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1 Introduction
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:

Improved multi-carrier operation:

· 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 RAN1#94b, the following agreements were reached:

Agreement
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

Agreement
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
Agreement

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

Agreement

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M
Agreement 

The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
2 Density and length of NRS in one PO
In RAN1#95 it was agreed that NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space. The number of subframes with NRS should be enough to accurately estimate the SNR (e.g. for early termination and/or measurements, if introduced). Thus, these number should be studied by RAN4. 
Proposal 1: Send LS to RAN4 to inform them of the agreement on the number of subframes (N,M) in a PO, and ask for feedback regarding these values.
3 Principles for decimation pattern (Network vs UE side)
In previous meetings, it was agreed that only a subset of POs will have NRS. It was further discussed whether these decimations are “from network perspective” or from “UE perspective”.
In our view, RAN1 should not discuss whether the decimation is from the UE side or network side – it should just define a pattern to determine which POs have NRS and which ones do not have NRS under some general principles. The general principles should be as follows:

- P1: Fairness: All UEs should see the same fraction of POs with NRS. This is desired to avoid different UE_ID having different performance.

- P2: Uniformity from UE perspective: At least for integer decimation patterns (e.g. 1 out of 2, 1 out of 3, etc.), the NRS with PO are equally spaced. This is desirable to be able to properly dimension the decimation pattern with respect to Doppler, measurement reporting, DRX cycle, etc.

- P3: Quasi-uniformity from network perspective: From network perspective, the POs with NRS should look approximately uniformly distributed (in most cases it is impossible to be exactly uniformly while meeting P2) spaced while meeting . This is to allow a UE that does not have NRS in its own PO to wake up a bit earlier and measure another UE PO.

Proposal 2: The pattern for POs that contain NRS is based on the following principles:


- P1:All UEs see the same fraction of POs with NRS.


- P2: The POs with NRS are uniformly spaced from UE perspective.


- P3: The POs with NRS are quasi-uniformly spaced form network perspective.
In Figure 1 we present one example of why decimation from UE perspective or network perspective does not meet these principles. There are 4 UE groups (i.e., nB=4), and there is a decimation factor of 2 (i.e., 50% of the POs have NRS, 50% do not). POs with an “X” contain NRS, POs without an “X” do not.

We show the following options:
- Option 1 Decimation from UE perspective: This pattern meets P1 and P2, but not P3.  For example, if a UE in G3 (blue) does not have NRS in its own PO, the previous PO with NRS is the one corresponding to G3 in the previous DRX cycle.
- Option 2 Decimation from network perspective: This pattern meets P3, but not P1 or P2. Essentially, G0/G2 have 100% of NRS, and G1/G3 0% of NRS.

Against these two proposals, the option marked as “Desired” meets the three principles: each group is uniformly spaced from UE perspective, all groups get the same % of POs, and the maximum separation between two consecutive POs with NRS is two POs (Option 1 has a maximum separation of 4 POs).

Note that the “desired” option is essentially a decimation from a UE perspective where the sequence of ON/OFF between the different groups has a relative offset. 
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Figure 1 Decimation patterns for NRS

Observation 1: Trivial downsampling from UE or network perspective has the following issues:


- Downsampling from UE perspective: Bursty presence of NRS – does not allow for early wake-up.


- Downsampling from network perspective: Unfairness
4 Interaction with WUS

In RAN1#95, 4 different options were listed as potential solutions for interaction of NRS and WUS:
- Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination: This solution implies that, once the network enables NWUS, automatically the NRS in NPDCCH will be off – this solution is not acceptable, since it is not expected that all UEs will implement NWUS.

- Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination: This solution, although may be acceptable from a purely theoretical point of view, does not bring any savings in a realistic scenario: it is expected that there will be WUS-capable and WUS-incapable UEs in the same PO being paged together, so the network shall transmit NRS – the fact that some UEs are not allowed to use this NRS does not bring any interference advantage. 
- Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination: This solution allows flexibility to the network to trade-off between power savings and generated interference.

- Alt4: NRS is always associated with NPDCCH for paging: This option implies that SNR estimation for NWUS is disabled (or requires additional wake-ups). Although the savings for NWUS are much lower than those for NPDCCH (due to the smaller number of repetitions), this option should not be followed unless there are time constraints in RAN1.
Thus, we make the following proposal.

Proposal 3: For interaction of NRS and NWUS, down-select among:

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

5 Interaction with CRS

For in-band deployments, in most cases the LTE eNB needs to transmit CRS most of the time. Current NB-IoT specification does not allow the UE to assume presence of CRS in the subframes that do not contain NRS. Thus, it may be beneficial for the eNB to allow the UE to use CRS and avoid sending additional NRS- especially in cases where the NRS-CRS power boost is small.
Proposal 4: For in-band deployments, enable use of CRS in non-anchor carrier even when NRS is not present.


FFS: Details
6 Enabling measurements in non-anchor carriers
When UE has paging occasion (PO) on non-anchor carrier then UE still has to perform measurements on anchor carrier for radio resource management (e.g. serving cell suitability checking, to determine if neighbour cell measurements need to be performed, to determine if cell reselection needs to be performed). Switching between anchor and non-anchor carriers and sequentially performing paging reception and measurements prolongs the UE active state. The end result is that two identical UEs served by the same cell and same coverage level will show different battery life depending on which carrier they monitor for paging.

Sourcing company has done some evaluations when large percentage of measurements are done on the same carrier as that used for paging while a small percentage of measurements done on the anchor carrier and the results are shown in Table 1. There is a need to periodically do search on anchor carrier to maintain frequency accuracy, so the results include periodic retuning to the anchor carrier to do so. 
Table 1 Relative power consumption of making measurements in non-anchor vs in anchor
	MCL (dB)
	Relative power consumption (%)

	144
	37

	154
	50

	164
	39


The evaluation assumes WUS and DRX cycle of 1.28s. 
Observation 2: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
Proposal 5: For the objective of presence of NRS in non-anchor carrier, consider the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

7 Summary

In this contribution we presented our views on usage and specification impact of enabling presence of NRS in non-anchor carriers for paging. We made the following observations and proposals:

Proposal 1: Send LS to RAN4 to inform them of the agreement on the number of subframes (N,M) in a PO, and ask for feedback regarding these values.

Proposal 2: The pattern for POs that contain NRS is based on the following principles:


- P1: All UEs see the same fraction of POs with NRS.


- P2: The POs with NRS are uniformly spaced from UE perspective.


- P3: The POs with NRS are quasi-uniformly spaced form network perspective.

Proposal 3: For interaction of NRS and NWUS, down-select among:

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

Proposal 4: For in-band deployments, enable use of CRS in non-anchor carrier even when NRS is not present.


FFS: Details
Observation 2: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
Proposal 5: For the objective of presence of NRS in non-anchor carrier, consider the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.
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