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Introduction
At RAN4 #93, RRM measurement aspects for multicarrier operation, as listed in the WI on Additional enhancements for NB-IoT [1] were discussed. In the WF [2], the following agreements and open issues are reflected. 
	Multi carrier operation non-anchor RRM
· UE is allowed to combine the non-anchor NRSRP samples with anchor NRSRP samples
· The anchor NRSRP can be obtained by applying the corresponding power offset signaled by the network to the non-anchor NRSRP.
· FFS for conditions when UE can combine the non-anchor and anchor NRSRP samples
· Any filtered results, either from anchor or non-anchor carrier, can trigger neighbor cell measurement and/or relaxed monitoring abortion.


[bookmark: _Hlk32409651]This contribution discusses the open issue in the first bullet of the WF, as depicted above. 
Discussion
[bookmark: _Hlk32409685]The discussion in this section refers to the open issue in the first bullet of the WF on conditions for combining measurements done on anchor carrier and non-anchor carrier, which also impacts the agreement in the second bullet.
[bookmark: _Hlk32257112]Combining anchor and non-anchor NRSRP samples
The WF allows to combine measurements done on anchor carrier and non-anchor carrier by applying the power offset signalled to the UE. The power offset reflects the difference in transmit power on anchor and non-anchor carrier and hence this difference in transmit power is compensated. The combining of measurements on anchor and non-anchor carrier was discussed at RAN4 #93 based on the scenario [3], that a UE may identify the need to perform re-synchronization on the anchor carrier or fallback due to other purposes while still performing serving cell evaluation  across DRX cycles on the non-anchor carrier.
Aside the difference in transmit power on both carriers, a difference in the NRSRP samples for both carriers may originate from different path loss conditions for anchor carrier and non-anchor carrier. The path loss may be different 
· due to frequency selective fading of the radio channel, in case the channel bandwidth is smaller than the coherence bandwidth of the radio channel and 
· due to high intra- and intercell interference for one of the carriers, which will degrade NRSRP estimation (e.g. in the scenario of large channel separation in frequency).
Furthermore, the UE may be in noise limited condition at the cell boundary or even in extreme coverage. Then NRSRP samples taken for both carriers could differ significantly. 
If we assume that NRSRP evaluation serves for triggering neighbour cell measurements for cell reselection and for start / abortion of the relaxed monitoring mode, then the combination of NRSRP samples from both carriers should improve measurement accuracy and thus allowed only conditionally. 
Two cases are distinguished.
1) Normal coverage 
Assuming normal coverage of the UE, the combination of NRSRP samples from anchor and non-anchor carrier should thus not be allowed, if a significant path loss difference is detected by the UE. To this purpose the UE should compare measurements on anchor and non-anchor carrier, adding to the latter the signalled power offset of the anchor carrier (in logarithmic scale) for a given measurement period. Either concurrent measurements in the same subframes are done or subframe interlaced measurements between anchor and non-anchor carrier. 
If the inequation 
| NRSRP (anchor) – (NRSRP (non-anchor) + Power_offset_anchor) | < THR_NRSRPMC_COMB          (1)
is not satisfied, then the UE should refrain from performing a combination of NRSRP samples from anchor and non-anchor carriers. It is noted that this condition for combining NRSRP samples from anchor and non-anchor carriers has been discussed in [4]. 
The above threshold THR_NRSRPMC_COMB for combining NRSRP samples in multicarrier operation could have a fixed value such as 2 or 3 dB, alternatively it is signalled by the network to allow network control related to measurement accuracy. For example, the network may temporarily disallow combination of NRSRP samples from anchor and non-anchor carrier by signalling 0 dB. Thus, the signalling option is preferred.
Otherwise if above inequation (1) is satisfied, then combination of NRSRP samples is possible and is based on signalled power offset for anchor carrier. 
2) Enhanced coverage
In enhanced coverage (large CE), the receiver is considerably impacted by noise, and hence high variation of NRSRP measurements taken on either carrier is expected. In this case a combination of NRSRP samples from both carriers, applying the signalled power offset, may be beneficial to improve the measurement accuracy. Thus, the target coverage range as part of the enhanced coverage range in terms of SINR should be identified. The UE then determines that it is in extreme coverage and allowed to combine NRSRP samples from both carriers. 
From above discussion, it is proposed to modify the above first bullet as follows:
· UE is allowed to combine the non-anchor NRSRP samples with anchor NRSRP samples
· The anchor NRSRP can be obtained by applying the corresponding power offset signaled by the network to the non-anchor NRSRP.
· The UE can combine the non-anchor and anchor NRSRP samples,
· if the UE determines to be in extreme coverage (evaluation criteria FFS), or
· if the comparison of NRSRP samples between anchor and non-anchor carrier, taken during the same measurement period and accounting for the signal power offset, yields a difference within a predefined margin. 
Therefore, the following proposals are made:
The UE is allowed to combine the non-anchor and anchor NRSRP samples with signalled power offset compensation, if it determines to be in enhanced coverage (evaluation criteria FFS). 
If the UE determines to not be in enhanced coverage, it is allowed to combine the non-anchor and anchor NRSRP samples with signalled power offset compensation only, if the measurement combining criterion is fulfilled (i.e. the comparison of NRSRP samples between anchor and non-anchor carrier, taken during the same measurement period and accounting for the signal power offset, yields a difference within a predefined margin according to inequation (1)).
The network signals the predefined margin THR_NRSRPMC_COMB to the UE as part of the RRC reconfiguration command details. A 2-bit value is appropriate with 4 code points, e.g. {0 dB, 2 dB, 3 dB, 6 dB}.	

Triggering neighbour cell measurements and relaxed monitoring mode abortion 
The above consideration impacts as well on the latter aspect listed in the WF.
· Any filtered results, either from anchor or non-anchor carrier, can trigger neighbor cell measurement and/or relaxed monitoring abortion
Two cases are distinguished.
1) Normal coverage 
In case NRSRP samples from anchor and non-anchor carrier differ more than what is allowed for combining NRSRP samples of anchor and non-anchor carrier, i.e. inequation (1) is not satisfied, then triggering neighbour cell (NC) measurements, i.e. for the purpose of cell reselection, should only be done based on filtered NRSRP samples from the anchor carrier. 
In relaxed monitoring mode, the UE is not required to perform intra-frequency or inter-frequency measurements according to relaxed monitoring requirements specified in TS 36.304, subclause 5.2.4.12. Thus, it is not mandated to monitor neighbour cells and will stay on the serving cell, i.e. typically on the non-anchor carrier in case of multicarrier operation for power saving reason (although it may also monitor the anchor carrier) and evaluate the relaxed monitoring criterion according to TS 36.304, subclause 5.2.4.12.1. Only if the relaxed monitoring criterion is not fulfilled, then the UE is mandated to leave the relaxed monitoring state and return to normal monitoring state, monitoring at least the anchor carrier. Hence the evaluation in relaxed monitoring mode is mostly based on filtered NRSRP samples from the non-anchor carrier and it may be complemented by NRSRP samples from anchor carrier, and both sets of NRSRP samples are to be kept separate by the UE to identify the variation over time. Hence in the case of evaluating abortion of relaxed monitoring mode, the above statement is true.  
2) Enhanced coverage
In enhanced coverage (large CE), the same reasoning applies as given in section 2.1, and hence combining NRSRP samples from both carriers with power offset compensation to one measurement result should be allowed.
Thus, it is proposed to modify the above bullet in the WF to distinguish between operation in normal monitoring mode and relaxed monitoring mode. 
If the UE determines to be in enhanced coverage (evaluation criteria FFS), any filtered results, either from anchor or non-anchor carrier or both, can trigger NC measurements or relaxed monitoring abortion.
If the UE determines not to be in enhanced coverage, any filtered results, either from anchor or non-anchor carrier can trigger NC measurements or relaxed monitoring abortion, in case the measurement combining criterion according to Proposal 1 is fulfilled, otherwise the UE is required to only use NRSRP samples from anchor carrier in case of triggering NC measurements.
Conclusion
This contribution has discussed two open issues for measurement processing in NB-IoT multicarrier operation as included in [1]
· on the conditions for combining anchor and non-anchor NRSRP samples and
· on the impact of combining anchor and non-anchor NRSRP samples to triggering neighbour cell measurements and relaxed monitoring mode abortion.
Following proposals for agreement are made:
1. The UE is allowed to combine the non-anchor and anchor NRSRP samples with signalled power offset compensation, if it determines to be in extreme coverage (evaluation criteria FFS). 
If the UE determines to not be in extreme coverage, it is allowed to combine the non-anchor and anchor NRSRP samples with signalled power offset compensation only, if the measurement combining criterion is fulfilled (i.e. the comparison of NRSRP samples between anchor and non-anchor carrier, taken during the same measurement period and accounting for the signal power offset, yields a difference within a predefined margin according to inequation (1)).
The network signals the predefined margin THR_NRSRPMC_COMB to the UE as part of the RRC reconfiguration command details. A 2-bit value is appropriate with 4 code points, e.g. {0 dB, 2 dB, 3 dB, 6 dB}.	
If the UE determines to be in enhanced coverage (evaluation criteria FFS), any filtered results, either from anchor or non-anchor carrier or both, can trigger NC measurements or relaxed monitoring abortion.
If the UE determines not to be in enhanced coverage, any filtered results, either from anchor or non-anchor carrier can trigger NC measurements or relaxed monitoring abortion, in case the measurement combining criterion according to Proposal 2 is fulfilled, otherwise the UE is required to only use NRSRP samples from anchor carrier in case of triggering NC measurements.
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