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Discussion and Decision
1 Introduction

In Rel-16, it was agreed to specify signaling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted. In RAN1#94, the following agreements were made –

· 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 this contribution, we consider this issue further.
2 NRS on Non-Anchor Carrier
In RAN1#94, it was agreed to consider the use case of early termination for NPDCCH/WUS for supporting NRS even when no paging NPDCCH is transmitted. The other use case is for improving measurements for mobility/RRM, however this may not have RAN1 specification impact and therefore not considered here.
Furthermore, it has been agreed to indicate the presence of NRS for non-anchor carriers by broadcast signaling.  Naturally, this signaling should be broadcast as part of SIB-NB of paging / WUS configuration. 
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.
In this case, if the feature is configured, NRS may need to be transmitted on every NPDCCH or WUS occasion to provide maximum power saving. However, this may lead to large amount of overhead. To minimize overhead, it may not be necessary for the NRS to be transmitted in every paging opportunity. For instance, it may be possible to send NRS only in few paging opportunities within the eDRX cycle if there is no paging for the UE. This will still allow the UE to do measurements or early termination if needed but there would be no need for the eNB to send NRS on every paging opportunity. Furthermore, UE may have sufficient information about the operating SNRs from just one NRS transmission for early determination in subsequent paging opportunities. This saves a significant amount of overhead as subframes with NRS cannot be used for LTE and may also save some power as subframes can be turned off.
Proposal 2: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration.
Naturally, if NRS is to be transmitted for early WUS termination, it should be transmitted on subframes configured for WUS transmission. It is FFS whether the NRS should also be transmitted on a few subframes before the start of the WUS. Furthermore, NRS needs to be transmitted only a subset of subframes configured for WUS as this is to be used for early termination. For instance, if WUS is configured for 64 subframes, NRS may need to be transmitted only on 32 subframes.
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.
For UE that is not configured with WUS (or does not support WUS), when NRS is to be transmitted, it would be best to send the same number of NRS subframes with respect to when UE is paged as UE does not know whether paging would be transmitted or not.  Otherwise the UE will have to handle two different possibilities. Therefore, it is proposed that the UE may also assume NRS are transmitted 10 NB-IoT DL subframes before. If the NPDCCH is transmitted, NRS would need to be transmitted 4 NB-IoT DL subframes after Type-1 CSS. However, if the NPDCCH is not transmitted, only sufficient number of NRS subframes are needed for early termination. Therefore, NRS is only needed on a subset of subframes configured for Type-1 CSS. In addition, since it is already sent on 10 NB-IoT DL subframes prior to Type-1 CSS, the number of subframes with NRS during CSS can be significantly less.
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.
3 Conclusions

In this contribution, we consider signaling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted and make the following proposals –
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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