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Introduction
At RAN4 #94-e, the discussion on RRM measurement aspects for multicarrier operation, as listed in the WI on Additional enhancements for NB-IoT [1] was continued. In the WF [2], the following agreements and open issues on the aspect of filtering and combining of RRM measurements in multicarrier operation are reflected. 
	Filtering and combination of samples between anchor carrier and non-anchor carriers
· The issue will be discussed in RAN4-95e based on the option 2b, which is 
· NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor without any conditions or prerequisites, provided that the UE is in enhanced coverage (SINR < -6 dB).
· NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor, provided that
· the UE is in normal coverage (SINR ≥ -6 dB) and 
· 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 margin M (FFS if a fixed predefined value or a value signaled by the network should be applied).


[bookmark: _Hlk32409651]This contribution investigates the open issue on proceeding for UE in normal coverage. 
Discussion
[bookmark: _Hlk32409685]The discussion in this section refers to the open issue in the WF on conditions for combining measurements done on anchor carrier and non-anchor carrier for UE in normal coverage.
[bookmark: _Hlk32257112]Combining anchor and non-anchor NRSRP samples in normal coverage 
The previously approved WF at RAN4 #93 [3] allows to combine measurements done on anchor carrier and non-anchor carrier by applying the power offset signaled 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 [4], 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).
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 signaled power offset of the anchor carrier (in logarithmic scale) for a sufficient long measurement period comparable to that for serving cell evaluation. 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) | < M          (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 also been discussed in [5] and [6]. 
Otherwise if above inequation (1) is satisfied, then combination of NRSRP samples is possible and is based on signaled power offset for anchor carrier. 
Two items are for further discussion: 
1) the measurement procedure for comparison of anchor and non-anchor RSRP and 
2) the setting of margin M. 
These are discussed in the following.
	Measurement procedure for comparison of anchor and non-	anchor RSRP 
It was argued during RAN4 #94-e [7], that a large variation of NRSRP can also occur on anchor carrier only measurements at subsequent DRX cycles. While this is true, the anchor carrier may experience different interference conditions than the non-anchor carrier (e.g. experiencing worse conditions). Thus, combining NRSRP from both carriers in this case will degrade NRSRP estimation for a considerable time period. This issue was previously discussed in context of NRSRQ translation from non-anchor to anchor carrier. In our view the comparison between anchor and non-anchor carrier measurement, in order to remove fast fading component, will require more than 2 measurement samples, as specified for serving cell evaluation in TS 36.133, subclause 4.6.2.1, referred to in [7], which is done at least every DRX cycle. However, the frequency of this comparison between NRSRP measurement samples from both carriers could be significantly lower than that for serving cell evaluation, in case of shorter DRX cycles.
We propose to use at least 3 samples from each carrier for the comparison in order to lower the impact from frequency selective fading. For comparison of anchor carrier and non-anchor carrier measurements, minimum 6 samples need to be taken, which should be done in interlaced way between the carriers along DRX cycles, i.e. over 3 DRX cycles if at least two measurements per DRX cycle are assumed. After the positive comparison, the UE is allowed to stay on the non-anchor carrier until the next comparison takes place.
The comparison needs to be done with a certain periodicity T, that does not depend on the actual DRX cycle length. Considering longest DRX cycle being 10.24 s, the measurement period for the comparison is 30.72 s. Thus, a suitable periodicity may be 10 times this measurement period, which corresponds to 5 min, in order to re-evaluate whether interference or propagation conditions have changed. Alternatively, the periodicity T may be signaled from the network to the UE to allow network control related to periodicity of NRSRP comparison, thus adjusting to the deployment needs.
	Setting of margin M 
The above margin M for combining NRSRP samples in multicarrier operation needs to be selected in a way, that the remaining impact from frequency selective fading is averaged out. Thus, it cannot be lower than the achievable measurement accuracy in the measurement period. On the other side, if the margin is too high, the UE would stay on the non-anchor carrier, even when it is not appropriate. There against, setting the margin lower has no negative impact, as the UE prioritizes NRSRP anchor carrier measurements.
For a fixed predefined value, the following consideration is done. Given that intra-frequency absolute NRSRP accuracy requirements in subclause 9.1.22.1 of TS 36.133 are specified as 6 dB for UE in connected mode and normal coverage, this identifies a lower bound for the margin M. A more appropriate value is 8 dB corresponding to intra-frequency absolute NRSRP accuracy for UE in connected mode and normal coverage with high interference. Alternatively, the margin M may be signaled from the network to the UE to allow network control related to measurement accuracy, thus adjusting to the deployment needs. In this case, the network may temporarily disallow combination of NRSRP samples from anchor and non-anchor carrier by signaling 0 dB. 
Proposals 
From above discussion, it is proposed to adopt a signaling solution for the periodicity of the NRSRP comparison as well as for the margin M, as the network has control on both parameters, as depicted in section 2.3.
Thus, the following proposal is made:
[bookmark: _Hlk40448817]For UE in normal coverage, NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor, provided that 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 margin M. 
The margin M and the periodicity of NRSRP comparison P are signaled from network to UE.
Conclusion
This contribution has discussed the open issue in the WF [2] on combining measurements on anchor carrier and non-anchor carrier in regard to NB-IoT multicarrier operation as included in [1].
The following proposal is made: 
Proposal 1: 	For UE in normal coverage, NRSRP measurements on non-anchor carrier can be filtered or combined with NRSRP measurement on anchor carrier after translating the non-anchor carrier measurement with parameter nrs-PowerOffsetNonAnchor, provided that 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 margin M. 
	The margin M and the periodicity of NRSRP comparison P are signaled from network to UE. 
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