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Introduction
CRS muting is one objective in Rel-15 efeMTC WI. The benefits are reduced network power consumption and interference due to reduced CRS transmission. This objective has been so far mainly discussed in RAN4, and the focus is on the minimum CRS transmission to ensure UE RRM and demodulation are not broken due to CRS muting. The agreements on minimum CRS are captured in [1].
RAN4 also agrees following network indication in [2] and asks RAN2 to define the related signaling.
	RAN4 has discussed CRS muting for Release 15 eFeMTC UEs. Based on the discussions, RAN4 conclusions are:
· RAN4 finds it beneficial that the network informs the Release 15 efeMTC UE information related to CRS muting in both RRC idle and RRC connected state, and the communicated information comprises:
· Whether or not CRS muting is enabled in the serving cell. 
In RRC connected state the Release 15 efeMTC UE should be configured with CRS muting information for the target cell e.g. in handover command. 
In addition, in a cell where CRS muting is applied, RAN4 agreed that CRS are always transmitted in the following number of PRBs in the centre of the cell BW:
· 6 PRBs, or
· 24 PRB
Therefore, there is a need for the network to inform UE about the number of PRBs in the central frequency of the cell bandwidth when muting is enabled.


[bookmark: _Hlk513205245]In RAN2#101bis, RAN2 agreed how to introduce the signalling in [3]. In addition, some companies raised up the issue of neighbor cell measurement, since RAN4 has so far only considered CRS muting in serving cell. The agreements from RAN2 are as follows.
	=> Introduce CRS muting enabling indication for the serving cell in SIB1-BR.
=> Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central cell BW in broadcast signalling if CRS muting is enabled. The CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.
=> RAN2 assumes that RAN4 will study the impact of CRS muting on neighbour cell measurement.
=> Send a LS to RAN4 in inform them about the agreements from this meeting (Ericsson)


[bookmark: _Hlk513205847]In this paper, we will provide our views on the impact of CRS muting on neighbor cell measurement. 
Discussion
The issue raised up in RAN2 by some companies is that CRS muting is a cell level feature, i.e. it can be enabled or disabled per cell basis. It means neighbour cells, either on the same or difference carrier than the serving cell, may be in a different CRS muting state than the serving cell. It is possible that 
· CRS muting is enabled in serving cell but disabled in a neighbour cell, or 
· CRS muting is disabled in serving cell but enabled in a neighbour cell.
Before CRS muting is introduced, for eMTC the RRM measurements, including both intra- and inter-frequency, are based on gaps. The exception is the serving cell measurement when UE is only configured to measure serving cell. 
With CRS muting enabled in the serving cell, whether the gapless serving cell measurement can work should be discussed in RAN4. In our view, since network will guarantee CRS transmission in the narrow-band where UE is configured or scheduled for MPDCCH/MPDSCH (according to [1]), UE can still measure the serving cell with CRS in its active narrow-band, so the gaps are still not needed. However, we would also like to hear the opinion from chipset vendors if this assumption is fine for all implementations.
[bookmark: _Ref513911476]RAN4 should discuss whether the gapless serving cell measurement can work with CRS muting enabled in the serving cell.
With CRS muting enabled in a neighbour cell, the measurement for that cell should be done only in the central 6-PRBs, no matter CRS muting is enabled in the serving cell or not. Although neighbour cell PSS/SSS detection to be done in gaps, in earlier discussion in Rel-14, the common understanding is that it is up to UE implementation where to measure CRS of a detected neighbour cell, i.e. the CRS measurement of a neighbour cell may be done 
· together with SS detection and in the central 6-PRB, or 
· separate from SS detection and in the UE active narrow band. 
Clearly, if the second option is used in UE implementation, it will get wrong measurement results of the neighbour cell. As CRS muting is a cell level feature, to avoid the problem, a Rel-15 efeMTC UE should use the first option, either as a default implementation, or based on network indication. 
Restricting the behaviour of neighbour cell measurement for all Rel-15 efeMTC UEs is simple from specification point of view, and there is no signalling impact. On the other hand, such a restriction is not always necessary, e.g. when there is no neighbour cell on the carrier enabling CRS muting, and applying the restriction to all Rel-15 efeMTC UEs may lead to unnecessary implementation impact. We slightly prefer to have the restriction based on network indication, and this means a new signalling should be introduced to inform a Rel-15 efeMTC UE whether to apply the restriction (on neighbour cell measurement) or not. 
[bookmark: _Ref513911478]A new signalling is introduced to inform Rel-15 efeMTC UE whether the neighbour cell measurements are restricted to central 6-PRB or not.
A draft LS to RAN2 [4] is prepared following the proposal.
Conclusion
In this paper, we provided our views on the impact of CRS muting on neighbour cell measurement.
Proposal 1: RAN4 should discuss whether the gapless serving cell measurement can work with CRS muting enabled in the serving cell.
Proposal 2: A new signalling is introduced to inform Rel-15 efeMTC UE whether the neighbour cell measurements are restricted to central 6-PRB or not.
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