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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#94bis, 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 SIB.

· 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

· 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.
In addition, it was 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.

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.
In RAN1#94bis, it was agreed that this feature will be enabled by SIB. 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. Therefore, in RAN1#94bis it was agreed that only a subset of POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Several issues, however, remain to be decided –

· Whether the PO is from UE or network perspective.

· Configuration of subset of POs to transmit NRS.

· Which subframes associated with the PO to transmit NRS (including number and location).
Note that, in RAN1#94bis, it was 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.
The first issue is with respect to whether the PO is from UE perspective or network perspective. Network perspective means all POs within the DRX cycle regardless of the UE group, while UE perspective would refer to only the POs that the UE is monitoring. This is illustrated in Figure 1.
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Figure 1. POs from network and UE perspective.

It has been agreed that the eNB can only transmit NRS on a subset of POs. Since each UE only monitor one PO within a DRX cycle, it’s natural then to tie the subset of POs to the DRX cycle. However, if PO is defined from a UE perspective, the eNB does not know the value of UE-specific DRX cycles for UEs that it may have to page in the cell. Therefore, it makes more sense to define the PO from the network perspective. 
Proposal 1: The PO is from network perspective for subframes which will contain NRS even when no paging NPDCCH is transmitted.

As discussed, it’s natural then to tie the subset of POs to the cell-specific DRX cycle. For instance, NRS may be transmitted every other DRX cycle, every fourth DRX cycle, or on every DRX cycle. UEs that have been configured with UE-specific DRX cycle would still know the cell-specific DRX cycle and can determine the presence of NRS accordingly.

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.

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: 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.
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