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1 Introduction
RAN4 has discussed RRM measurement performance for Rel-13 MTC UEs in normal coverage and enhanced coverage for the last few meetings. Good progress was made at RAN4#76 meeting which resulted in 3 LS responses [1, 2, 3].  

In this contribution we provide our view on remaining work on RRM requirements for Rel-13 LC/EC UEs operating in enhanced coverage in RRC_CONNECTED state. Section 2 contains discussions and analysis on what requirements need to be defined and considerations to be taken into account when defining those.
2 Discussion
2.1 Rel-13 MTC cases
2.1.1 Requirements for Rel-13 MTC in enhanced coverage in RRC_IDLE state
The objective of introducing extended coverage to Rel-13 MTC is to achieve significant coverage improvement of Rel-13 EC UEs in comparison to what is possible with Rel-12 category 0 UEs. The coverage enhancement can be up to 15 dB and these UEs are also expected to have reduced UE bandwidth of 1.4 MHz.  This will have some impact on existing RAN4 procedures. With these characteristics in mind, in following subsections we discuss RRM requirements which may be affected and considerations to take into account when defining new requirements.
2.1.1.1 RRM measurements
Many RAN4 procedures rely on accurate RRM measurements. The RRM measurements, e.g. RSRP and RSRQ, are measured over cell specific reference signals (CRS) over a single or multiple subframes. The CRS are always transmitted and can be measured on any available downlink subframe. RAN4 simulation assumptions on RSRP and RSRQ measurements typically assume 6 PRBs. 
It has been observed in [4] that the measurement accuracy performance is degraded at very low SNR levels. This means that the existing cell measurement requirements cannot be met by Rel-13 EC UEs when operating at such low SNR levels. This may have a consequence on other RRM procedures that relies on accurate measurements.  RAN4 is therefore required to define new measurement accuracy requirements for Rel-13 EC UEs by taking into consideration its operational characteristics. 
· Observation #1: RAN4 needs to define new measurement requirements for Rel-13 MTC UEs when operating under enhanced coverage. 
RAN4 RRM measurement accuracy requirements are defined for AWGN channel conditions. Rel-12 category 0 cell measurement requirements are defined in section 9.1.13 in TS 36.133. 
RSRP simulation results from different companies assuming different estimation techniques have been summarized in [4]. The results in “coverage enh AWGN” tab in [4] show that at -12 dB SNR the absolute RSRP is below 7dB which is the Rel-12 category 0 requirement. This absolute RSRP requirement in this case already includes the RF margin.  It can be seen that most company results except 1 have absolute RSRP accuracy below 5 dB and the result which is between 5dB and 7dB has estimated RSRP over 1 subframe.  We therefore propose the following:
· Proposal #1: Rel-12 category 0 absolute RSRP requirements can be reused down to -12 dB SNR. 
However, at lower SNR (<-12 dB) it is seen that all company results for AWGN channel have RSRP accuracy at maximum 7dB or below when enhanced estimation techniques are used. In this case, we propose a relaxation of absolute RSRP by 1.0 dB for baseband error which could be an issue when estimating at low SNR lvels. 
· Proposal #2: At very low SNR (SNR <-12 dB) absolute RSRP accuracy is relaxed by 1.0 dB (i.e. +/- 8dB requirement) for AWGN.
RF margin does not need to be considered for relative RSRP accuracy because the same RF margin is included in two cells which are compared. Rel-12 category 0 relative RSRP accuracy has a tolerance of +/-4dB. It is observed from the figures in [4] that the relative RSRP is below or around 4 dB at SNR >= -12 SNR except for result from one company which has performed measurement over 1 SF. At lower SNR (<-12 dB), it is seen that relative RSRP accuracy is still below 4 dB in most cases in which improved estimation techniques are applied. However, some results are still around 5-6 dB of relative SNR. Comparing these results with extended measurement period results show that the relative accuracy can be kept below 5 dB if longer measurement period is used. Hence, a way forward can be to have use category 0 relative requirements down to -12 dB SNR and below that level relaxation due to baseband error is needed. Since we propose to relax the absolute RSRP by 1 dB for lower SNR levels due to baseband errors, it makes sense to also relax the relative RSRP requirement by the same number follows:
· Proposal #3: Rel-12 category 0 relative RSRP requirements can be reused down to -12 dB SNR. 

· Proposal #4: At very low SNR (SNR <-12 dB) relative RSRP accuracy is relaxed by 1.0 dB (i.e. +/-5dB requirement) for AWGN.

Impact of measurement period has been studied in several papers [4, 5, 6] and they all have concluded that the measurement accuracy improves with increased measurement period. In [5] the measurement accuracy results have been provided for both L1 period of 1600 ms and 3200 ms. Our view is to consider increased L1 measurement period as a way to further improve the accuracy while taking into account the UE power consumption. Given that the measurement accuracy under AWGN channel is degraded at SNR<-12 dB compared to at SNR>=12 dB, one approach would be to adapt the measurement period accordingly. One could consider one moderate increase of measurement period down to -12 dB of SNR and further increase at lower SNR level (<-12 dB) because at very low SNR the accuracy might be improved if measured over longer period. Thus we propose the following:
· Proposal #5: L1 measurement period is increased to 1800 ms at SNR>= -12 dB for Rel-13 MTC UEs in enhanced coverage. 
· Proposal #6: L1 measurement period is increased to 3200 ms at SNR< -12 dB for Rel-13 MTC UEs in enhanced coverage. 
2.1.1.2 Cell search
The cell search procedure is expected to have some impact to that Rel-13 EC UEs have reduced RF bandwidth. This is studied in separate contribution in [6]. 

2.1.1.3 SI Reading
Two types of SI (System Information) are needed to identify the Cell Global Identifier (CGI) of a new cell given that this new cell has already been detected (i.e. PCI is known). The two types are MIB and SIB1. MIB is transmitted on the PBCH channel while SIB1 is multiplexed into PDSCH channel. MIB is transmitted in subframe #0 with a periodicity of 40 ms and 4 redundancy versions are transmitted within this period. SIB1 is transmitted on subframe #5 and it has a periodicity of 80 ms. Rel-12 category CGI requirements are defined in clause 8.5.2.1.4, 8.5.2.1.5 and 8.5.2.1.6 for FDD, HD-FDD and TDD respectively. The requirements specify the maximum allowed time for a UE to identify the new CGI of a cell and also minimum number of HARQ transmissions that shall be transmitted by this UE during this time. Under enhanced coverage, the minimum SNR level at which these transmissions (PBCH and PDSCH) can be received is expected to be different than under normal coverage. Thus it may not be possible to reuse the existing Rel-12 category 0 SI reading requirements for Rel-13 MTC UEs. Thus new propose that RAN4 develops new SI requirements for Rel-13 EC UEs under enhanced coverage. 
· Proposal 7: New SI reading requirements need to be defined for Rel-13 MTC UEs under enhanced coverage.  
2.1.1.4 Radio Link Monitoring

The existing radio link monitoring procedure is expected to have some impact to that Rel-13 EC UEs are not required to receive PDCCH channel. This is studied in separate contribution in [8]. 
3 Conclusion
In this paper we provide our view on RRM requirements for Rel-13 MTC UEs operating in normal coverage. It has been observed that it may be possible to reuse many of the existing Rel-12 category 0 UE requirements though some impact are expected on cell search procedure. The observations from this paper are:

· Observation #1: RAN4 needs to define new measurement requirements for Rel-13 MTC UEs when operating under enhanced coverage. 
· Proposal #1: Rel-12 category 0 absolute RSRP requirements can be reused down to -12 dB SNR. 

· Proposal #2: At very low SNR (SNR <-12 dB) absolute RSRP accuracy is relaxed by 1.0 dB (i.e. +/- 8dB requirement) for AWGN.

· Proposal #3: Rel-12 category 0 relative RSRP requirements can be reused down to -12 dB SNR. 

· Proposal #4: At very low SNR (SNR <-12 dB) relative RSRP accuracy is relaxed by 1.0 dB (i.e. +/-5dB requirement) for AWGN.

· Proposal #5: L1 measurement period is increased to 1800 ms at SNR>= -12 dB for Rel-13 MTC UEs in enhanced coverage. 
· Proposal #6: L1 measurement period is increased to 3200 ms at SNR< -12 dB for Rel-13 MTC UEs in enhanced coverage. 
· Proposal 7: New SI reading requirements need to be defined for Rel-13 MTC UEs under enhanced coverage.  
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