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1	Introduction
RAN1 are going to introduce a capability signaling for support for CRS muting outside BL UE narrowband/wideband, and have sent LS [1] to RAN4 to ask the:
· Minimum amount(s) of CRS
· Value(s) of X corresponding to number of PRBs outside the narrowband/wideband used by BL UEs for CRS.
The idea of the CRS muting in Rel-15 eFeMTC WI is to introduce a capability to make sure that BL UE uses the signal transmitted only within the UE maximum channel bandwidth. If the eNB knows the BE UE has this capability then eNB can turn off the CRS transmission on RPBs which is not used by BL UEs. Therefore, RAN1 is asking the amount(s) of CRS the BL UE does not use. RAN4#84 discussed the PDSCH performance impact due to the CRS muting. Some companies think extra CRS on X PRB outside the narrowband/wideband and on Y subframes before/after the PDSCH transmission is beneficial to improve the PDSCH demodulation performance [2].
This contribution gives the simulation results and discuss the values X and Y.
[bookmark: _Ref352176984]2	Discussion
Table 1 shows the simulation parameters for PDSCH demodulation performance impact due to the additional CRS. We investigated both Cat-M1 (6RPB) and Cat-M2 (24PRB) cases with X = 0, 1, 2, 3 and 6 PRBs, where X means the number of PRBs outside the narrowband/wideband used for PDSCH transmission, and Y means the number of subframes before and after the PDSCH transmission. Figure 1 is the example of CRS transmission X=2 PRBs and Y=1 subframe. In the simulation, we assume UE knows the value of X and Y, and UE utilizes CRS on the extra PRB(s), which means channel estimation, frequency error correction, CQI/PMI estimation, etc.
[bookmark: _Ref488398848]Table 1	Parameters for PDSCH demodulation performance impact due to CRS muting. 
	Parameters
	Values

	Test case
	Cat-M1, TM2, CE Mode A, EPA5 (Test 1 in TS36.101 8.11.1.1.1)
Cat-M1, TM6, CE Mode A, EPA5 (Test 2 in TS36.101 8.11.1.1.3)
Cat-M1, TM2, CE Mode B, ETU1 (Test 1 in TS36.101 8.11.1.1.3)
Cat-M2, TM2, CE Mode A, EPA5
Cat-M2, TM2, CE Mode B, ETU1

	System bandwidth
	10MHz for Cat-M1, 20MHz for Cat-M2

	X = (Number of PRBs outside the narrowband/wideband used for PDSCH/MPDCCH transmission)
	0 (No extra CRS outside narrowband/wideband)
1, 2, 3, 6 (other values are not precluded)

	Y = (Number of subframes before and after the PDSCH transmission)
	0 (No extra CRS before/after the PDSCH transmission)
1 (other values are not precluded)
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[bookmark: _Ref489891689]Figure 1	Example of CRS transmission X=2 PRBs outside the narrowband used for PDSCH transmission and Y=1 subframe before and after the PDSCH transmission. 
2.1	Simulation results
Figure 2 shows the ideal simulation results for PDSCH demodulation requirement without repetition specified in Rel-13 eMTC WI. Figure 3 is the simulation result for Cat-M1 TM2 CE Mode B scenario. Figure 4 is the simulation results for Cat-M2 scenarios. 
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[bookmark: _Ref488400068]Figure 2	Simulation results for Cat-M1 UE demodulation requirements (no repetition scenario).
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[bookmark: _Ref493754502]Figure 3	Simulation results for Cat-M1 UE demodulation requirements (repetition scenario).
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[bookmark: _Ref488400070]Figure 4	Simulation results for Cat-M2 UE demodulation requirements.  

[bookmark: _Ref493754600]Table 2	Performance improvement with regards to SNR for 70% of maximum throughput compared with (X=0, Y=0). 
	Test scenario
	Cat-M1 CEModeA TM2 EPA5 2x1
(No repetition)
	Cat-M1 CEModeA TM6 EPA5 2x1
(No repetition)
	Cat-M1 CEModeB TM2 ETU1 2x1 (Rep64)
	Cat-M2 CEModeA TM2 EPA5 2x1 
(Rep8)
	Cat-M2 CEModeB TM2 ETU1 2x1
(Rep32)

	X=1, Y=0
	0.1dB
	0.1dB
	0.5dB
	0.2dB
	0.2dB

	X=2, Y=0
	0.1dB
	0.1dB
	0.6dB
	0.2dB
	0.2dB

	X=3, Y=0
	0.1dB
	0.1dB
	0.6dB
	0.2dB
	0.2dB

	X=6, Y=0
	0.1dB
	0.1dB
	0.7dB
	0.2dB
	0.2dB

	X=0, Y=1
	0.2dB
	0.3dB
	
	
	



Table 2 summarizes the performance improvement with regards to SNR for 70% of the maximum throughput compared with no additional CRS transmission cases, i.e., X=0, Y=0. 
Note the existing RAN4 requirements for BL/CE UE is specified based on non-cross-subframe channel estimation. For Y=1, we have run the simulation with cross-subframe channel estimation for evaluation purpose. 
Based on the simulation results, it is observed that:
Observation 1: For frequency domain, X=1 [PRB] shows the performance gain compared with X=0. The significant gain is observed for larger repetition case with 6RPB (Cat-M1). The performance gain with X=1 for no repetition case is 0.1dB – the gain is very small. For X=2 or more, there is very small or no performance gain compared with X=1.
Observation 2: For time domain, Y=1 [SF] shows the performance gain compared with Y=0. 

From the observations, we propose that:
Proposal 1: From the PDSCH demodulation perspective, LS response to RAN1 contains:
· X=1 for repetition case.
· X=0 for non repetition case.
[bookmark: _GoBack]Proposal 2: LS response to RAN1 should also contain the network should transmit CRS 1ms before and after the PDSCH transmission.
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