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1. [bookmark: _Ref498589690]Introduction 
[bookmark: _GoBack]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[3]. List of agreements in the last RAN1 meeting are as follows:
	Conclusion
There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16.

[bookmark: _Hlk5805297]Agreement
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB

Agreement
For the NRS pattern: Define detailed pattern of (M,N) depending on the value of nB:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
where X is a fixed value which will be determined in RAN1#97.


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.
In previous meeting, some principles for decimation pattern were agreed as described in section 1. In NB-IoT, every PF has a PO at subframe number #9 in any nB value. Thus, as a reference point which have NRS subframes even when no NPDCCH is transmitted, using POs at subframe number #9 is reasonable. Note that UEs which are associated POs at other subframe number can use NRS subframes of POs at subframe #9 if appropriate length of NRS subframes (M, N) is configured. Figure 1 shows on example of proposal 1. In this example, M for nB>T is 8 while M is 6 when nB≤T. We set N=0 to reduce the overhead due to the NRS assumption. 
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[bookmark: _Ref7817874]Figure 1

Proposal 1: Every POs which are located on subframe number #9 have subframes with NRS even when no NPDCCH is transmitted.
· NRS is only present in the first M subframes out of the 10 NB-IoT DL subframes before the PO.

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. 
It should be noted that same decimation pattern can be applied for CRS assumption to reduce the negative impact on LTE system. 
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. 


Figure 2

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.
· Decimation pattern for NRS transmission can be reused.
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: Every POs which are located on subframe number #9 have subframes with NRS even when no NPDCCH is transmitted.
· NRS is only present in the first M subframes out of the 10 NB-IoT DL subframes before the PO.
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.
· Decimation pattern for NRS transmission can be reused.
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