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Introduction
In RAN4#93 meeting, the following agreement regarding MPDCCH performance improvement in RLM scenarios of MTC was captured [1]:
MPDCCH performance improvement for RLM
· RLM core requirements, i.e., TS36.133 7.19, can be applicable for UE category M1 configured with improved MPDCCH.
· RAN4 discuss the SNR test points of RLM Qin/Qout with improved MPDCCH in RRM performance part.


In this paper, we present partial simulation results based on proposed MPDCCH parameters for RLM in [2]. 
Simulation Assumptions
In [2], the simulation assumptions for RLM SNR point evaluation were proposed which are reproduced here for reference:
Table 1 Simulation assumptions for RLM SNR point evaluation from [2]
	[bookmark: _Hlk16540500]Parameters
	Values

	DCI format
	6-1A (CE Mode A)
6-1B (CE Mode B)

	System BW
	10MHz

	Starting OFDM symbols
	2

	(RL, AL)
	Set 1: (4, 16) for Out-of-synch and (2, 4) for In-synch
Set 2: (8, 24) for Out-of-synch and (4, 8) for In-synch

	Transmission type
	Distributed

	Channel model
	AWGN, EPA5, ETU30 for CE Mode A
AWGN, ETU1, EPA1 for CE Mode B

	Antenna configuration
	2x1, 4x1

	Metric
	In-synch: MPDCCH BLER of 2% 
Out-ot-synch: MPDCCH BLER of 10%

	Frequency hopping
	ON

	Reference signal
	DMRS + CRS

	Power offset between DMRS and CRS 
	0dB

	[bookmark: _Hlk16582635]DMRS/CRS precoding
	Cyclic precoder:
Precoder granularity in frequency domain: 1PRB
Precoder granularity in time domain: [4] ms
· Pending RAN1 agreements for the detailed design
Codebook: Pending RAN1 agreements



Some observations regarding the simulation assumptions in Table 1 are as follows:
[bookmark: _GoBack]Observation 1. Precoder granularity of 1 PRB in frequency domain in distributed mode is not meaningful. Per RAN1 agreement in RAN1#99, there is a fixed predetermined relationship defined in both frequency and time domain for distributed mode which is followed in our simulation results. 
Observation 2. (RL, AL) pair of (2,4) is not valid for CE Mode B. This permutation is not simulated. Therefore, in-sync results for Set 1 in CE Mode B are absent. 
Moreover, in the presented results, only antenna configuration 2x1 is considered.
Simulation Results
Tables 2 and 3 present the simulation results for CE mode A and B, respectively. 

Table 2 Simulation results for CE Mode A
	MODE A
	MPDCCH improvement   processing in R16
	Legacy MPDCCH processing 

	
	
	

	
	
	

	
	2% BLER SNR (dB)
	10% BLER SNR (dB)
	2% BLER SNR (dB)
	10% BLER SNR (dB)

	
	
	
	
	

	
	
	
	
	

	Set 1
	In Sync
	AWGN
	-4.24
	
	-3.42
	

	
	
	
	
	
	
	

	
	
	EPA5
	4.62
	
	5.17
	

	
	
	
	
	
	
	

	
	
	ETU 30
	1.86
	
	2.54
	

	
	
	
	
	
	
	

	
	Out of Sync
	AWGN
	
	-11.9
	
	-10.8

	
	
	
	
	
	
	

	
	
	EPA5
	
	-6.8
	
	-6.05

	
	
	
	
	
	
	

	
	
	ETU 30
	
	-7
	
	-7.3

	
	
	
	
	
	
	

	Set 2
	In Sync
	AWGN
	-8.75
	
	-8.2
	

	
	
	
	
	
	
	

	
	
	EPA5
	-0.5
	
	-0.2
	

	
	
	
	
	
	
	

	
	
	ETU 30
	-2.4
	
	-2.7
	

	
	
	
	
	
	
	

	
	Out of Sync
	AWGN
	
	-14.8
	
	-13

	
	
	
	
	
	
	

	
	
	EPA5
	
	-10.35
	
	-9.1

	
	
	
	
	
	
	

	
	
	ETU 30
	
	-11.5
	
	-10.75

	
	
	
	
	
	
	





Table 3 Simulation results for CE Mode B
	MODE B
	MPDCCH improvement   processing in R16
	Legacy MPDCCH processing 

	
	
	

	
	
	

	
	2% BLER SNR (dB)
	10% BLER SNR (dB)
	2% BLER SNR (dB)
	10% BLER SNR (dB)

	
	
	
	
	

	
	
	
	
	

	Set 1
	In Sync
	AWGN
	
	
	
	

	
	
	
	
	
	
	

	
	
	EPA1
	
	
	
	

	
	
	
	
	
	
	

	
	
	ETU 1
	
	
	
	

	
	
	
	
	
	
	

	
	Out of Sync
	AWGN
	
	-12.81
	
	-11.17

	
	
	
	
	
	
	

	
	
	EPA 1
	
	-6.6
	
	-5.83

	
	
	
	
	
	
	

	
	
	ETU 1
	
	-6.55
	
	-6.58

	
	
	
	
	
	
	

	Set 2
	In Sync
	AWGN
	-9.63
	
	-9.06
	

	
	
	
	
	
	
	

	
	
	EPA 1
	-1
	
	0.44
	

	
	
	
	
	
	
	

	
	
	ETU 1
	-1.32
	
	-1.59
	

	
	
	
	
	
	
	

	
	Out of Sync
	AWGN
	
	-15.28
	
	-13.04

	
	
	
	
	
	
	

	
	
	EPA 1
	
	-11.62
	
	-9.48

	
	
	
	
	
	
	

	
	
	ETU 1
	
	-10.78
	
	-9.91

	
	
	
	
	
	
	



From the results in Tables 2 and 3 above, it can be seen that MPDCCH performance improvement based on R16 precoding relationship of CRS and DMRS tones yields some gain in the SNR operating points. However, the gain depends on the SNR range and channel conditions. 
In Table 2, the gain from R16 scheme is most significant when SNR operating point is less than -10 dB. Also, among the simulated channel conditions, AWGN channel shows most gain in SNR points less than -10 dB.
In Table 3, similar observations can be made. The most significant gain is seen in SNR operating points less than -10 dB and in AWGN channels. 
Observation 3. Simulation results show the most significant gain from R16 MPDCCH performance improvement is seen in SNR operating points less than -10 dB and in AWGN channel in RLM scenarios. 
Based on these results, it is proposed that RAN4 does not consider defining new RLM test cases based on R16 MPDCCH performance improvement in SNR points above -10 dB or in fading channel conditions. 
Proposal 1. RAN4 does not consider defining new RLM test cases based on R16 MPDCCH performance improvement in SNR points above -10 dB or in fading channel conditions. 
Proposal 2. RAN4 to discuss the possibility of adding new RLM test cases based on R16 MPDCCH performance improvement in SNR points below -10 dB and AWGN channel. 
Conclusions
Observation 1. Precoder granularity of 1 PRB in frequency domain in distributed mode is not meaningful. Per RAN1 agreement in RAN1#99, there is a fixed predetermined relationship defined in both frequency and time domain for distributed mode which is followed in our simulation results. 
Observation 2. (RL, AL) pair of (2,4) is not valid for CE Mode B. This permutation is not simulated. Therefore, in-sync results for Set 1 in CE Mode B are absent. 
Observation 3. Simulation results show the most significant gain from R16 MPDCCH performance improvement is seen in SNR operating points less than -10 dB and in AWGN channel in RLM scenarios. 
Proposal 1. RAN4 does not consider defining new RLM test cases based on R16 MPDCCH performance improvement in SNR points above -10 dB or in fading channel conditions. 
Proposal 2. RAN4 to discuss the possibility of adding new RLM test cases based on R16 MPDCCH performance improvement in SNR points below -10 dB and AWGN channel. 
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