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1	Introduction
RAN4#84bis agreed with several CRs on enhanced RLM test case for CE Mode A by reusing the existing RLM CE Mode A test cases from Release 13. Since the enhanced RLM uses the event reporting, it is possible to introduce the test case for CE Mode B UE. However, there is no RLM test cases for CE Mode B in release 13 which makes it not possible to reuse release 13 test cases. We therefore provide the MPDCCH simulation results assuming CE Mode B for the enhanced RLM test cases. 
It is noteworthy that RAN4 has studied the possibility to introduce RLM test case for CE Mode B in release 13, and MPDDCH simulations studies were conducted based on agreed simulations as shown in Table 1. The reason no RLM test case was introduced in release 13 RLM for CEModeB was that there is no support for reporting such as CQI reporting. Release 14 enhanced RLM is based on new event reporting, and since it based on the MPDDCH it is possible to reuse the release 13 CEModeB MPDCCH simulation work.
[bookmark: _Ref450908115]Table 1	MPDCCH simulation assumption for CE Mode B [1]. 
	Parameter
	MPDCCH (CE Mode B)

	DCI format
	DCI Format 6-1B

	System Bandwidth
	10 MHz

	Channel model
	AWGN, ETU30

	Antenna configuration
	2x1

	Number of information bits (incl. 16 bits CRC)
	18

	Antenna correlation
	Low

	Aggregation level and Repetition level
	(16,256), (4,128), (16,128), (4,64)

	Starting OFDM symbols (CFI)
	2

	Frequency hopping
	OFF

	Number of PRB
	4 for Aggregation level = 4, 8, 16
2+4 for Aggregation level =24

	Transmission type configured to UE
	Distributed

	DMRS scrambling sequence initialization parameter for UE-SS
	PCID = 1

	Channel Estimation
	DMRS based

	UE residual frequency error
	50 Hz



[bookmark: _Ref352176984]2	Simulation result
2.1	MPDCCH BLER with CEModeB
Table 2 shows the required SNR values to achieve 2%/10% MPDCCH BLER for each (AL, Rmax) combination for FDD. In Rel-13 discussion, it was discussed to derive the Qin/Qout from the two (AL, Rmax) sets below: 
· Set 1: (24, 256) for Qout and (8,128) for Qin for OoS test cases 
· Set 2: (16, 128) for Qout and (4,64) for Qin for IS test cases

[bookmark: _Ref458762074]Table 2	Required SNR [dB] to achieve CE Mode B UE MPDCCH BLER=2% and BLER=10% for each (AL, Rmax) pair with 2x1 antenna configuration.
	
	AWGN 
	ETU30

	(AL, Rmax)
	SNR@BLER=10%
	SNR@BLER=2%
	SNR@BLER=10%
	SNR@BLER=2%

	(16, 256)
	-22.3
	-21.6
	-21.4
	-20.5

	(4, 128)
	-16.8
	-16.6
	-16.6
	-14.7

	(16, 128)
	-20.3
	-20.1
	-19.6
	-18.6

	(4, 64)
	-15.4
	-14.6
	-13.4
	-12.5



Table 3 and Table 4 summarize the Qout/Qin points for set 1 and set 2. 
[bookmark: _Ref458605863][bookmark: _Ref450908986]Table 3	SNR difference between IS and OOS for Set 1.
	Channel
	SNR for OOS
(AL,Rmax)=(16,256)
	SNR for IS
(AL,Rmax)=(4,128)
	Difference between OOS and IS

	AWGN
	-22.3dB
	-16.6dB
	5.7dB

	ETU30
	-21.4dB
	-14.7dB
	6.7dB



[bookmark: _Ref462321904]Table 4	SNR difference between IS and OOS for Set 2.
	Channel
	SNR for OOS
(AL,Rmax)=(16,128)
	SNR for IS
(AL,Rmax)=(4,64)
	Difference between OOS and IS

	AWGN
	-20.3dB
	-14.6dB
	5.7dB

	ETU30
	-19.6dB
	-12.5dB
	7.1dB



2.2	Parameter setup
From the simulation results, it is observed that the SNR levels for Qin is around -15dB; this value is the assumed lowest operating SNR test point for CE Mode B UE. The early Qout event and early Qin event shall be triggered earlier than these points. The relation between transmission parameters used for early Qout and early Qin events are as in Table 5.
[bookmark: _Ref498718580]Table 5	Relation between the transmission parameters used in legacy RLM events and enhanced RLM events
	Event type
	Aggregation level
	Repetition level

	Legacy Qout
	L’max
	Rmax

	Early Qout
	L’max-[1]
	Rmax/[2]

	Legacy Qin
	L’max-2
	Rmax/2

	Early Qin
	L’max-[2]
	Rmax/[8]



As per the relation above, in our view it is possible to use the set as in Table 3 and Table 4 as reference to derive the SNR points for early Qin and early Qout events by scaling the aggregation level and repetition level according to relation Table 5. This gives:
(AL, Rmax) = (X1, Y1) assuming set 1 and (AL, Rmax) = (X2, Y2) assuming set 2. 
The results show that set 1 is more aggressive at it allows the UE to operate in lower coverage compared to set 2 as it allows the UE to operate in lower SNR levels. Therefore our preference is to use set 2 for which the aggregation and repletion levels are (AL, Rmax)=(16, 128) and (AL, Rmax)=(4, 64) for ‘legacy’ out-of-sync and ‘legacy’ in-sync respectively. Using the relation between the aggregation/repetition level in Table 5, we derive the following set for early Qout and early Qin in CEModeB:
(AL, RL) = (8, 64) for Early Qout
(AL, RL) = (4, 8) for Early Qin
This means, if we design the test case that UE trigger the early Qout at -19.6 dB SNR and early Qin at -12.5 dB SNR assuming ETU30 channel model, the transmission parameters can be set to (AL, RL) = (8, 64) and (AL, RL) = (4, 8) respectively.
We think the parameter setups for Set1/Set2 are feasible to derive the SNR points for detecting early Qin and early Qout event for defining the enhanced RLM test cases for CE Mode B.  
2.3	Test points
Based on the simulation results, we discuss the SNR levels to be set in the enhanced RLM requirements. The test points for the existing RLM out-of-synch and in-synch requirements are traditionally derived from the following formula:
· SNR2 = Qout + margin1 [dB],
· SNR3 = Qout - margin1 [dB],
· SNR4 = Qin – margin2 [dB],
· SNR5 = Qin + margin2 [dB],
· SNR1 = SNR5,
where margin1 = 3 dB and margin2 = 2.5 dB for ETU30 for UE Category 0. If we the same margin, SNR1 to SNR5 are derived based on Qin=-12.5 and Qout=-19.6 as follows:
	
	SNR1
	SNR2
	SNR3
	SNR4
	SNR5

	
	= SNR5
	Qout + 3
	Qout - 3
	Qin - 2.5
	Qin + 2.5

	Set 2
	-10.0dB
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	-22.6dB
	-15.0dB
	-10.0dB
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