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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· 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.
In this contribution we present our initial views on this objective.
[bookmark: _Ref178064866]Discussion
In LTE networks, minimizing the inter-cell interference can help increase the chances that downlink higher order modulation (64QAM, 256QAM) can be utilized to increase the downlink throughput for users experiencing good coverage conditions. Time domain CRS muting, where an eNB mutes CRS transmissions that are not needed by any UE, has been shown to improve downlink throughput and reduce connection drop rate [2][3][4]. For BL UEs, additional frequency domain CRS muting is possible if eNB can assume that the UE does not rely on CRS outside its narrowband (for Cat-M1) or wideband (for Cat-M2).
According to the WID, RAN1 and RAN4 should determine to what extent a margin of X PRBs outside the actual allocated narrowband/wideband is necessary. In our view the following assumptions are reasonable:
· CRS is not muted in the PSS/SSS/PBCH region in the central 72 subcarriers in the system bandwidth.
· CRS is not muted where MPDCCH or PDSCH (for e.g. system information, paging messages, random access related messages or unicast transmission) is transmitted.
· CRS is not muted where the UE is expected to monitor MPDCCH (for e.g. paging messages, random access related messages or unicast transmission) but may be muted during DRX.
Under these assumptions, it is our understanding that from RAN1 point of view there is nothing requiring a margin outside the monitored 6-PRB narrowband for a Cat-M1 UE. For a Cat-M2 UE, a wideband definition of 25 PRBs rather than 24 PRBs should be considered e.g. in the case when the UE bandwidth spans the center PRB in system bandwidths with an odd total number of PRBs (i.e. 3, 5 and 15 MHz).

[bookmark: _Toc477882474][bookmark: _Toc477884571][bookmark: _Toc477951031][bookmark: _Toc477951398][bookmark: _Toc477951449][bookmark: _Toc477951454]Indicate to RAN4 that from RAN1 point of view, for Cat-M1 UE supporting frequency domain CRS muting, no CRS margin outside a 6-PRB narrowband is necessary.
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An example of frequency domain CRS muting for BL UEs is shown in Figure 1. The WI objective only covers BL UEs, i.e. Cat-M UEs, but we would be open to also allow non-BL UEs in CE mode to support the feature.
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[bookmark: _Ref477951365]Figure 1: Example of frequency domain CRS muting for BL UEs
Conclusion
We propose the following:
Proposal 1	Indicate to RAN4 that from RAN1 point of view, for Cat-M1 UE supporting frequency domain CRS muting, no CRS margin outside a 6-PRB narrowband is necessary.
Proposal 2	Indicate to RAN4 that from RAN1 point of view, for Cat-M2 UE supporting frequency domain CRS muting, no CRS margin outside a 25-PRB wideband is necessary.

We made the following observations:
Observation 1	Frequency domain CRS muting will be an optional feature for BL UEs according to the WID.
Observation 2	Frequency domain CRS muting could also be an optional feature for non-BL UEs configured with CE mode.
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