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1	Introduction
RAN1 are going to introduce 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 turn off the CRS transmission on RPBs which is not used by BL UEs. RAN1 is asking the amount(s) of CRS the network can turn off where the legacy Rel-13/Rel-14 BL UEs can keep the same reception performance. This contribution discusses the amount of CRS from the demodulation performance point of view. 
2	Discussion
[bookmark: _Ref352176984]UE uses CRS not only for the channel estimation for the demodulation of PDSCH, but also for the several purposes such as the channel measurements (Doppler estimation, channel dispersion estimation, etc.), RSRP measurements, time/frequency tracking, AGC, CQI/PMI estimation, and SNR estimation, etc.
According to TS36.306, the maximum UE channel bandwidths for UE DL category M1 and M2 are 1.4MHz and 5MHz, respectively. This means we can assume Cat-M1 UE can receive up to 1.4MHz (6 PRBs or narrowband) and Cat-M2 can receive up to 5MHz (24 RPBs or wideband). Moreover, when the BL UE do not receive PDSCH, UE are supposed to monitor MPDCCH or PBCH/PSS/SSS. Those channels and signals are transmitted with up to 6RPB. Therefore, it is straightforward to assume BL UE only need to receive CRS on one narrowband (6PRB) when the UE does not receive PDSCH. 
We assume the BL UE usually monitor MPDCCH for paging, RAR, and DCI reception. Although MPDCCH demodulation is assumed to use DMRS for channel estimation, we think the BL UE also use CRS for other purpose such as channel measurement or time/frequency tracking. 
When PDSCH is transmitted to the BL UE, BS should transmit CRS on narrowband/wideband depending on the RRC parameters ce-pdsch-maxBandwidth-config and mpdcch-PDSCH-MaxBandwidth-SC-MTCH. 
[image: ]
[bookmark: _Ref487818150]Figure 1	Example of MPDCCH/PDSCH transmission scheduling. 
Figure 1 shows an example of MPDCCH/PDSCH transmission for the BL UEs. When UE are in IDLE, we assume the UE monitor the common MPDCCH search space to monitor the paging etc. When UE are in CONNECTED, the UE monitor the UE-specific MPDCCH search space. When UE receive DCI, the UE start to receive PDSCH according to the resource allocation in DCI. We also assume the BL UE perform the measurements with CRS transmitted on the center 6PRB. 
In summary, from the demodulation purpose point of view, we assume the BL UE need CRS on
· Narrowband(s) where MPDCCH is transmitted (both in common search space and UE-specific search space).
· Narrowband(s) where PDSCH is transmitted
· Center 6PRB
3	Simulation results
3.1	REFSENS
[bookmark: _Ref488398848]Table 1	Parameters for REFSENS performance impact due to CRS muting. 
	Parameters 
	Values

	Reference channels
	Table A.3.2-1b for UE DL category M1
See appendix for UE DL category M2

	System bandwidth
	10MHz

	X = (Number of PRBs outside the narrowband/wideband used for PDSCH/MPDCCH transmission)
	0 (No extra CRS outside narrowband/wideband)
1, 2, 3, 6



Table 1 shows the simulation parameters for PDSCH demodulation performance impact for REFSENS due to the CRS muting. We investigated both Cat-M1 (6RPB) and Cat-M2 (24PRB) cases with/without CRS muting. With CRS muting, we set X = 0, 1, 2, 3 and 6 PRBs, where X means the number of PRBs outside the narrowband/wideband used for PDSCH transmission. Figure 2 is the example of CRS transmission X=2 PRBs outside the narrowband used for PDSCH transmission. In our simulation, however, UE use CRS transmitted on the narrowbands where PDSCH is transmitted regardless of the value of X. This means UE uses CRS with only 6PRB although eNB transmit CRS in 6 +/- 2 PRBs. 
[image: ]
[bookmark: _Ref489891689]Figure 2	Example of CRS transmission X=2 PRBs outside the narrowband used for PDSCH transmission. 

Figure 3 shows the simulation results for REFSENS scenario and it is observed there is no performance impact due to CRS muting or extra PRB(s) if the BL UE uses the CRS transmitted on the narrowband/wideband where PDSCH is transmitted.
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[bookmark: _Ref488399845]Figure 3	Simulation results for REFSENS scenario.

3.2	Demodulation
Table 2 shows the simulation parameters for UE demodulation performance impact due to the CRS muting. We investigated the 3 test cases specified in Rel-13 UE demodulation requirements with/without the CRS muting. We also investigated the performance impact for the ongoing Cat-M2 UE demodulation requirement candidates. With the CRS muting, we set X = 0, 1, 2, 3 and 6 PRBs, where X means the number of PRBs outside the narrowband/wideband used for PDSCH transmission. Like REFSENS, we assume BL UE use CRS transmitted only on the narrowbands where PDSCH is transmitted regardless of the value of X.

[bookmark: _Ref488400021]Table 2	Parameters for UE 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 ([2])
Cat-M2, TM2, CE Mode B, ETU1 ([2]) 

	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



Figure 4 shows the simulation results for Rel-13 UE demodulation requirement and Figure 5 shows the simulation results for Rel-14 UE demodulation requirement candidates. It is observed there is no performance impact due to the CRS muting or extra PRB(s) if the BL UE uses the CRS transmitted on the narrowband/wideband where PDSCH is transmitted.

[image: ][image: ][image: ][image: ]
[bookmark: _Ref488400068]Figure 4	Simulation results for Cat-M1 UE demodulation requirements.
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[bookmark: _Ref488400070]Figure 5	Simulation results for Cat-M2 UE demodulation requirement candidates. 

 
4	Conclusion
In this contribution, we have shown the link simulation results of REFSENS and UE Demodulation requirement scenarios with/without the CRS muting, and it is observed that there is no performance impact due to CRS muting or extra PRB(s) if the BL UE uses the CRS transmitted on the narrowband/wideband where PDSCH is transmitted. 
Observation: No performance impact for RAN4 REFSENS and UE demodulation requirement scenarios due to the CRS muting if the BL UE uses the CRS transmitted on the narrowband/wideband where PDSCH is transmitted.
Proposal: RAN4 send LS response to RAN1 where the BL UE need CRS on the narrowband/wideband where PDSCH/MPDCCH is transmitted, and X=0 is sufficient to keep the same downlink channel decoding performance. 
5	References
[bookmark: _Ref487018806][bookmark: _Ref487806188]R4-1704502, “LS on CRS muting in eFeMTC”, RAN1.  
[bookmark: _Ref487819948]R4-1706202, “Way forward on FeMTC UE demodulation requirements”, Ericsson.

Appendix
FRC for REFSENS Cat-M2. 
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	4
	8
	16
	16
	16
	16

	Subcarriers per resource block
	
	12
	12
	12
	12
	[bookmark: _GoBack]12
	12

	Allocated subframes per Radio Frame
	
	2
	2
	8
	8
	8
	8

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	256
	680
	1384
	1384
	1384
	1384

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	1384
	1384
	1384
	1384

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	1
	1
	1
	1
	1
	1

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	1
	1
	1
	1

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	912
	2016
	4032
	4416
	4416
	4416

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	4032
	4416
	4416
	4416

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	51.2
	136.0
	1107.2
	1107.2
	1107.2
	1107.2

	Max. Throughput averaged over 1 frames for HD-FDD
	kbps
	25.6
	68.0
	415.2
	415.2
	415.2
	415.2

	UE DL Category
	
	M2
	M2
	M2
	M2
	M2
	M2

	Note 1:	2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10MHz channel BW. 3 symbols allocated to PDCCH for 5 MHz and 3 MHz. 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211.
Note 3:	The scheduled narrowband other than 1.4MHz and 3MHz channel bandwidth avoids the centre of the channel where some REs of the same PRBs are occupied by PBCH and synchronization signals. 
Note 4:	For HD-FDD UE, PDSCH are scheduled at the 3rd subframe every 1 radio frame for 1.4MHz and 3MHz channel bandwidth. For other channel bandwidth, PDSCH are scheduled at the 0th, 1st and 2nd subframes every 1 radio frame. Information bit payload is available if downlink subframe is scheduled. The corresponding MPDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 5:	2 resource blocks allocated to MPDCCH
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