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Introduction
In the work item for efeMTC [1], one of the objectives for "Improved spectral efficiency" is the following:
-	Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
-	Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.
RAN2 has received an LS [3] from RAN4 prior to RAN2#101bis meeting. In the LS, RAN4 informs RAN2 about the following agreements:
· 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. 
RAN4 concluded that Rel-15 eMTC UEs in RRC connected mode should also be notified about such information update in the serving cell and the configuration in the target cell in case of handover.
[bookmark: _Hlk510725239]In addition, in a cell where CRS muting is applied, RAN4 agreed that CRS is always transmitted with the following number of PRBs in the central frequency of the cell bandwidth:
· 6 PRBs, or
· 24 PRB
RAN4 thinks it would be beneficial if the network informs UEs in connected mode about the number of PRBs in the central frequency of the cell bandwidth when CRS muting is enabled.
In RAN2#101bis, the following agreements were made:
- 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.
In this contribution we provide an overview for CRS muting and analyze the RAN2 impact.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref189046994]In LTE, minimizing the inter-cell interference may increase the probability that downlink higher order modulation (64QAM, 256QAM) can be utilized to increase the downlink throughput for users experiencing good coverage. Time domain CRS muting, where an eNB mutes CRS transmissions which are not needed by UEs in the cell, has been shown to improve downlink throughput and reduce connection drop rate (see [2]). For BL UEs, frequency domain CRS muting can also be considered if eNB can assume that the UEs in the cell do not rely on CRS outside their narrowband (for Cat-M1 UEs) or wideband (for Cat-M2 UEs).
Even if all UEs in the cell are BL UEs that support CRS muting, the network still needs to transmit a minimum amount of CRS to support basic functionality, such as:
· Cell PBCH/SI/Paging acquisition
· Downlink channel measurements
· Time/frequency tracking
· Channel estimation for demodulation of PBCH/SI/Paging/PDSCH
· CQI estimation

In the WI description [1], we have the following objective:
1. Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
0. Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.

As stated in the objective above, it is required to introduce capability signaling for support for CRS muting. The UE would indicate if it does not rely on CRS outside a particular bandwidth, e.g. narrowband (6 PRBs) or wideband (24 PRBs), with UE capability signaling which can then be used by the network to configure CRS accordingly.

Proposal 1 [bookmark: _Toc510561125][bookmark: _Toc510640040][bookmark: _Toc510689413][bookmark: _Hlk510737687]The UE shall indicate whether it relies on CRS outside a particular bandwidth, i.e. narrowband (6 PRBs) or wideband (24 PRBs) as a capability.

[bookmark: _Hlk510726604]Another issue to consider is the need to notify UEs in RRC connected mode regarding a CRS related configuration update in the serving cell or the CRS related configuration in the target cell upon handover. For the former case one needs to consider that eMTC UEs in RRC connected mode are not required to monitor for system information updates.

eMTC UEs in RRC connected mode are not required to monitor for system information updates.

[bookmark: _Hlk510727741][bookmark: _Hlk510729029]However, it is possible to use the currently available dedicated signaling to provide the bandwidth reduced versions of SIB1 and SIB2 considering that CRS muting related configuration is broadcasted in SIB1-BR. Timing of such notification requires a discussion though. With a dedicated message the UE is not going to be informed in sync with the corresponding update in the system information unless it happens to be at the same time with the start of the new modification period where the change is applied. Considering that this would be quite challenging and may lead to problems, a flag may be needed in addition to this dedicated signaling. The flag would indicate that the provided update is valid from next modification period on so that the UE would know when to apply the new configuration. Otherwise the network would need to release those UEs to idle mode first so that the updated system information is acquired, before another connection is established..
[bookmark: _Hlk510730373]
Proposal 2 [bookmark: _Hlk510737700]Introduce a flag in the dedicated signaling that provides the bandwidth reduced versions of SIB1 and SIB2 to indicate that the provided system information message is valid from next modification period on.

For the latter case, i.e. providing system information upon handover, the configuration for CRS muting in the target cell can be provided as part of the handover message considering that CRS muting related configuration is broadcasted in SIB1-BR. That means updated version of SIB1-BR can be sent to source eNB in RRCConnectionReconfiguration in HandoverCommand.

Conclusion
In this contribution we provide an overview for CRS muting and analyze the RAN2 impact. In section 2, we have the following observations:

1. eMTC UEs in RRC connected mode are not required to monitor for system information updates.

We propose the following in section 2:

1. The UE shall indicate whether it relies on CRS outside a particular bandwidth, i.e. narrowband (6 PRBs) or wideband (24 PRBs) as a capability.

Proposal 4 Introduce a flag in the dedicated signaling that provides the bandwidth reduced versions of SIB1 and SIB2 to indicate that the provided system information message is valid from next modification period on.
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