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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 this contribution, we consider this issue.
2 NRS on Non-Anchor Carrier
Currently, the UE can assume the presence of NRSs on non-anchor carrier for paging as follow –

When an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI, the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI. If the DCI with CRC scrambled by the P-RNTI schedules a NPDSCH, the UE may assume NRSs are transmitted in the NB-IoT DL subframes carrying the NPDSCH as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH.
The presence of NRSs in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes is only when paging DCI is transmitted. Therefore, if there is no paging message being transmitted, the eNB does not need to transmit the NRS as there will not be a risk of UE missing the paging message. This reduces the NRS overhead, especially if the non-anchor carrier is used mostly to enhance paging capacity.
From a UE perspective, NRS is used for time-frequency tracking, measurements, and channel estimation. Currently, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-IoT downlink subframes and shall not expect NRSs in other downlink subframes. Therefore, these subframes can be used for time-frequency tracking. The additional NRS in subframes prior and after to the NPDCCH are likely used for channel estimation and potentially for measurement but are not required for time-frequency tracking. Furthermore, the UE can perform measurement and time-frequency tracking using the anchor carrier as well.
In Rel-16, however, 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. Naturally, this signaling should be broadcast as part of SIB-NB of paging 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 configuration.
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 one paging opportunity within the DRX cycle if there is no paging for the UE. This will still allow the UE to do measurement if needed but there would be no need for the eNB to send NRS on every paging opportunity. 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, when NRS is to be transmitted, it would be best to send the same number of NRS subframes with respect to paging 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 and 4 NB-IoT DL subframes after Type-1 CSS.
Proposal 3: When indicated, the UE may assume NRS are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after 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 configuration.
Proposal 2: eNB can indicate presence of NRS only on a subset of paging opportunities via SIB-NB configuration.
Proposal 3: When indicated, the UE may assume NRS are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after Type-1 CSS.
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