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1. Introduction
In RAN4 #84 meeting, RAN4 discussed potential impact of CRS muting on eMTC/FeMTC UE’s demodulation performance and agreed on the WF in [1]. For Cat-M1/M2 UE, following agreements were reached. 

· Companies are encouraged to bring the investigation results if Cat-M1/M2 UE can use CRS on X PRB(s) outside the narrowbands/wideband where PDSCH is transmitted. 
· Companies are also encouraged to bring the investigation results if Cat-M1/M2 UE use CRS on Y subframe(s) before/after the PDSCH transmission.
In this contribution, we provide further discussion on the need for extra PRBs and subframes outside of narrowband where eMTC/FeMTC UE is receiving MPDCCH/PDSCH. 
2. Discussion
2.1. Need for extra PRB

Extra PRBs outside MPDCCH/PDSCH narrowband can provide additional processing gains thus lead to better tracking loop performance and channel estimation. For Cat-M1 UE, narrowband consists of only 6 PRBs and thus CRS for each antenna ports have only 12 tones. Therefore, adding extra PRBs can significantly boost processing gain. On the other hand, Cat-M2 UE has 24 PRBs already and thus increase in processing gain would be marginal. Table 1 summarizes increase in processing gain for X=1, 2, 3 for Cat-M1 and Cat-M2 UE. 

Observation 1. Increase in processing gain with extra PRBs outside of narrowband is large for Cat-M1 UE but is marginal for Cat-M2 UE.  

Proposal 1. Provide X=1 PRB on both side of narrowband for Cat-M1 UE. Cat-M2 UE does not need extra PRB. 
Table 1. Increase in CRS processing gain with X extra PRBs on both side of narrowband

	
	X=1
	X=2
	X=3

	Cat-M1
	1.2dB
	2.2dB
	3.0dB

	Cat-M2
	0.3dB
	0.7dB
	1.0dB


2.2. Need for extra subframe
In our companion paper [2], we elaborated on the need for warm-up and cool-down SF. For Cat-M1 UE, we think 1 SF for warm-up before MPDCCH and PDSCH demodulation is enough since UE can do AGC and tracking loop warm up on center 6 PRB. 
Proposal 2. For Cat-M1 UE, CRS should be transmitted for Y=1 warm-up SF before MPDCCH search space and PDSCH scheduling SF on the same narrowband. There is no need for cool-down SF. 

In [2], we pointed out that, for Cat-M2 UE, continuous transmission of CRS on center 24 PRB is necessary to allow UE in CEModeB to refine tracking loop. On top of that, Cat-M2 UE will need same warm-up and cool-down SF as Cat-M1 UE. 
Proposal 3. For Cat-M2 UE, CRS is always transmitted over the center 5MHz to help UE refine tracking loop and UL transmit timing. 

Proposal 4. For Cat-M2 UE, need for warm-up and cool-down SF is same as Cat-M1 UE.
3. Conclusion

In this contribution, we provided further discussion on the need for extra PRBs and subframes for demodulation purpose. Our observations and proposals are
Observation 1. Increase in processing gain with extra PRBs outside of narrowband is large for Cat-M1 UE but is marginal for Cat-M2 UE.  

Proposal 1. Provide X=1 PRB on both side of narrowband for Cat-M1 UE. Cat-M2 UE does not need extra PRB. 

Proposal 2. For Cat-M1 UE, CRS should be transmitted for Y=1 warm-up SF before MPDCCH search space and PDSCH scheduling SF on the same narrowband. There is no need for cool-down SF. 

Proposal 3. For Cat-M2 UE, CRS is always transmitted over the center 5MHz to help UE refine tracking loop and UL transmit timing. 

Proposal 4. For Cat-M2 UE, need for warm-up and cool-down SF is same as Cat-M1 UE.
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