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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#71 RRM AH, PDCCH/PCFICH parameters setup and RLM evaluation period were discussed and the following WF was endorsed [1]:
· On PDCCH/PCFICH Parameters for OOS and INS: 
· Enhanced PDCCH/PCFICH parameters need to be defined for LC-MTC:
· 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 requirement) 
· 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 
· [1] dB, 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. 
· On RLM evaluation period: 
· Whether extend the RLM period or not is FFS
· Companies are encouraged to study this issue from RLM performance, legacy UE implementation impact, and power-saving perspectives, etc.
In this paper, we give a further discussion on the PDCCH/PCFICH parameters setup as well as the impacts.
Discussion
The purpose of RLM is to monitor the downlink radio link quality of the serving cell. During RLM the UE estimates the downlink radio link quality and compares the estimation to the out-of-sync (OOS) and in-sync (INS) thresholds Qout and Qin. The threshold Qout  and Qin for regular UEs are defined as the levels corresponding to 10% and 2% PDCCH BLER. 
Due to fact that the UE might not always be able to get the PDCCH BLER from decoding PDCCH channel, the monitor the downlink radio link is actually not based on the PDCCH BLER from decoding PDCCH channel, instead based on the CRS measurements. In order to obtain the thresholds RLM Qout  and Qin , hypothetical PDCCH transmission are defined in the Table 7.6.1-1 and Table 7.6.1-2 of the specification TS 36.133, which allows the UE to determine the thresholds threshold Qout  and Qin corresponding to 10% and 2% PDCCH BLER. 
For UE side, the specification does not define the particular CRS measurements for the thresholds Qout  and Qin. It would be up to UE’s implementation for the determination of the thresholds threshold Qout  and Qin  corresponding to 10% and 2% PDCCH BLE. 
For eNB side, the parameters defined in Table 7.6.1-1 and Table 7.6.1-2 are only for hypothetical PDCCH transmission. It does not require the eNB to use the PDCCH parameter settings in real system. Thus, the eNB may or may not follow the Table 7.6.1-1 and Table 7.6.1-2 for PDCCH transmission, depending on the eNB implementation. 
Impact of the hypothetical PDCCH transmission parameters 
Although eNB does not have to follow the hypothetical PDCCH transmission, it does not mean the parameter settings for the hypothetical PDCCH transmission are not import in the real system. As a matter of fact, since the UE determines the threshold Qout  and Qin  based on the hypothetical PDCCH transmission, the UE may not properly determine its in-sync and out-of-sync status when the parameters used in the eNB PDCCH transmission have large difference with the hypothetical PDCCH transmission. For example, if hypothetical PDCCH transmission has large power boosting for PDCCH, while eNB PDCCH transmission does not use PDCCH power boosting, the UE may not be able to make correct judgment on its INS/OOS status. 
· Observation 1: Although the eNB does not have to follow the parameter settings defined in Table 7.6.1-1 and Table 7.6.1-2 in TS 36.133 for PDCCH transmission, the system performance would be degraded if the eNB PDCCH transmission parameters have large differences with that of hypothetical PDCCH transmission due to the UE may not be able to make correct judgment on its INS/OOS status .Thus, it is important to minimize the difference of the parameter settings for the hypothetical PDCCH transmission to those used in real systems.
PDCCH/PCFICH Coverage for LC-MTC UEs 
For LC-MTC UEs, due to the fact that it has only 1Rx antenna, the PDCCH performance will be degraded in comparison with regular UEs with 2Rx antennas. It implies the PDCCH coverage for the LC-MTC UEs would be smaller than that for the regular UEs under the same PDCCH transmission parameter settings. 
If we want to keep the PDCCH coverage for the LC-MTC UEs as the same as, or near the same as that for the regular UEs, the ratio of PDCCH RE energy to average RS RE energy for the LC-MTC UEs would have be increased in comparison with that for regular UEs.
In the endorsed WF [1], when two or four antenna ports are used for cell-specific reference signal, the ratio of PDCCH RE energy to average RS RE energy was proposed to be increased from 1dB for regular UE to [4] dB for LC-MTC UE for OOS. The increase seems to be reasonable, considering the 1-3 dB was lost due to 1Rx antenna. When one antenna port is used for cell-specific reference signal, the ratio of PDCCH RE energy to average RS RE energy was proposed to be unchanged for INS. It implies that if one antenna port, the PDCCH coverage for the LC-MTC UEs will be smaller than that for regular UE, at least from RLM OOS point of view.
· Observation 2: With the parameters on the endorsed WF [1], when one antenna port is used for cell-specific reference signal, the PDCCH coverage for the LC-MTC UEs will be smaller than that for regular UE from RLM OOS point of view, while two or four antenna ports are used for cell-specific reference signal, the PDCCH coverage for the LC-MTC UEs might be able to be near that for the regular UE if the proposed the ratio of PDCCH RE energy to average RS RE energy of [4]dB is finally agreed.
In the endorsed WF [1], it proposed to reuse the ratio of PCFICH RE energy to average RS RE energy of the regular UEs for both for OOS and INS. The proposal is reasonable because PCFICH is not UE-specific channel, but Cell-specific channel. Changing the ratio of PCFICH RE energy to average RS RE energy would have impact on all UEs. This, however, means the PCFICH coverage for the LC-MTC would be unavoidably smaller than that for the regular UEs. It implies the effort to increase the PDCCH coverage to be the same as the regular UE would be constrained by the fact that PCFICH coverage for the LC-MTC.
· Observation 3: If the ratio of PCFICH RE energy to average RS RE energy of the regular UEs for regular UE would be reused for LC-MTC UEs according to the endorsed WF [1], the increase the PDCCH coverage for LC-MTC UE would be constrained by the fact that PCFICH coverage for the LC-MTC is still smaller than that for the regular UE.
PDCCH Parameters for In-Sync for LC-MTC UEs 
In the endorsed WF [1], when two or four antenna ports are used for cell-specific reference signal transmission by the Pcell, the proposed ratio of PDCCH RE energy to average RS RE energy is increased from -3dB to [1]dB. 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 is still FFS.
If we follow the case for OOS parameter settings, where the ratio of PDCCH RE energy to average RS RE energy for the LC-MTC UE is the same as the regular UE, or allowing the PDCCH coverage for the LC-MTC UEs be smaller than that for regular UE when one antenna port is used for cell-specific reference signal transmission, then the ratio of PDCCH RE energy to average RS RE energy for OOS should also be re-used for the LC-MTC for consistency. 
· Observation 4: To keep the consistency between the OOS and INS for LC-MTC UEs , the ratio of PDCCH RE energy to average RS RE energy for INS for regular UE may also be reused for LC-MTC UEs when one antenna port is used for cell-specific reference signal. In this case, the PDCCH coverage for LC-MTC UEs when one antenna port is used for cell-specific reference signal will be smaller than regular UEs.
Summary 
In this paper, we gave a further discussion on the PDCCH/PCFICH parameters setup based on the WF endorsed in RAN4#71 RRM AH [1] with the following observations:
· Observation 1: Although the eNB does not have to follow the parameter settings defined in Table 7.6.1-1 and Table 7.6.1-2 in TS 36.133 for PDCCH transmission, the system performance would be degraded if the eNB PDCCH transmission parameters have large differences with that of hypothetical PDCCH transmission due to the UE may not be able to make correct judgment on its INS/OOS status .Thus, it is important to minimize the difference of the parameter settings for the hypothetical PDCCH transmission to those used in real systems.

· Observation 2: With the parameters on the endorsed WF [1], when one antenna port is used for cell-specific reference signal, the PDCCH coverage for the LC-MTC UEs will be smaller than that for regular UE from RLM OOS point of view, while two or four antenna ports are used for cell-specific reference signal, the PDCCH coverage for the LC-MTC UEs might be able to be near that for the regular UE if the proposed the ratio of PDCCH RE energy to average RS RE energy of [4]dB is finally agreed.

· Observation 3: If the ratio of PCFICH RE energy to average RS RE energy of the regular UEs for regular UE would be reused for LC-MTC UEs according to the endorsed WF [1], the increase the PDCCH coverage for LC-MTC UE would be constrained by the fact that PCFICH coverage for the LC-MTC is still smaller than that for the regular UE.

· Observation 4: To keep the consistency between the OOS and INS for LC-MTC UEs , the ratio of PDCCH RE energy to average RS RE energy for INS for regular UE may also be reused for LC-MTC UEs when one antenna port is used for cell-specific reference signal. In this case, the PDCCH coverage for LC-MTC UEs when one antenna port is used for cell-specific reference signal will be smaller than regular UEs.
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