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[bookmark: _Ref298777854]Introduction
In the RAN4#72 meeting, LC_MTC RLM parameters setup was further discussed. The following WF was acceptable for the group [1]:
· For OOS, the ratio of PDCCH RE energy to average RS RE energy is:
· 4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell (no change to current setup for legacy UE)
· when two or four antenna ports are used for cell-specific reference signal transmission by the PCell. 
· Option 1: 4 dB (as baseline)
· Option 2: 1 dB (No change to current setup for legacy UE)
· For INS, the ratio of PDCCH RE energy to average RS RE energy is:
· when single antenna port is used for cell-specific reference signal transmission by the Pcell
· Option 1: 0 dB (as baseline, no change to current setup for legacy UE)
· Option 2: 1 dB
· When two or four antenna ports are used for cell-specific reference signal transmission by the Pcell
· Option 1: 1 dB (as baseline)
· Option 2: -3 dB (no change to current setup for legacy UE)
· Both for OOS and INS, the “Ratio of PCFICH RE energy to average RS RE energy” of legacy UE is reused. 
· The PDCCH boosting and RLM evaluation period issues shall be concluded in RAN4 #72bis meeting.

The main concern for the RLM parameters change (i.e, boost power for hypothetical PDCCH transmission) is whether PDSCH can be reliably detected by the cell-edge LC_MTC UE when the coverage of control channel of LC_MTC is kept similar to legacy UE’s coverage. In this paper, we provide simulation results to check PDSCH performance under the condition in which UE claims In-Sync or Out-of-Sync.  
Simulation results
Link level simulation results for RLM
According to the LC_MTC discussion, the parameters as shown in Table 1 and Table 2 can be set as baseline for LC_MTC parameters, as shown in [1]. As one example, ETU 30 channel, 10 MHz is used and the antenna configuration is 2x1. Here, 1x1 is omitted since the baseline parameters for 1x1 are the same as 1x2.   Simulation results are shown in Figure 1. Based on the simulation results, the target SNR for RLM is tabulated in Table 3. More specifically, the target SNR for UE to claim In-Sync is -5.1 dB and the target SNR for UE to claim Out-of-Sync is -9.7dB for ETU 30 Channel. In the next section, the detection reliability of PDSCH under -5.1 dB (corresponding to In-Sync bound) and -9.7 dB (corresponding to Out-of-Sync) is investigated. 




[bookmark: _Ref395016854]Table 1: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



[bookmark: _Ref387242535]Table 2: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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[bookmark: _Ref399430369]Figure 1: Link level simulation results for LC_MTC RLM (Antenna configuration: 2x1)
[bookmark: _Ref399506617][bookmark: _Ref399506609]Table 3: The target SNR for LC_MTC RLM
	
	Target SNR at target BLER

	In-Sync
	-5.1 dB (@2% BLER)

	Out-Sync
	-9.7 dB (@10% BLER) 



Link level simulation results for PDSCH with the lowest MCS (MCS0)
For LC_MTC UE, when it is in the cell edge and the cell is planned according to normal UE coverage, at least two simple mechanisms can be employed to provide service, one is downlink power control, and one is to use multiple HARQ retransmissions. For MTC type communication, high data rate is not the main target, the reliability is much more important. To achieve reliability, both power control and multiple HARQ retransmissions are feasible. With reference to the analysis in [2] the range of PDSCH power boost is much wider than that of PDCCH. Obviously, power control can be used for reliable PDSCH transmission. Hence, in this section, we skip the power control mechanism and focus on the investigation of multiple HARQ retransmission mechanism. 
In Figure 2, Link level simulation results for PDSCH are provided. The simulation parameters are shown in Table 4. In the simulation, no power boost is used and the lowest MCS (MCS0) is selected as the target MCS. Further, residual BLER is used as the metric and the residual BLER after HARQ transmission is defined in [3] as follows:



: Number of correctly decoded MAC PDUs

: Number of transmitted MAC PDUs (Retransmitted MAC PDUs are not counted)
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[bookmark: _Ref399494014]Figure 2: Link level performance for PDSCH when MCS0 is used (Note: NO PDSCH power boost is considered)

[bookmark: _Ref399494858]Table 4: Simulation parameters for MCS0 PDSCH
	Parameters
	Unit
	

	Channel model
	
	ETU 30

	Bandwidth
	MHz
	10

	Downlink power 
Allocation
	dB
	

(Note 1)

	Allocated PRBs ()
	PRB
	6

	TBS index (
	
	0

	Antenna configuration
	
	2x1

	Maximum number of HARQ transmissions
	
	4 or 8

	Receiver
	
	Practical receiver

	Note 1: , NO power boost for PDSCH



From Figure 2, we can see that at the target SNR of In-Sync (-5.1dB), the residual BLER with 4 transmissions is much lower than 0.001. In other words, the data can be reliably received when UE claims it is In-sync with only 4 transmissions. At the target SNR of Out-Sync (-9.7 dB), the residual BLER with 8 transmissions is about 0.002. When UE claims it is Out-Sync, more HARQ transmissions are needed to keep the link. For other channel condition, the similar observations hold. In summary, we have the following observations:
Observations: LC_MTC can reliably receive PDSCH with lowest MCS when LC_MTC in the cell-edge when the coverage of the cell is determined by normal UE coverage. 
Based on the above observation, we can confirm the New RLM setup is reasonable. Hence, we propose:
· For OOS, the ratio of PDCCH RE energy to average RS RE energy is:
· 4 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell. 
· For INS, the ratio of PDCCH RE energy to average RS RE energy is:
· 1 dB; When two or four antenna ports are used for cell-specific reference signal transmission by the Pcell
Conclusion
Based on link level simulation results for PDSCH with MCS0, we have the following observations:
Observations: LC_MTC can reliably receive PDSCH with lowest MCS when LC_MTC is at the cell-edge when the coverage of the cell is determined by normal UE coverage. 
Based on the above observation, we proposed:
· For OOS, the ratio of PDCCH RE energy to average RS RE energy is:
· 4 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell. 
· For INS, the ratio of PDCCH RE energy to average RS RE energy is:
· 1 dB; When two or four antenna ports are used for cell-specific reference signal transmission by the Pcell
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