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1. 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 [2], the LS is sent to RAN4 to consider the CRS muting on number of X PRB in above objective. In this contribution we present our initial views on CRS muting. 
2. Discussion
2.1 On RRM performance

The cell-specific reference signals are pilot signal inserted into the downlink signal to be used by UE for channel estimation, and some of RRM functions which related to the RSRP measurement and this RSRP is used for:
· Cell selection

· Cell reselection

· Handover

· Mobility measurements

· Estimate the Path Loss for power control calculations
Due to the reduced complexity of the BL UE, the BL UE only need to monitor the 1.4MHz, 5MHz which corresponding 6PRB or 24PRB. The measurement bandwidth for CAT-M1 defined in RSRP performance test in 36.133 A.9. 1.52 is 6PRB.
Observation-1: RSPR minimal measurement bandwidth is 6PRB for CAT-M which means BL UE should not need more than 6 PRB to meet the RRM requirement.

On top of the RSRP related RRM function, there are other functions like cell search, RLM, to fulfil these functions, the additional minimal amount of CRS not to be muted:
· The PSS/SSS/PBCH region in the central 72 subcarriers in the system bandwidth 
· Where MPDCCH or PDSCH (for e.g. system information, paging messages, random access related messages or unicast transmission) is transmitted.

· Where the UE is expected to monitor MPDCCH (for e.g. paging messages, random access related messages or unicast transmission).
· Where the UE is expected to monitor CRS for RLM evaluation.

For larger BW eMTC UE, It is stated in [5]:
RAN1#86 and RAN1#86bis agreement:

· The wider bandwidth operation is enabled by eNB.

· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.

· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).

· For Rel-14 FeMTC UEs with larger TBS and channel BW:

· Idle mode operations reuse the Rel-13 eMTC design.

Observation-2: for eMTC UE configured with larger bandwidth than 1.4MHz,  it need only monitor 6 PRB as the same with R13 eMTC which is CAT-M1 UE in idle mode.

Based on above observations, we suggest below proposal:

Proposal-1: CRS should not be muted in below occasions:
1. CRS should not be muted in centre frequency which is 6 PRB

2. The CRS should not be muted when UE monitoring MPDCCH (6 PRB) for CAT-M1 and CAT-M2 for paging in idle mode. 

3.The CRS should not be muted when UE monitoring MPDCCH (6PRB) and PDSCH (6 PRB for CAT-M1 or 24 PRB for CAT-M2) at connected mode.
Proposal-2: No RRM performance impact is foreseen when CRS-Muting is enabled when consider proposal-1.
2.2 On UE implementation 
The Rel-13 BL UE (i.e., UE DL category M1) reduce the complexity on the FFT with size of the 128 which means it can only demodulate limited number of PRB which will ignore the CRS in PRB outside the FFT window. The Rel-14 BL UE (i.e., UE DL category M2) reduce the complexity on the FFT size of 512 which means it can only demodulate limited number of PRB which will ignore the CRS in PRB outside the FFT window.. 
Observation-3: The reduced complexity implementation of BL UE means it can only monitor the limited PRB which corresponding to the channel bandwidth assigned by network within the system bandwidth. 
2.3 On RF performance: 

On the condition of the UE can provide the capability signalling to indicate number X PRB, hence it will not be expected to impact on demodulation performance and hence no impact on the REFSENS is foreseen.

Proposal-3: The BL UE with optional capability of X PRB when CRS muting enabled should have same REFSENS without CRS muting enabled.
Proposal-4: No RF performance impact is foreseen when CRS muting enabled.

3. Conclusion

In this paper, we discuss the CRS muting on the different RAN4 aspect, namely RRM and RF and UE implementation. The Below observation and proposal could be used for the LS response for next RAN4 meeting.
Observation-1: RSPR minimal measurement bandwidth is 6PRB for CAT-M which means BL UE should not need more than 6 PRB to meet the RRM requirement.
Observation-2: for eMTC UE configured with larger bandwidth than 1.4MHz,  it need only monitor 6 PRB as the same with R13 eMTC which is CAT-M1 UE in idle mode.
Proposal-1: CRS should not be muted in below occasions:

1. CRS should not be muted in centre frequency which is 6 PRB

2. The CRS should not be muted when UE monitoring MPDCCH (6 PRB) for CAT-M1 and CAT-M2 for paging in idle mode. 

3.The CRS should not be muted when UE monitoring MPDCCH (6PRB) and PDSCH (6 PRB for CAT-M1 or 24 PRB for CAT-M2) at connected mode.
Proposal-2: No RRM performance impact is foreseen when CRS-Muting is enabled when consider proposal-1.
Observation-2: The reduced cost implementation of BL UE means it can only monitor the limited PRB which corresponding to the channel bandwidth assigned by network within the system bandwidth

Proposal-3: The BL UE with capability of X PRB when CRS muting enabled should have same REFSENS without CRS muting enabled.

Proposal-4: No RF performance impact is foreseen when CRS muting enabled.
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