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Discussion and decision
1 Introduction
The Rel 16 work-items for NB-IoT enhancements include the following objective for Improved Multi-carrier Operation [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] 
RAN2 sent LS to RAN4 and RAN4 provided initial answers to some of the questions in [4] and further answers in [5]. This paper takes into consideration their responses and proposals updated accordingly.

2 Power saving
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. The results in Table 1 show the following ratio as a percentage:

Relative power consumption = ‘power consumed on non-anchor carrier’/ ‘power consumed on anchor carrier’
Table 1 Relative power consumption
	MCL (dB)
	Relative power consumption (%)

	144
	37

	154
	50

	164
	39


The evaluation assumes WUS and DRX cycle of 1.28s. 
Observation: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
In previous releases, measurements in non-anchor carrier are not possible because NRS is not guaranteed to be present (NRS is only transmitted when paging is present). The Rel-16 objective of “guaranteed NRS in non-anchor” would enable the possibility of performing the measurements in non-anchor. Given the power savings of making measurements in same anchor carrier as paging reception, we make the following proposal.

Proposal 1:
For the objective of presence of NRS in non-anchor carrier, RAN2 specify the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

3 Potential solution
Currently measurement on anchor carrier underpins the following:

· Suitability of serving cell
· Coverage level determination in idle mode
· Trigger to perform inter- and/or intra-frequency neighbour cell measurements.

· Trigger to perform cell reselection.

· Determine relaxed monitoring state
In the following, we present a technique to mimic the aforementioned operations in the non-anchor carrier.

3.1 Use non-anchor carrier measurements only
UE determines cell suitable for selection  based on the NRSRP and NRSRQ measurements done on its anchor carrier and cell reselection based on the NRSRP measurements done on its anchor carrier (see [3]). RAN4 has confirmed feasibility of NRSRP measurements on non-anchor carrier based on NRS (i.e. non-anchor carrier NRSRP can be translated to anchor carrier NRSRP by using the power offset (nrs-PowerOffsetNonAnchor-r14) provided in SIB22-NB. But RAN4 confirmed it is not feasible to translate non-anchor carrier NRSRQ to anchor carrier NRSRQ.
After UE has selected or reselected a cell and determined that it needs monitor paging on non-anchor carrier it then performs majority of the serving cell measurements on non-anchor carrier while minority of searches/measurements done on the anchor carrier to maintain frequency sync. It is possible that non-anchor carrier is using a different power level than the anchor carrier and UE can know this from parameter nrs-PowerOffsetNonAnchor-r14 provided in SIB22-NB. UE can use this configured nrs-PowerOffsetNonAnchor-r14 to convert non-anchor carrier measurements to equivalent anchor carrier measurement and use this to perform the operations requiring serving cell measurements.
In [4] RAN4 has confirmed that it is feasible to use NRSRP measurements from non-anchor carrier for RRM provided:

· Relaxed monitoring criteria is meet.

· eNB signals transmit power difference between anchor carrier and non-anchor carrier.

· No positioning measurement configured.

· There are sufficient number of NRS subframes available for measurements.

There are two Relaxed monitoring criteria defined in RAN1/2 specification:

1. Relaxed neighbour cell monitoring. This procedure only relies on NRSRP of the serving cell hence NRSRP measurements done on the non-anchor carrier can be used.

2. Relaxed serving cell monitoring. This procedure relies on, in addition to other aspects, NRSRQ. Since non-anchor carrier NRSRQ can not be translated to serving cell NRSRQ then NRSRQ on non-anchor carrier is necessary.
From the 4 conditions above only last condition is awaiting RAN1 decision.

Proposal 2:
Provided conditions set by RAN4 are meet, a UE camped on a cell and monitors non-anchor carrier for paging UE can perform serving cell NRSRP measurements on non-anchor carrier.
Proposal 3:
Use parameter  nrs-PowerOffsetNonAnchor-r14 to translate non-anchor carrier NRSRP measurement to equivalent anchor carrier NRSRP measurement for use in procedures requiring anchor carrier NRSRP measurement.

Proposal 4:
E-UTRAN configures in broadcast messages if UE is allowed to use NRSRP measurements on non-anchor carrier for RRM procedures that do not require NRSRQ.

3.1.1 Rules for performing measurements on non-anchor carrier only

One issue with the earlier proposals is how to define when UE can stop measurement on anchor carrier and rely solely on non-anchor carrier measurements. When radio conditions are changing then UE performs neighbor cell measurements anyway to look out for a better cell hence there will be limited power saving if UE performs measurements on anchor carrier in addition to paging on non-anchor carrier. But significant power saving can be achieved when UE performs measurements on the serving cell only (as demonstrated in §2). Therefore, it makes sense to link relaxing of measurements on anchor carrier to the relaxed measurement mechanism introduced in Release 14. For this sourcing company make the following proposals:

Proposal 5:
While relaxed monitoring criterion is not meet, UE performs NRSRP measurement at least on anchor carrier.

Proposal 6:
While relaxed monitoring criterion is meet, UE may perform NRSRP measurements on non-anchor carrier only.

Note: With proposal 7, UE may still perform search/measurement on anchor carrier for frequency synchronization and the rate at which this is done is UE dependent.
Proposal 8:
While UE performs measurements on non-anchor carrier, it may occasionally perform search/measurement on anchor carrier for the purpose of frequency synchronization.

Summary

This paper considers the justification and potential solutions for using measurements performed in non-anchor carrier for the purpose of radio resource management (RRM). Sourcing company makes the following proposals:
Observation:
Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
Proposal 1:
For the objective of presence of NRS in non-anchor carrier, RAN2 specify the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

Proposal 2: Provided conditions set by RAN4 are meet, a UE camped on a cell and monitors non-anchor carrier for paging UE can perform serving cell NRSRP measurements on non-anchor carrier.
Proposal 3: 
Use parameter nrs-PowerOffsetNonAnchor-r14 to translate non-anchor carrier NRSRP measurement to equivalent anchor carrier NRSRP measurement for use in procedures requiring anchor carrier NRSRP measurement.

Proposal 4: 
E-UTRAN configures in broadcast messages if UE is allowed to use NRSRP measurements on non-anchor carrier for RRM procedures that do not require NRSRQ.

Proposal 5:
While relaxed monitoring criterion is not meet, UE performs NRSRP measurement at least on anchor carrier.

Proposal 6:
While relaxed monitoring criterion is meet, UE may perform NRSRP measurements on non-anchor carrier only.

Proposal 8:
While UE performs measurements on non-anchor carrier, it may occasionally perform search/measurement on anchor carrier for the purpose of frequency synchronization.
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