-IoT DL subframes before and on a subset of subframes configured for Type-1 CSS (Nokia, NSB)

- All subframes within the search space corresponding to the PO, and subframes before and after the search space (Samsung)

- NRS is present in 10 valid subframes before the PO, and the N first subframes of NPDCCH search space (Qualcomm).

- The NRS subframes with respect to PO should adopt the same configuration as the NRS when actual paging is transmitted (ZTE)
In view of the input above, we make the following proposal.
Proposal 2: In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted [and in a carrier in which NWUS is not configured]:

-  NRS is present in 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
2.3 Key issue #3: length and position of NRS (for NWUS)

- Transmitted at the beginning of WUS subframes (Ericsson)

- FL note: In the same contribution, it is mentioned that “the NRS should only be transmitted at the beginning portion of the WUS subframes to facilitate the UE to estimate the SINR”. So, the FL interpreted this as 1) We need NRS for WUS in the beginning part of WUS subframes and 2) We may not need NRS for NPDCCH if WUS is used.
- Sending NRS on subframes associated to WUS occasion should be considered for WUS capable UE (LGE)
- When WUS is configured for the UE, if indicated, the UE may assume NRS are transmitted on a subset of subframes configured for WUS (Nokia, NSB)

- All subframes occupied by WUS corresponding to the PO, and subframes before and after the WUS signal (Samsung)

- FFS: whether for the case of WUS additional NRS are needed (Qualcomm)

Proposal 3: In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted, and in a carrier in which NWUS is configured:

-  NRS is present in the first P subframes of NWUS transmission


- FFS: Value of P.
2.4 Key issue #4: Decimation of NRS

In RAN1#94, it was decided that a subset of POs have NRS. It was FFS whether this is from UE perspective or eNB perspective. The following input is provided in this meeting:
- Every N-th PO from UE perspective: Ericsson, ZTE, Samsung

- Every N-th PO from network perspective: Huawei, HiSilicon, Mediatek, Nokia, NSB

- All UEs see similar % of PO with NRS: Qualcomm

The group seems to be divided in this issue, but based on majority view we make the following proposal:

Proposal 4: The POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted are a subset of POs from network perspective.

Two contributions (Huawei/HiSilicon and Mediatek) proposes that the subset of POs can be the complete set by configuration. 
Proposal 4a: 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.

2.5 Others

Other proposals (not related to further details of the proposals above, which are omitted) submitted to this meeting include:
- Introduce UE capability/reporting of whether UE supports early termination of NPDCCH/WUS based on NRS in non-anchor carrier (Ericsson)

Proposal 5: Introduce a UE capability of whether UE supports early termination of NPDCCH/WUS based on NRS in non-anchor carrier.
One company proposed that the UE can assume that CRS is present in predefined subframes regardless of NRS assumption:

Proposal 6: In case of in-band same-PCI operation mode, presence of CRS can be assumed in predefined subframes regardless of the NRS assumption

3 Contributions and proposals

	R1-1812132
	Ericsson
	Observation 1
When the MCL is larger, little benefit of energy savings the UE is expected from early termination of NPDCCH.
Observation 2
Unless significant energy saving can be shown by WUS detection early termination, it is not necessary to introduce signalling support to indicate the presence of NRS on an NB-IoT carrier where WUS is configured.
Observation 3
When WUS is not configured, at most 10 NB-IoT DL subframes prior the NPDCCH search space should be transmitted for the UE to perform SINR estimation for early termination. If 10 NB-IoT DL subframes are not enough, additional NRSs should only be transmitted at the beginning portion, which should be signification smaller than Rmax, of the NPDCCH search space to facilitate the UE to estimate the SINR. Otherwise, the UE can simply monitor the entire configured NPDCCH search space.
Observation 4
In some cases, much less NRSs density can be expected, i.e., NRSs can be associated to every Nth PO, where N > 1.
Observation 5
The additional NRSs on the non-anchor carriers are not expected to be used for other purposes, e.g., idle mode mobility measurement for cell selection or reselection.


Proposal 1
Information about whether the 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
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.
Proposal 3
Send LS to RAN4 and ask for input of under each DRX cycle length, 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.



	R1-1812138
	Huawei, HiSilicon
	Observation 1: From network perspective, the impact of the increase of NRS presence should be minor.

Observation 2: If the subset of the POs cannot be the whole set of POs, in some cases (e.g. the gap between POs is large) there would be no suitable NRS for UE to perform measurement when no paging.

Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from network perspective.
Proposal 2: The network can configure the whole set of POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Proposal 3: 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).


	R1-1812540
	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.


	R1-1812715
	MediaTek Inc.
	Observation 1: Overhead and Signalling of subsets of POs with always on NRS is more efficient with subsets of POs from network perspective.

Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from NW perspective.

Proposal 2: Always-on NRS are transmitted in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the CSS Type 1 of the associated PO. 

Proposal 3: NRS always transmitted on associated subframes in a subset of POs are determined from common DRX configuration for paging indicated in SIB.

Proposal 4: The subset of POs with associated subframes with always transmitted NRS can be the whole set of POs by configuration for long eDRX and high paging probability.

Proposal 5: 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.



	R1-1812778
	ZTE
	Proposal 1: Configuration of NRS PO shall be from UE perspective.

Proposal 2: eNB configured NRS PO periodicity. 

Proposal 3:The NRS subframes with respect to PO should adopt the same configuration as the NRS when actual paging is transmitted. 



	R1-1812935
	Nokia, Nokia Shanghai Bell
	Proposal 1: The PO is from network perspective for subframes which will contain NRS even when no paging NPDCCH is transmitted.

Proposal 2: The subset of the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted is based on cell-specific DRX cycle.

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.


	R1-1812950
	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.


	R1-1813051
	Qualcomm Incorporated
	Proposal 1: In the POs that have associated subframes with NRS, NRS is present in 10 valid subframes before the PO, and the N first subframes of NPDCCH search space.


- FFS: value of N

- FFS: whether for the case of WUS additional NRS are needed

Proposal 2: In determining the pattern of POs with NRS, , the following should be taken into account:

1) All UEs see similar % of PO with NRS

For the maximum separation between two POs (from UE perspective) that have NRS, account for

1) Channel variability (i.e., dependent on Doppler).

2) Expected rate of UE measurements

Observation 1: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.

Proposal 3: 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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