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Introduction
In the RAN4#90-Bis meeting, a Way Forward was agreed on RRM impact of R16 enhancements for NB-IoT [1]. Specifically, on NRS presence in non-anchor carriers, the following agreements were made: 
NRS presence on non-anchor carriers

· Define non-anchor carrier serving cell RRM requirements based on NRS measurement on the non-anchor carrier in TS 36.133.
· If configured by the network, serving cell non-anchor carrier measurements are feasible provided that
· the relaxed cell monitoring criteria defined in TS 36.306 are met, and
· transmit power difference of the signals/channels between anchor- and non-anchor carriers is known to the UE, and
· UE is not configured with any positioning measurements and there are sufficient number of NRS subframes available for measurements as being discussed in RAN1
· FFS if the RSRP/RSRQ offset is used to compensate the measurement result towards non-anchor carriers


In addition, an LS from RAN2 [2] was received inquiring RAN4 on RRM measurements in non-anchor paging carrier with questions reproduced here for reference. 
RAN2 has discussed using non-anchor carrier measurements for RRM and has made the following agreement: 

· If RAN4 confirms feasibility, and NRS is present in non-anchor carrier, RAN2 can make use of that for RRM measurements in non-anchor carrier.

RAN2 has following questions to ask RAN4 to make further progress: 
Q1:	Is it feasible to define a parameter similar to the existing nrs-PowerOffsetNonAnchor  (e.g. nrs-NRSRQOffsetNonAnchor) to translate NRSRQ measurements on a non-anchor paging carrier to the equivalent NRSRQ measurements for the anchor carrier? If the answer is yes, would this offset be carrier specific? Note, nrs-PowerOffsetNonAnchor is provided for each non-anchor carrier.
Q2:	Would RAN4 have any concern on allowing the UE to perform serving cell measurements always on the non-anchor paging carrier when NRS presence is enabled or should additional conditions be fulfilled e.g. UE is stationary? 
Q3: 	Assuming that the UE can perform serving cell measurements on the non-anchor paging carrier, can the serving cell measurement relaxation introduced in Rel-15 for WUS also be applied when the UE performs serving cell measurements on the non-anchor paging carrier when WUS is supported on the non-anchor paging carrier?


In this paper, we discuss our views on the LS questions and some of the open issues in this topic. A draft reply to RAN2 LS is also submitted based on these discussions [3].
Discussion
NRSRP/NRSRQ measurement compensation offset: 
Figure 1 illustrates an example of operation with non-ancho carrier. Anchor carrier is used for synchronization and camping. Non-anchor carrier can be used for random-access and paging. Anchor and non-anchor carriers are within the same LTE cell and can be separated by as much as 20 MHz. Hence, non-anchor carrier characteristics such as fading condition, loading, and interference can be quite different from those in anchor carrier. In Figure 1, non-anchor carrier is shown to experience interference compared to anchor carrier. 
NRSRP is the measure of narrowband specific reference signal power within the configured measurement bandwidth. Interference from other sources does not play a role in NRSRP and as such the measured NRSRP in anchor carrier can be translated to NRSRP in non-anchor carrier by adjusting for the power offset of the anchor carrier with respect to non-anchor carrier. The reverse operation is similarly possible. This power offset is broadcast in SI as nrs-PowerOffsetNonAnchor. 
Observation 1. NRSRP measurements on a non-anchor paging carrier can always be translated to the equivalent NRSRP measurements of the anchor carrier using the parameter nrs-PowerOffsetNonAnchor. 


Figure 1 Interference limited non-anchor paging carrier
NRSRQ, however, is the is defined as the ratio NRSRP/NRSSI. The measurements in the numerator and denominator shall be made over the same set of resource blocks (TS 36.214). Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed OFDM symbols of measurement subframes, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. Hence, if the interference from other sources and loading (e.g., different percentage of subframes with NRS in non-anchor carrier or different NPDCCH/NPDSCH traffic levels), NRSRQ of the non-anchor carrier cannot be translated to NRSRQ of the anchor carrier by an offset. 

Observation 2. NRSRQ measurements on a non-anchor paging carrier cannot be translated to the equivalent NRSRQ measurements of the anchor carrier if interference and/or loading (e.g., due to different percentage of subframes with NRS and/or different NPDCCH/NPDSCH traffic levels) are not the same in the non-anchor paging carrier and the anchor carrier. Otherwise, the parameter nrs-PowerOffsetNonAnchor can be used to translate NRSRQ measurements of the non-anchor paging carrier to the equivalent NRSRQ measurement of the anchor carrier.  
Serving cell measurements on non-anchor carrier:
In RAN4#90-Bis meeting, it was agreed that UE can perform serving cell measurements on the non-anchor carrier if configured by the NW and provided that:
· The relaxed cell monitoring criteria defined in TS 36.304 Section 5.2.4.12 are met, and 
· Transmit power difference of the signals/channels between anchor carrier and non-anchor paging carrier is signalled to UE via nrs-PowerOffsetNonAnchor, and
· UE is not configured with any positioning measurements, and
· There are sufficient number of NRS subframes available for measurements in the non-anchor paging carrier 
Regarding the first condition, NRSRP measurement in the non-anchor paging carrier can be used to relax measurement in the anchor carrier for both serving and neighbor cells. Per TS 36.304, the relaxed monitoring cell is as follows:
The relaxed monitoring criterion is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB)
Since Srxlev is a function of NRSRP, it can be compensated by the offset nrs-PowerOffsetNonAnchor as needed to evaluate the relaxed cell monitoring condition. 
Observation 3. In RAN4#90-Bis meeting, it was agreed that UE can perform serving cell measurements on the non-anchor carrier if configured by the NW and provided that:
· The relaxed cell monitoring criteria defined in TS 36.304 Section 5.2.4.12 are met, and 
· Transmit power difference of the signals/channels between anchor carrier and non-anchor paging carrier is signalled to UE via nrs-PowerOffsetNonAnchor, and
· UE is not configured with any positioning measurements, and
· There are sufficient number of NRS subframes available for measurements in the non-anchor paging carrier 
Next, we present our views on number of NRS subframes necessary to make measurements in the non-anchor carrier. The number of subframes with NRS preceding the paging occasion (M) and during paging occasion (N) is still under discussion. We believe determining the proper values of M and N is under the purview of RAN4. Our simulation results show that for low SNR ranges of enhanced coverage mode, M=2 and N=8 subframes with NRS are needed to meet the NRSRP accuracy requirements of +/- 10.3 dB as defined in TS 36.133.
Proposal 1. RAN4 to determine the number of subframes with NRS preceding the paging occasion (M) and during paging occasion (N) to meet the measurement accuracy requirements and also to reliably early terminate NPDCCH.
Observation 4. Sourcing company’s simulation results show that for low SNR ranges of enhanced coverage mode, M=2 and N=8 subframes with NRS are needed to meet the NRSRP accuracy requirements of +/- 10.3 dB as defined in TS 36.133.
Serving cell measurement relaxation on non-anchor carrier when WUS is supported:
In Rel-15, serving cell measurement relaxation on anchor carrier was introduced when WUS has been configured in the serving NB-IoT cell using WUS-Config-NB-r15, and
· The serving cell measurement relaxation is signaled as n by the network using numDRX-CycleRelaxed-r15, and 
· Serving cell S criteria is met with at least [2] dB margin. 
· the relaxed monitoring criteria for neighbour cells in TS 36.304 clause 5.2.4.12.1 is fulfilled

In our view, the same framework and conditions can be applied to non-anchor carrier when WUS has been configured to relax serving cell measurements.
Observation 5. Serving cell measurement relaxation introduced in Rel-15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor paging carrier and WUS is supported on the non-anchor paging carrier.
Conclusions
Observation 1. NRSRP measurements on a non-anchor paging carrier can always be translated to the equivalent NRSRP measurements of the anchor carrier using the parameter nrs-PowerOffsetNonAnchor. 
Observation 2. NRSRQ measurements on a non-anchor paging carrier cannot be translated to the equivalent NRSRQ measurements of the anchor carrier if interference and/or loading (e.g., due to different percentage of subframes with NRS and/or different NPDCCH/NPDSCH traffic levels) are not the same in the non-anchor paging carrier and the anchor carrier. Otherwise, the parameter nrs-PowerOffsetNonAnchor can be used to translate NRSRQ measurements of the non-anchor paging carrier to the equivalent NRSRQ measurement of the anchor carrier.  
Observation 3. In RAN4#90-Bis meeting, it was agreed that UE can perform serving cell measurements on the non-anchor carrier if configured by the NW and provided that:
· The relaxed cell monitoring criteria defined in TS 36.304 Section 5.2.4.12 are met, and 
· Transmit power difference of the signals/channels between anchor carrier and non-anchor paging carrier is signalled to UE via nrs-PowerOffsetNonAnchor, and
· UE is not configured with any positioning measurements, and
· There are sufficient number of NRS subframes available for measurements in the non-anchor paging carrier 
Proposal 1. RAN4 to determine the number of subframes with NRS preceding the paging occasion (M) and during paging occasion (N) to meet the measurement accuracy requirements and also to reliably early terminate NPDCCH.
Observation 4. Sourcing company’s simulation results show that for low SNR ranges of enhanced coverage mode, M=2 and N=8 subframes with NRS are needed to meet the NRSRP accuracy requirements of +/- 10.3 dB as defined in TS 36.133.
Observation 5. Serving cell measurement relaxation introduced in Rel-15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor paging carrier and WUS is supported on the non-anchor paging carrier.
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