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1. [bookmark: _Ref498589690]Introduction 
In the RAN#90 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. Also, several agreements on sending NRS on a non-anchor carrier for paging were made in the last RAN1 meeting as follows:
	Agreement
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

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
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

For further study in future meetings:
RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.

Agreement
The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:
· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.
· FFS: the case for eDRX
· 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.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.
· P4: The POs with NRS are quasi-uniformly/uniformly distributed from 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 RAN1#96bis.


In this contribution, we discuss and provide our view on NRS transmission on a non-anchor carrier for paging.

2. Discussions
In NB-IoT, set of anchor carrier and non-anchor carriers can be used for paging. UE determines its paging carrier based on its UE_ID and weight per carrier which is configured by higher layer. If non-anchor carrier is configured for paging, UE shall monitor type1-CSS on that carrier for the DCI format N2 of which CRC is scrambled by P-RNTI. However, UE has to come back to the anchor carrier at every DRX cycles for RRM measurement. Based on the RRM measurement UE determines whether to reselect NB-IoT cell or not. This feature may bring some inefficiency, due to the frequent retuning of carrier and difference of channel quality between anchor carrier and non-anchor carrier. 
To overcome these problems, sending NRS on non-anchor carrier can be considered. Currently, UE cannot use NRS on non-anchor carrier for measurement purpose, because NRS may not be sent if the paging is not transmitted. In [2], it was proposed, to let NRS available to the UE during a paging occasion regardless of whether a paging is present or received via the non-anchor carrier. If so, UE can assume presence of NRS in some subframes which can be used for measurement Also, NRS on non-anchor carrier can be used for early termination of NPDCCH decoding. If NRS on non-anchor carrier can be used, it can be used for SINR estimation. Based on SINR level, UE can assume required repetition number for NPDCCH decoding; if UE cannot find NPDCCH scrambled by target RNTI, it can stop monitoring search space.
Moreover, enhanced Rel-15 feature should be considered as well. In Rel-15, the WUS (wake up signal) was introduced which can be used for skipping PO(s). If UE did not detect WUS on WUS subframes, then it does not need to be wake up for paging monitoring. However, if the presence of NRS is assumed on POs, then UE has to wake up again at the PO to measure the NRS. This behaviour contradicts the purpose of WUS which is used to avoid unnecessary wake up of the UE. In this case, sending NRS at subframes associated to the WUS occasion could be considered. Moreover, if NRS is transmitted on the subframes at the beginning of the WUS subframes, NRS can be used for early termination of the WUS. Note that power ratio between NRS and WUS was fixed by the CR in a previous meeting to support WUS early termination.
Also, it should be noted that RRM measurement relaxation could be configured for WUS capable UEs. Thus, required NRS transmission period for the WUS capable UE could be relaxed to reduce the overhead.

In another point of view, it should be noted that sending NRS on non-anchor carrier would increase overhead. Especially, in case of in-band same-PCI operation mode, subframes which do not contain NB-IoT traffics could be used for other LTE DL transmissions. Thus, presence of always-on NRS transmission on non-anchor carrier may cause scheduling restriction of other traffics. In this point of view, using CRS instead of NRS could be considered alternatively. Currently, NB-IoT UE on in-band operation mode can assume CRS on NB-IoT subframes where NRS can be assumed. If UE can assume presence of CRS regardless of the NRS assumption, SINR can be estimated using CRS instead of NRS. 
In a previous meeting, it was pointed that impact on the CRS muting should be considered carefully if the presence of CRS transmission assumption is used in in-band same PCI mode. If CRS muting is configure in a LTE cell, UE cannot assume CRS transmission on a subframes where CRS muting is applied. However, the information of CRS muting is not served for NB-IoT UE. Currently, UE can assume CRS transmission only when NRS is transmitted while other subframes is not. So if we would like to use the presence of CRS transmission assumption instead of NRS, specification work is required.  
Proposal 1: Sending NRS for WUS early termination on non-anchor carrier is supported.
· eNB can enable/disable NRS transmission for WUS and NPDCCH separately .
· NRS transmission period can be relaxed for WUS capable UE if the RRM measurement relaxation is configured.
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.
3. Conclusion 
In this contribution, we discuss and provide our view on the NRS transmission on a paging non-anchor carrier for NB-IoT. The proposals of this contribution are summarized as follows.
Proposal 1: Sending NRS for WUS early termination on non-anchor carrier is supported.
· eNB can enable/disable NRS transmission for WUS and NPDCCH separately .
· NRS transmission period can be relaxed for WUS capable UE if the RRM measurement relaxation is configured.
[bookmark: _GoBack]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.
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