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1 Introduction
RAN4 is currently working on performance requirements for NB-IOT. One of the open issues in performance part that needs to be resolved is the NRSRP and NRSRQ measurement accuracies. Measurement accuracies have been discussed in RAN4 for the last few meetings with no big progress. The measurement performance has been studied under different assumptions, e.g. using different number of subframes for combing and different models of frequency error [4]. Simulation assumptions were revised at RAN4#80 meeting and a way forward was agreed in [3]. In this contribution we provide our updated results to resolve the remaining issues.  
2 Existing agreements

At last meeting RAN4 made following agreement with regard to NRSRP and NRSRQ measurement requirements:
	Agreement on measurement period:

· Normal coverage: 800 ms

· Enhanced coverage: 1600 ms

Measurement accuracy:
· Normal coverage: +-[6] dB


Following open issues need be resolved at RAN4#81 meeting. 

	Measurement accuracy in normal coverage:

· NRSRQ: TBD

· Relative NRSRP: TBD
Measurement accuracy in enhanced coverage:

· NRSRP: TBD

· Relative NRSRP: TBD
· NRSRQ: TBD


In section 3 we provide our simulation results with the aim to resolve the TBDs. 

3 Simulation Results
The RRM measurement accuracy requirements are generally specified for the AWGN channel; however the measurement performance is also studied and taken into account under fading conditions since it reflects the real operating scenario. We have provided NRS based NRSRP and NRSRQ measurement simulation results in [2] for the minimum configuration based on the simulation assumptions in [1]. The measurement accuracy should be derived based on the minimum configuration since RAN4 specifies the minimum requirements, i.e. assuming the worst operating case. UE may, however, achieve better accuracy than what is specified in the requirements. The results in [2] are shown also here for convenience. Since NB-IOT is similar to eMTC in many aspects, many of the eMTC work and requirements have been used as baseline for specifying the NB-IOT requirements.  Thus we show the eMTC category M1 UE measurement accuracy requirements in Table 1 for convenience. 
Table 1: Summary of RSRP measurement accuracy requirements UE category M1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy, normal coverage
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy, normal coverage
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRP accuracy, enhanced coverage
	≥-12dB
	±7 dB

	
	-15< Ês/Iot ≥ -12dB
	±8 dB

	Intra-frequency relative RSRP accuracy, enhanced coverage
	> -12 dB
	±4 dB

	
	-15< Ês/Iot ≥ -12dB
	±5 dB


3.1.1 Static channel results
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Figure 1: NRSRP and NRSRQ measurement simulation results based for normal coverage (upper figures) and enhanced coverage (lower figures) under static channel condition. 
3.1.2 EPA 1 Hz channel results
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Figure 2: NRSRP and NRSRQ measurement simulation results based on NRS signals for normal coverage (upper figures) and enhanced coverage (lower figures) for EPA 1Hz channel.
3.1.3 ETU 1 Hz channel results
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Figure 3: NRSRP and NRSRQ measurement simulation results based for normal coverage (upper figures) and enhanced coverage (lower figures) under ETU 1 Hz channel. 

3.1.4  Discussions
The simulation results in Figures 1-3 show the in-band achievable measurement accuracy assuming 50 Hz frequency offset and measurements performed over 3 subframes (9, 0, 4) which are coherently averaged every 20 ms. 

The NRSRP results in EPA 1 Hz channel in Figure 5 shows that the measurement performance is in fact relatively good at good SNR conditions. The bias is of course very large at low SNR levels, and the variance becomes quite large at good SNR levels due to that the channel becomes more dominant. But these results show that the uncertainty in the results are within the tolerance level of category M1 UE tolerance levels (+/- 8 dB down to -15 dB) excluding the RF margin. 
On high level, results of EPA 1 Hz and ETU 1Hz have similar behaviours. It is seen that the measurements work quite well down to around -10 dB SNR. The measured values at -15 dB SNR can be misleading since these are noise-limited measurements, i.e. it may not contain any useful signal at all. The results shown in the plots are of course excluding the RF margin. But typically, 1.5 – 2.0 dB are assumed for RF margin. 
Based on the observations made in the simulation results, we make following proposal regarding the accuracy requirements.
For absolute and relative NRSRP measurement accuracy, the results show that the category M1 UE requirements under enhanced coverage are possible to reuse. RAN4 did not specify NRSRQ requirements for category M1. But one approach would take the category 0 RSRQ requirements (+/- 4.5 dB) and then relax it with the same amount, i.e. 1 dB for enhanced coverage. For normal coverage, it should be possible to reuse the category 0 RSRQ accuracy requirements.
· Proposal #1: The absolute NRSRP accuracy requirement for NB-IOT in enhanced coverage is specified as +/- 8dB. 
· Proposal #2: The relative NRSRP accuracy requirement for NB-IOT in enhanced coverage is specified as +/- 5dB
· Proposal #3: The absolute NRSRQ accuracy requirements for NB-IOT in enhanced coverage are specified as +/- 5.5 dB.
· Proposal #4: The absolute NRSRQ accuracy requirement for NB-IOT in normal coverage is specified as +/- 4.5 dB. 
· Proposal #5: The relative NRSRP accuracy requirement for NB-IOT in normal coverage is specified as +/- 4.5 dB.
The simulation results presented above are for the in-band deployment mode where the measurement opportunities and the number of subframes used for coherent averaging can be quite limited. This is, however, not the case for stand-alone deployment mode. In stand-alone mode, it is expected that the maximum number of subframes used for coherent averaging is limited by the distortion introduced by e.g. propagation channel. The achievable measurement performance in standalone mode is therefore expected to be more accurate. The deployment mode of serving cell may be known to the UE, but the deployment mode of the neighbour cells may not be not known to the measuring UE since there are no such signalling.  
· Observation: The achievable measurement accuracy in standalone deployment mode is expected to more accurate than in in-band mode.
4 Summary 
In this contribution we have provided NRSRP and NRSRQ measurement simulation results based on revised simulation assumptions in [3]. Based on the simulation results and analysis, we have made following observation and proposals:
· Proposal #1: The absolute NRSRP accuracy requirement for NB-IOT in enhanced coverage is specified as +/- 8dB. 

· Proposal #2: The relative NRSRP accuracy requirement for NB-IOT in enhanced coverage is specified as +/- 5dB
· Proposal #3: The absolute NRSRQ accuracy requirements for NB-IOT in enhanced coverage are specified as +/- 5.5 dB.
· Proposal #4: The absolute NRSRQ accuracy requirement for NB-IOT in normal coverage is specified as +/- 4.5 dB. 

· Proposal #5: The relative NRSRP accuracy requirement for NB-IOT in normal coverage is specified as +/- 4 dB.
· Observation: The achievable measurement accuracy in standalone deployment mode is expected to more accurate than in in-band mode.
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