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1
Introduction
The ratio link monitoring (RLM) requirements are under discussion in RAN4 for 36.133 specification to support Rel-12 low cost MTC UE (Category-0 UE) [1][2].  Based on the legacy Rel-8 RLM requirements, the new requirements of LC-MTC are needed to address the 1Rx impact of low-cost MTC.  Simulation results from companies have been provided to evaluate potential impacts of 1Rx on PDCCH and PDSCH [3][4][5][6] in several RAN4 meeting.  During the last RAN4 #72bis meeting, it was decided that the RLM requirements shall be decided in the coming meeting to close the core requirements for LC-MTC (from RAN4 #72bis Chairman notes).
One proposal to modify the legacy Rel-8 RLM requirements for 1Rx LC-MTC is based on the consideration of potential loss of coverage [5][2].  The proposal is to boost PDCCH in the parameter setup of RLM requirements.  The 3dB or 4dB power boosting of PDCCH, as proposed in [2][8], is proposed to apply to the out-of-sync and in-sync setup when 2 or 4 Tx antenna ports are used.  With the power boosting of PDCCH, at least the coverage of PDCCH of 1Rx will be improved to reach the similar performance of legacy UE with 2Rx.  However, concerns were raised by companies on potential PDSCH issues and overall network impact [3][6].
This contribution provides our view on the PDCCH “power boosting” for LC-MTC RLM requirements.  The paper is a follow-up of our discussion in RAN4 #72bis.  Further discussion and analysis are provided in the contribution to provide inputs on the RLM specification for Rel-12 low cost MTC.
2
Discussion on coverage loss due to 1Rx

In RAN4, companies have already provided simulation results on PDCCH and PDSCH performance of 1Rx with consistent observations [3][4][5][6].  In general, compared to the 2Rx, the performance PDCCH with 1Rx will have about 3~4dB degradation, and the degradation of PDSCH is about 2~4 dB, depending on scenarios and propagation channels.  The performance degradation due to 1Rx is reasonably expected because 1Rx will lose receiving diversity compared to 2Rx receiver.  
Based on the simulation results and from general considerations of 1Rx, it is understandable that there will be coverage loss for 1Rx UE, compared with legacy LTE UE with 2Rx.  In order to enhance coverage that including the potential coverage loss of 1Rx, RAN1 have considered various approaches to improve coverage with some sacrifice of latency, data throughput, or transmission efficiency.  However, most of these approaches belong to the coverage enhancement WI, which is now extended into Rel-13 MTC.  
It is always desirable for operators to keep similar coverage even for 1Rx, as pointed out in [7], since LC-MTC devices will be likely co-existed with other LTE UEs.  

What are the potential solutions to improve 1Rx coverage without significant network impact?  From RAN1 discussion on coverage enhancement, there are multiple approaches such as using repetition transmission, PSD boosting, and using longer HARG cycles that could be able to improve coverage for certain channels.  Many of these approaches are still under discussion in Rel-13 MTC WI.  However, the solutions to compensate the 1Rx for low-cost MTC are quite limited.
2.1
Power boosting

Power boosting is a simple approach to compensate SNR due to 1Rx degradation.  As proposed in [7] and later revised in [2], PDCCH could be power boosted by 3dB for out-of-sync setup for RLM requirements.  The 3dB power boosting will be helpful to compensate the 3~4dB degradation of 1Rx and thus it could achieve similar coverage performance to that of legacy PDCCH with 2Rx.
Meanwhile, the 1Rx degradation does apply not only to PDCCH but also to all other channels as well.  For example, PDSCH will generally suffer 2~4dB degradation and thus it might need power-boosting to keep up with the control channel.  Boosting all channels means the increasing of overall Tx power.  For noise-limited network, increasing of Tx power could be useful and harmless; however, for more general cases such as interference limited networks, increasing of eNB Tx power will certainly increase overall interference level.  The increased interference could have network impact, which should be carefully studied.  With this consideration, it is not desirable to power boost all channels.
The PDCCH power boosting proposed in [2] is only applied to PDCCH without power boosting of PDSCH and other channels.  The proposals in [2][8] call for up to 4dB power boosting for PDCCH.  For the out-of-sync measurement, when the UE is measuring the radio link quality to compare with the threshold Qout, the parameter setup assumes extra 3dB power boosting for PDCCH when the number of Tx antenna ports is 2 or 4; and for in-sync measurement, the PDCCH is power boosted by 4dB for 2Tx or 4Tx antenna ports.
As pointed out from simulation results in [3][6], PDSCH, as well as other channels, will suffer 1Rx performance degradation.  PDSCH will have about 2~4dB degradation due to 1Rx.  Power boosting of PDCCH can only solve the coverage problem for PDCCH but won’t solve the coverage loss of PDSCH.  The impact of PDSCH and other channels should be carefully studied when the power-boosting PDCCH is applied for RLM requirements.
2.2
Potential problems of PDCCH power boosting

Let’s use the out-of-sync measurement as an example to analyze the impact of power boosting of PDCCH for LC-MTC UE.  Assume a LC-MTC UE operate at the SNR_oos that is about 3dB worse than that of radio link quality threshold Qout, based on the legacy RLM measurement.  At this level, the radio link quality is “out-of-sync”, reflecting a poor radio link quality UE at the cell-edge at the extreme case.  Other channels, including PDSCH, shall experience similar poor performance.

If the power boosting of PDCCH is applied, as proposed in [2], with 3 dB for Tx2, the PDCCH will have 3dB gain, resulting that the UE’s PDCCH operates at SNR_oos+3dB level.  At such level, the PDCCH would reach better than 10% BLER performance, where no out-of-sync will be assessed to higher layers.  This means that the radio link quality is not worse than the threshold Qout.  However, the fact that poor radio link quality of other channels won’t change at all.  The radio link quality based on the boosted PDCCH contracts to the fact that the radio link is still poor for other channels other than PDCCH.  Therefore, the power boosted PDCCH indicator is an “artificial” indicator without actual reflection of radio link quality of other channels in the network.
Simulation results, based on throughput, illustrate the degraded PDSCH performance [3][6].  From [3], the simulation shows that the PDSCH throughput of LC-MTC with 2 CRS ports reaches almost to zero when SNR level is equal to Qout, when the 3dB power boosting of PDCCH is applied.  The similar results are also shown in [6].  Power boosting of PDCCH will resulting in failure of reporting of RLF when the actual PDSCH becomes unreliable.
Instead of using throughput to determine PDSCH performance, residual BLER of PDSCH is applied in [2] to show PDSCH impact when power boosting PDCCH is applied.  With maximum re-transmission up to 8, it is argued in [2] that PDSCH is still viable at SNR=Qout, when power boosted PDCCH is used, although it is shown that PDSCH with maximum re-transmission of 4 will fail at SNR=Qout.  This reflects the degraded PDSCH performance with 1Rx, and it is hard to argue that PDSCH can still maintain sufficient radio link quality, or at least the Rel-8 radio link quality.
Besides, the new RLM requirements, if adopted, could cause discrepancy in RLM for different UE categories. If the PDCCH power boosting setup is applied to define RLM requirements, category-0 UE will have to tolerate much lower radio link quality than other category UE.  As for low-cost implementation, it is very unlikely that LC-MTC would provide better performance than other LTE UE.  Therefore, it won’t help UE to solve the coverage problem. 
In general, the new proposed RLM requirements with PDCCH power boosting provide an artificial radio quality indicator without solving the potential coverage loss problem.  Instead, it might cause unnecessary PDSCH transmission with the false indicator of radio link quality.
Based on the analysis, we propose to keep the legacy Rel-8 RLM requirements for LC-MTC:
Proposal: Adopt Rel-8 RLM requirements for Rel-12 low-cost MTC.
The coverage issue of MTC, as well as coverage enhancement, is still under the Rel-13 MTC WI.  Rel-13 MTC could be able to address this issue more comprehensively.  For Rel-12 LC-MTC, we can leave the coverage problem open and wait until Rel-13 to have a better solution.
3
Conclusion
This paper addresses the RLM requirements for low-cost MTC, particularly on the power boosting PDCCH approach in RLM parameter setup.  Base on our analysis, the PDCCH power boosting cannot solve the coverage issue due to 1Rx because of similar impact on PDSCH and other channels.  We propose to keep the Rel-8 RLM requirements without further PDCCH power boosting for Rel-12 low-cost MTC.
Proposal: Adopt Rel-8 RLM requirements for Rel-12 low-cost MTC.
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