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1
Introduction
RAN4#82bis agreed with the applicability of Rel-13 RRM requirements for non-BL/CE UE as follow [1]:

· Normal coverage/CEMode A: 
· Reuse existing core requirements for cat-M1 in normal coverage/CEMode A
· Enhanced coverage/CEMode B: 
· Reuse existing core requirements for cat-M1 in enhanced coverage/CEMode B

For non-BL/CE UE RRM requirements in Rel-14, it was agreed that: 

· Following core requiremens should be investigated for enhancement assuming 2 Rx under both cases: 1) normal coverage/CEMode A and 2) enhanced coverage/CEMode B  
· RLM evaluation period
· SI (MIB and SIB1-BR):
· All core requirements which require UE to acquire SI of target cell
· RSRP and RSRQ measurement periods and accuracy
· Requirements other than those for cat-M1 and cat-M2 are FFS
In this contribution we discuss RLM requirements for non-BL/CE UE in Rel-14.
2
RLM requirements for non-BL UE

2.1
Discussion 
Radio link monitoring (RLM) is a functionality to monitor the quality of the serving cell. For RLM, UE estimates the downlink radio link quality and compare it with the threshold Qout and Oin every radio frame. If the quality level is lower than Qout, UE judges it is out-of-synch. If the quality level is higher than Qin, then UE judges it is in-synch. For BL/CE UEs such as Category M1 or M2, Qout is derived from 10% BLER of the hypothetical MPDCCH transmission and Qin is derived from the 2% BLER of the hypothetical MPDCCH transmission, because BL/CE UEs should monitor MPDCCH instead of PCFICH/PDCCH. 
The quality level evaluation is supposed to be based on estimated SNR values from the cell-specific reference symbols. In TS36.133, the out-of-synch evaluation period and in-synch evaluation period for CE Mode A is specified as 400ms and 200ms, respectively, when no DRX is used. Similarly, the out-of-synch evaluation period and in-synch evaluation period for CE Mode B is specified as 4,000ms and 2,000ms, respectively, when no DRX is used. These L1 measurement periods are derived from the assumption UE has only single receiver antenna. 
RAN4 has discussed RLM requirements for non-BL UE supporting coverage enhancement. These UEs should also monitor MPDCCH for coverage enhancement, but it is assumed these UEs can receive signals with two or more receive antennas. We show our MPDCCH for RLM simulation results with 2Rx and discuss the measurement period for non-BL UE.  
2.2
Simulation parameters

Table 1 is the simulation parameters used for evaluating RLM in UE Category M1 [3]

 REF _Ref477349232 \r \h 
[4].  
Table 1
Simulation parameters for RLM for coverage enhancement UE with 2Rx.

	Parameter
	MPDCCH (CE Mode A)
	MPDCCH CE Mode B

	DCI format
	DCI Format 6-1A
	DCI Format 6-1B

	System Bandwidth
	10 MHz
	10 MHz

	Channel model
	AWGN
ETU30Hz
	AWGN
ETU30Hz

	Antenna configuration
	2x1
	2x1

	Number of information bits (without 16 bits CRC)
	FDD: 28
	FDD: 18

	Antenna correlation
	Low
	Low

	Aggregation level and Repetition level
	(24,8), (8,4), (16,4), (4,2)
	(16,256), (4,128), (16,128), (4,64)

	Starting OFDM symbols (CFI)
	2
	2

	Frequency hopping
	OFF
	OFF

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

	Transmission type configured to UE
	Distributed
	Distributed

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

	Channel Estimation
	DMRS based
	DMRS based

	UE residual frequency error
	50 Hz
	50 Hz


2.3
Simulation results for non-BL UE with CE Mode A 
Figure 1 and Figure 2 compare the CE Mode A MPDCCH demodulation performance between 1Rx and 2Rx with the same aggregation level (AL) and repetition level (RL) condition. With the same fading channel and AL/RL sets, the required SNR for 2Rx UE is 2-3dB better than that for 1Rx UE, to achieve 10%/2% MPDCCH BLER.
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Figure 1
Simulation results for MPDCCH demodulation performance for CE Mode A, AWGN.
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Figure 2
Simulation results for MPDCCH demodulation performance for CE Mode A, ETU30.
2.4
Simulation results for non-BL UE with CE Mode B

Figure 3 and Figure 4 compare the CE Mode B MPDCCH demodulation performance between 1Rx and 2Rx with the same AL/RL condition. As it is observed in CE Mode A, with the same fading channel and AL/RL sets, the required SNR for 2Rx UE is 2-3dB better than that for 1Rx UE, to achieve 10%/2% MPDCCH BLER.
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Figure 3
Simulation results for MPDCCH demodulation performance for CE Mode B, AWGN.
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Figure 4
Simulation results for MPDCCH demodulation performance for CE Mode B, ETU30.
Observation: MPDDCH demodulation performance with 2Rx UE is about 2-3dB better than 1Rx UE considering 2%/10% BLER. 
3
Measurement period for non-BL UE supporting coverage enhancement
From our observation, the MPDDCH demodulation performance with 2Rx is improved by 2-3dB from 1Rx. This means MPDCCH repetition level can be reduced to 0.5 ~ 0.63 to achieve the same MPDCCH BLER. We think this performance gain can be applicable to the evaluation period, because in our understanding, the current evaluation period for BL UE is, more or less, derived from the possible MPDCCH repetition number. 
For CE Mode A, if we consider 2dB performance gain, the evaluation period is 400ms * 0.63 ≈ 260ms for out-of-synch scenario and 200ms * 0.63 ≈ 130ms for in-synch scenario.

Proposal 1: For non-BL UE supporting CE Mode A, the L1 measurement periods for out-of-synch is 260ms and for in-synch is 130ms. 

For CE Mode B, if we consider 2dB performance gain, the evaluation period is 4,000ms * 0.63 ≈ 2,560ms for out-of-synch scenario, and 2,000ms * 0.63 ≈ 1,280ms for in-synch scenario.
Proposal 2: For non-BL UE supporting CE Mode B, the evaluation measurement periods for out-of-synch is 2,560ms and for in-synch is 1,280ms. 
4
Conclusion

Observation: MPDDCH demodulation performance with 2Rx UE is about 2-3dB better than 1Rx UE considering 2%/10% BLER. 
Proposal 1: For non-BL UE supporting CE Mode A, the L1 measurement periods for out-of-synch is 260ms and for in-synch is 130ms. 

Proposal 2: For non-BL UE supporting CE Mode B, the evaluation measurement periods for out-of-synch is 2,560ms and for in-synch is 1,280ms. 
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Appendix

Table 7.19.2-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode A [2]
	Attribute
	Out-of-sync
	In-sync

	DCI format
	6-1A
	6-1A

	Starting OFDM symbols
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

	Maximum M-PDCCH repetition level 
	Rmax Note1
	Rmax /2 Note1

	Aggregation level (ECCE)
	L’max Note2
	L’max-2Note2

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:
Rmax is determined by the configurable parameter mPDCCH-NumRepetition defined in 36.331 and Rmax>1.

NOTE 2:
L’max and L’max-2 is derived from the configurable parameter numberPRB-Pairs defined in 36.331. L’max is 24, 16 and 8, if numberPRB-Pairs is 6, 4 and 2, respectively. L’max-2 is the aggregation level two levels below L’max, and L’max-2 is 8, 4 and 2, if numberPRB-Pairs is 6, 4 and 2, respectively.


Table 7.19.4-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode B [2]
	Attribute
	Out-of-sync
	In-sync

	DCI format
	6-1B
	6-1B

	Starting OFDM symbols
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

	Maximum M-PDCCH repetition level
	RmaxNote1
	Rmax/2Note1

	Aggregation level (ECCE)
	L’max Note2
	L’max-2 Note2

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:
Rmax is determined by the configurable parameter mPDCCH-NumRepetition defined in 36.331 and Rmax>1.

NOTE 2:
L’max and L’max-2 is derived from the configurable parameter numberPRB-Pairs defined in 36.331. L’max is 24, 16 and 8, if numberPRB-Pairs is 6, 4 and 2, respectively. L’max-2 is the aggregation levels two levels below L’max, and L’max-2 is 8, 4 and 2, if numberPRB-Pairs is 6, 4 and 2, respectively. 
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