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1 Introduction

In the previous RAN4 meetings, how to define RLM requirements and testing parameters for LC-MTC with 1Rx were extensively discussed. The simulation assumptions to investigate RLM performance for LC-MTC with 1Rx were agreed in [1]. For the PDCCH/PCFICH parameters setup, there are two options to be decided [4]:

· Option 1: Keep PDCCH/PCFICH parameters for LC_MTC 

· Option 2: Modify PDCCH/PCFICH parameters for LC_MTC.

In this paper, further considerations on PDCCH/PCFICH parameters for LC- MTC RLM testing are provided. 

2 Further discussion
In general, the purpose of RLM test is to verify that the UE properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality [2]. 
For low cost MTC RLM testing, as 1 RX is the baseline simulation assumption, PDCCH BLER performance will be degraded compared to the RLM testing parameters in Rel10 [2] for legacy UE with 2RX. In order to achieve the equivalent BLER performance and coverage as the legacy UE in Rel10, a straightforward way was proposed in [3] to apply more power boosting on PDCCH REs especially in out-of-sync RLM testing for which it seems impossible to increase CCE aggregation level as what in-sync RLM test cases can do 
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Figure 1. Illustration of power boosting for LC-MTC

More specifically as illustrated in Figure 1, by using the extra power boosting for the PDCCH/PCFICH transmission parameters setup, when the SNR of PDCCH is higher than the threshold “SNR_Qout”, the corresponding downlink radio link for LC-MTC with 1Rx can be recognized as a reliable one since <=10% block error rate of PDCCH can be observed. However in [5] it was also pointed out that the power boosting can be applied for PDCCH only. Hence without same power boosting as that of PDCCH in RLM testing, PDSCH of LC-MTC with 1Rx may not be detected correctly even when SNR level is higher than the threshold “SNR_Qout”. In other words, the PDSCH throughput of LC-MTC with 1RX (denoted as “G1” in Figure 1) at “ SNR_Qout” shall be tested also to see whether there is reliable PDSCH receiving when the radio link quality has been identified as reliable. Otherwise, the feasibility to further power boost PDCCH/PCFICH could be doubtable. 

3 Simulation results
The simulation assumption for LC-MTC PDCCH is based on [1] which is also given in Table 1 below. And for PDSCH reliable receiving at low SINR, particularly MCS0 are simulated. Based on both PDCCH and PDSCH performance simulation results presented below, the feasibility of power boosting for PDCCH in LC-MTC RLM testing will be analyzed.
Table 1: PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration: 2 cases
	1x1 and 2x1

	Antenna correlation
	Low

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH/PCFICH RE energy to average RS RE energy
	(4 dB) for (1x1) antenna configuration

(1 dB) for (2x1) antenna configuration

	DRX
	OFF

	L1 evaluation period: 2 cases
	200 ms, 400 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 2: Simulation assumption PDSCH

	Parameter
	　Value

	Sub-frame configuration
	PDSCH scheduled in SF 1, 2, 3, 4, 6, 7, 8, 9 (8 SF in one radio frame) 

	MCS
	0

	TBS
	1384

	Antenna configuration and correlation matrix
	1x1,1x2,2x1, 2x2 Low

	Channel model
	AWGN, ETU30 and ETU70

	UE Categories
	1

	Bandwidth
	10MHz, 50RBs


The simulation results of PDCCH BLER for out-of-sync and PDSCH throughput are given in the Figure2 and Figure3 respectively.
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Figure 2.PDCCH simulation results
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Figure 3.PDSCH simulation results

Observation 1: PDSCH throughput with 1Rx will be degraded about 2~3dB also. That is LC-MTC UE with 1Rx can’t obtain the same throughput as that of UE with 2Rx if their SNR level of PDSCH RE are same and no power boosting is applied to PDSCH RE. 
Observation 2: Given about 3dB additional power boosting, the PDCCH RE SNR level of Qout for LC-MTC with 2 CRS ports and 1Rx can be set up as about -12dB, -10dB and -10dB for AWGN, ETU30 and ETU70 propagation channel respectively. In these cases, the PDSCH throughput of LC-MTC with 2 CRS ports and 1Rx is almost close to zero even with lowest MCS (e.g. MCS0) when SNR level is equal to Qout. For 1 CRS port cases, same observation can be obtained. 
Observation 3: The LC-MTC UE with 1Rx can’t receive any PDSCH packet when SNR level is equal to “Qout” although PDCCH BLER can be less 10% with power boosting on PDCCH RE. In other words, for LC-MTC with 1RX there is not any reliable PDSCH receiving at SNR of “Qout”. Nevertheless the radio link quality can be justified as reliable by RLM testing with same SNR level as Qout in case of additional power boosting applied to PDCCH RLM testing parameters. Obviously this misdetection of RLF will lead the unnecessary PDSCH transmission because of improper RLM configuration. 
Based on the observation above, we propose:
Proposal 1:  For LC-MTC with 1RX, the further power boosting for PDCCH is problematic because the PDCCH/PCIFCH RLM testing with additional power boosting can’t monitor the overall radio link quality properly which may lead unnecessary PDSCH transmission. 

4 
Conclusion

In this contribution RLM simulation results for low cost MTC with 1Rx are provided. And the more detailed analysis on the proper PDCCH RLM testing parameters is presented also. The following proposals can be drawn as:
Proposal 1:  For LC-MTC with 1RX, the further power boosting for PDCCH is problematic because the PDCCH/PCIFCH RLM testing with additional power boosting can’t monitor the overall radio link quality properly which may lead unnecessary PDSCH transmission. 
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