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1
Introduction
The discussion on radio link monitoring (RLM) in the eMTC Work Item [1] has converged on a definition of simulation assumptions [2], [3].  Initial results and views were shared in [4], [5], [6], [7].  A CR to TS 36.133 [8] was approved in [8].  This paper presents Intel’s RLM simulation results according to the agreed assumptions and provides a number of recommendations for a follow-up CR on this topic.
2
Discussion
Referring back to the discussion on coverage enhancement levels in the context of other RRM procedures, such as RSRP requirements, cell re-selection, and PRACH, we observe the following general relationship, as shown in Table 1:
Table 1: Relationship between CE levels and SNR

	CE Level
	DL SNR range

	Normal coverage
	s > -6 dB

	CE Mode A
	-12 < s <= -6 dB

	CE Mode B
	-18 < s <= -12


Applying this relationship to the RLM discussion in CE (Modes A and B), the general intention is to define an in-sync (IS) test somewhere near the upper range of the SNRs corresponding to the CE level, and an out-of-sync (OoS) test somewhere near the lower range.  Thus, for CE Mode A, we seek to find an aggregation level (AL) that yields a 2% BLER around -7 dB SNR and an AL that yields a 10% BLER around -11 dB SNR.
Figure 1 below shows the simulation results for MPDCCH under the CE Mode A RLM assumptions.

[image: image1.emf]-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

10

-2

10

-1

10

0

DL SINR (dB)

MPDCCH BLER

MPDCCH BLER, AWGN, FDD, 2Tx, CEModeA, FO=50Hz, Distributed

 

 

RL2 AL4 2PRB

RL2 AL8 2PRB

RL2 AL16

RL4 AL4

RL4 AL8

RL4 AL16


Figure 1: CE Mode A simulation results (AWGN)
An aggregation level of 8 is a good candidate for the IS requirement:  our results show the 2% BLER outage is achieved at -5.8 dB SNR with this AL (when using 4 repetitions).  It is expected that with a greater number of repetitions (8 or more) the target of -7 dB can be achieved.  For the OoS requirement an AL of 16 can be used.  Our results show a value of -10.1 dB SNR can be achieved with AL16 and 4 repetitions.  It is expected that with a greater number of repetitions (8 or more) the target of -11 dB can be achieved.

The CR in [9] proposes the following MPDCCH transmission parameters:

Table 7.17.2-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode A
	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 
	RNote1
	R/2 Note1

	Aggregation level (ECCE)
	24
	8

	M-PDCCH Transmission type
	Distributed
	Distributed

	Note1: R is a configurable parameter defined in 36.331 and R>1.


Recommendation 1: It is our recommendation to maintain the IS AL of 8 and to change the OoS AL to 16.
Applying the relationship in Table 1 to the RLM discussion in CE Modes B, we seek to find an aggregation level (AL) that yields a 2% BLER around -13 dB SNR and an AL that yields a 10% BLER around -17 dB SNR.  Preliminary simulation results for CE Mode B are shown in Figure 2 below.
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Figure 2: CE Mode B simulation results (AWGN)
An aggregation level of 16 is a good candidate for the IS requirement:  our results show the 2% BLER outage is achieved at -14.4 dB SNR with this AL (when using 64 repetitions).  For the OoS requirement an AL of 24 is expected to be reasonable.
The CR in [9] proposes the following MPDCCH transmission parameters:

Table 7.17.4-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode B
	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
	RNote1
	R/2Note1

	Aggregation level (ECCE)
	24
	24

	M-PDCCH Transmission type
	Distributed
	Distributed

	Note1: R is a configurable parameter defined in 36.331 and R>1.


Recommendation 2: It is our recommendation to change the IS AL to 16 and to maintain the OoS AL at 24.
Regarding the evaluation period, we have the following description in the CR in [9]:
When the downlink radio link quality of the PCell estimated over the last 400 ms period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 400 ms Qout_CatM1 evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell estimated over the last 200 ms period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 200 ms Qin_CatM1 evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].
Applying similar reasoning from the RSRP accuracy and cell reselection requirement discussions, the evaluation period may need to be revisited for CE Mode requirements.
Recommendation 3: It is recommended to revisit the RLM evaluation period requirements and to consider an 800 ms evaluation period for OoS and a 400 ms evaluation period for IS.

On the topic of mobility, a number of simulations were made to check MPDCCH performance under EPA-1Hz conditions.  Figure 3 below illustrates these results.
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Figure 3: CE Mode A simulation results (EPA-1Hz)
Observation 1: MPDCCH demodulation performance is significantly degraded under any mobility scenarios.
3
Conclusions

In this paper we have presented Intel’s simulation results for radio link monitoring for eMTC under normal and enhanced coverage.  The following recommendations and observations have been made:
Recommendation 1: It is our recommendation to maintain the IS AL of 8 and to change the OoS AL to 16.

Recommendation 2: It is our recommendation to change the IS AL to 16 and to maintain the OoS AL at 24.

Recommendation 3: It is recommended to revisit the RLM evaluation period requirements and to consider an 800 ms evaluation period for OoS and a 400 ms evaluation period for IS.

Observation 1: MPDCCH demodulation performance is significantly degraded under any mobility scenarios.
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