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1 Introduction
In RAN  #80 meeting, a new WID RP-181451 [1] was agreed to Rel-16 NB-IoT enhancement. The following objective  on multi-carrier enhancement were made [1]:
·  Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

In this contribution, we discuss NRS presence issue on non-anchor carriers from RAN1 perspective.

2 Discussions
The issue of NRS presence on non-anchor carrier has been discussed many times in previous ran1 meetings. First of all, the UE could utilize NRS for the following purposes:
1. Channel estimation for decoding NPDSCH/NPDCCH. Note usually presence of NRS before the actual NPDCCH/NPDSCH transmission is preferred so the UE could use these NRS to warm up the channel estimator.

2. Time/frequency tracking and adjustment. For NB-IoT UE since the low cost is the most important design considerations , UE are more prone to larger time /frequency offset unless they have more references to correct, especially when they are in enhancement coverage mode.
3. Mobility measurement. For the UE configured to monitor paging on non-anchor carrier, it would be desirable the mobility measurement can be implemented also on non-anchor carrier ,therefore eliminate the unnecessary switching between anchor and non-anchor carriers.
In Rel-13, it has been agreed that NRSs should only be present on non-anchor carriers only when there is traffic, either control or data signal, that needs to be sent to the NB-IoT UEs. This is mainly due to the concern that having NRS transmission always on the non-anchor carrier would increase the power consumption of the network and restrict the flexibility to dynamically share resources between LTE and NB-IoT. 
In Rel-14, enhancement has done for multi-carrier PRB operation and it was agreed that paging PRB can be on either anchor or non-anchor PRB:

· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID

· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.

To facilitate tracking and channel estimation for non-anchor PRB paging, it was further agreed that UE can make some assumption regarding the presence of NRS before and after the transmission of NPDCCH/NPDSCH/RAR.

· For RAR monitoring, the UE can assume that NRS are present in subframes {0,4,9} for in-band, {0,1,3,4,9} for standalone/guard-band, and valid DL subframes at least during the following:

· 10 valid subframes before the start of each Type-2 CSS in the RAR window

· 4 valid subframes after the end of each Type-2 CSS in the RAR window

· 4 valid subframes prior to the first subframe of the NPDSCH carrying RAR messages and until 4 valid subframes after the NPDSCH.

· On a non-anchor carrier, the UE can assume that NRS are present from 10 valid subframes prior to the first subframe of the type-1 CSS, in the NPDCCH candidate in which UE finds a DCI scrambled by P-RNTI, and until 4 valid subframes after

· It is proposed that on a non-anchor carrier, a UE can assume that the NRS will be in SFs, starting from 4 valid subframes prior to the first subframe of the NPDSCH carrying paging messages and until 4 valid subframes after the NPDSCH.

· On a non-anchor carrier, the NRS presence assumptions for monitoring Type-1A CSS and Type-2A CSS are that NRS are present for 10 valid subframes prior to the first subframe of the search space, until 4 valid subframes after the end of the search space

· On a non-anchor carrier, the NRS presence assumptions for receiving NPDSCH carrying SC-MCCH and SC-MTCH are that NRS are present for 4 valid subframes prior to the first subframe of the NPDSCH carrying paging messages and until 4 valid subframes after the NPDSCH

The intention of the above agreement is partly to avoid  ‘always-on’ like NRS transmission on non-anchor PRB, therefore reducing eNB power consumption and potential interferences. The agreement improves UE power consumption and decoding performance on non-anchor channel. However, the UE has to differentiate between real reference signal with actual NPDCCH transmission and ‘false’ NRS that is accompanied by an actual NPDCCH transmission. This complicate the UE synchronization and tracking implementation and will also bring adverse impact.
It will be desirable to have an ‘always-on’ NRS transmission, in the scenario when eNB is not constraint by power consumption and inter-cell interference is relatively benign. This will benefit non-anchor paging monitoring performance. Also, it could potentially improve UE power consumption for mobility measurement. Since without always-on NRS transmission, the UE monitoring paging on one particular non-anchor carrier has to retune to the anchor carrier for measurement and time frequency tracking, therefore increasing the UE power consumption. 
As discussed above, NRS presence assumption on non-anchor carriers should take NRSRP/NRSRQ measurement and time frequency tracking issue into account. If always-on NRS transmission is assumed on non-anchor carrier, NRSRP/NRSRQ measurement and timing frequency tracking can be done in non-anchor carrier. In the case that anchor and non-anchor PRB has different power, the power offset information which is already signaled need to be used.  
When the network has available resources for NRS transmission, eNB should be able to configure always-on NRS transmission for any non-anchor carrier to avoid UE power consumption caused by retuning. On the other hand, if eNB does not has resources , NRS transmission on a non-anchor paging carrier can be configured as ‘Not always-on’ which can reduce the scheduling limitation on legacy LTE.  The configuration can be signaled via SIB.
Proposal 1: eNB configured always-on NRS transmission on a non-anchor carrier shall be considered.
3 Conclusions
In this contribution, we have provided our considerations on NRS presence on non-anchor carrier for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1: eNB configured always-on NRS transmission on a non-anchor carrier shall be considered.
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