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1 Introduction

In RAN4 #71AH meeting, a way forward on RLM requirements for LC-MTC was agreed in [1], and the agreements for PDCCH/PCFICH transmission parameters for LC-MTC UEs were reached as following:

· On PDCCH/PCFICH Parameters for OOS and INS: 

· Enhanced PDCCH/PCFICH parameters need to be defined for LC-MTC:

· For INS, 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.

· when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
· [4dB], and other options are not excluded.
· For INS, the ratio of PDCCH RE energy to average RS RE energy is:

· [FFS] dB; when single antenna port is used for cell-specific reference signal transmission by the PCell 

· when two or four antenna ports are used for cell-specific reference signal transmission by the Pcell 

· [1dB], and other options are not excluded.
· Both for OOS and INS, the “Ratio of PCFICH RE energy to average RS RE energy” of legacy UE is reused. 

During RAN4#72 meeting, the PDCCH power boosting of LC-MTC UEs for out-of-sync and in-sync was widely discussed, but the final conclusion was not reached. In this contribution, we will discuss the impacts of power boosting on radio link monitoring for low-cost MTC.
2 Discussion on Power Boosting for LC-MTC RLM
For the purpose of monitoring downlink radio link quality of the PCell, UE shall estimate the downlink link quality based on CRS and compares it to the thresholds Qout and Qin corresponding to 10% and 2% PDCCH BLER. The threshold Qout/Qin is used to estimate whether the PCell has a bad or good radio link quality. UE determines the threshold Qout and Qin based on the hypothetical PDCCH transmission with PDCCH/PCFICH transmission parameters specified in the Table 7.6.1-1 and Table 7.6.1-2 of the specification TS 36.133.
In RAN4, the RLM requirements for low complexity UEs with 1Rx have been discussed for several meetings. Basically, the following principles should be considered:
· Principal 1: the PDCCH coverage for the LC-MTC UE can be able to be near that for the regular UE.
· Principal 2: The SNR level difference between Qout and Qin shall be large enough to differentiate the out-of-sync and in-sync.
· Principal 3: The UE could be able to detect out-of-sync or in-sync in a suitable radio propagation condition.
During the discussion on PDCCH transmission parameter settings of low complexity UEs, the ratio of PDCCH RE energy to average RS RE energy and the ratio of PCFICH RE energy to average RS RE energy were analyzed. It proposed to reuse the ratio of PCFICH RE energy to average RS RE energy of the regular UE for both for OOS and INS. The proposal is reasonable because PCFICH is not UE-specific channel but cell-specific channel. Hence, the ratio of PDCCH RE energy to average RS RE energy was the focus of this issue. For PDCCH power boosting of low complexity UEs, two options were proposed:

· Option 1: Legacy parameters are reused
The PDCCH performance difference between 1Rx UEs and 2 Rx UEs was extensively studied in [2 - 4]. Based on the simulation results, the significant PDCCH performance degradation with 1Rx antenna is observed in comparison with regular UEs with 2Rx antennas when legacy PDCCH/PCFICH parameters are reused. The PDCCH performance gap between 1Rx antenna and 2 Rx antennas is about 3~4dB. It implies the PDCCH coverage for the LC-MTC UE would be smaller than that for the regular UE under the same PDCCH transmission parameter settings. Therefore, principle 1 couldn’t be guaranteed in this solution, if there are no more nodes deployed in network to enhance the coverage.

Based on the simulation results in [4], the PDSCH throughput gap between 1Rx and 2 Rx is about 3~4dB, consistent with the PDCCH performance difference. Due to the similar degradation between PDCCH performance and PDSCH performance, it seems that the evaluated RLM results by the LC-MTC UE could reflect the radio link quality. However, the data transmission for LC-MTC UEs will be impacts due to the degradation in PDSCH performance. The throughput loss due to the fact of single antenna receiver couldn’t be solved by reusing legacy parameters.
Observation 1: When legacy PDCCH/PCFICH parameters are reused, the PDCCH coverage will be reduced for LC-MTC UEs in comparison with regular UEs, if no more nodes are deployed in network to enhance the cell coverage.
Observation 2: The PDSCH throughput will be suffered for LC-MTC UEs in comparison with regular UEs, if nothing is done to compensate for the degraded receiver performance.
· Option 2: Enhanced parameters are defined
In order to keep the PDCCH coverage for the LC-MTC UE near the same as that for the regular UE, the ratio of PDCCH RE energy to average RS RE energy for the LC-MTC UEs would be increased in comparison with that for the regular UE. The upper limit of RE power control dynamic range for PDCCH is 4dB, which is defined in 36.104.
When single antenna port is used for cell-specific reference signal transmission by the PCell, the ratio of PDCCH RE energy to average RS RE energy for out-of-sync is 4dB for the regular UE and cannot be increased for the LC-MTC UE due to the upper limit in RF. It cannot increase the LC-MTC coverage via PDCCH power boosting for single antenna port case. When two or four antenna ports are used for cell-specific reference signal transmission by the PCell, the ratio of PDCCH RE energy to average RS RE energy for out-of-sync is 1dB for regular UEs and is proposed to be increased to 4 dB for LC-MTC UEs. Considering principal 2, the ratio of PDCCH RE energy to average RS RE energy for in-sync is proposed to be increased to 1 dB for LC-MTC UEs. With 3~4dB additional PDCCH power boosting, the PDCCH coverage for LC-MTC UEs could approach that for regular UEs. In practical network, however, the case with two antenna ports is more common usage than the case with single antenna port. Therefore, principle 1 might be guaranteed in this solution.
For principal 3, it is argued that the evaluated RLM results based on enhanced parameters might not accurately reflect the radio link quality given the degradation in PDSCH performance. But something could be done to compensate for the degraded PDSCH performance. The eNB can optimize the PDSCH transmission by adapting the transmission power level, or additional PDSCH power boost for LC-MTC UEs is expected in order to achieve similar PDSCH coverage with normal UEs.
Observation 3: When enhanced PDCCH/PCFICH parameters are reused, the PDCCH coverage for LC-MTC UEs could be enhanced near the same as that for regular UEs when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
Observation 4: The PDSCH coverage for LC-MTC UEs could be enhanced by optimizing the transmission, e.g. adapting the transmission power level, or additional PDSCH power boosting for LC-MTC UEs.
3 Conclusion

In this contribution, we give our analyses of the impacts of power boosting on radio link monitoring for low-cost MTC. Based on the analysis in this paper, we can obtain the following observations:

Observation 1: When legacy PDCCH/PCFICH parameters are reused, the PDCCH coverage will be reduced for LC-MTC UEs in comparison with regular UEs, if no more nodes are deployed in network to enhance the cell coverage.

Observation 2: The PDSCH throughput will be suffered for LC-MTC UEs in comparison with regular UEs, if nothing is done to compensate for the degraded receiver performance.
Observation 3: When enhanced PDCCH/PCFICH parameters are reused, the PDCCH coverage for LC-MTC UEs could be enhanced near the same as that for regular UEs when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
Observation 4: The PDSCH coverage for LC-MTC UEs could be enhanced by optimizing the transmission, e.g. adapting the transmission power level, or additional PDSCH power boosting for LC-MTC UEs.
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