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1 Introduction
In the previous RAN4 meetings on the NB-IoT topic good progress has been made during quite short time period. Some open items are still on the table – among those are the performance requirements and the measurement accuracy requirement. In the RAN4#79AH meeting we provided a number of input papers discussing the final open issues related to the UE measurement performance and accuracy requirements [4, 6, 7, 8]. These papers have been resubmitted for this meeting due to lack of time to address the topic in the AH meeting [10, 11, 12, 13]. In this paper, we add some additional views and perspective to the discussion similar to [9] and conclude on our proposed accuracy values.
2 Discussion
NB-IoT has been defined to operate in 3 different deployment modes as well as there is support for 2 different coverage areas. As for the deployment modes from RAN4 point of view, the main difference is between two groups – namely the in-band deployment and the stand-alone/guard-band deployments. This grouping comes from the density of the NRS REs available for measurements – where the in-band deployment has lowest density while stand-alone/guard-band ahas higher density. Coverage areas are defined for SNR down to -6dB (normal coverage) and for SNR between -6dB and -15dB (enhanced coverage).

In our papers in the AH meeting [4, 6, 7, 8], also available in [10, 11, 12, 13], we have investigated further measurement performance for NB-IoT. We see from the presented results that the number of coherently combined measurement samples have the most significant impact on the achievable measurement accuracy. How the sampling and coherent combining is done in practical UE implementation can be left for UE implementation as long as reasonable assumptions are used in RAN4 for developing the minimum accuracy requirements. 
The results presented also clearly shows, that due to the narrower measurement bandwidth available in NB-IoT, the measurement results, and thereby the final accuracy, may be significantly biased. This residual noise bias is especially visible in the enhanced coverage area – in all deployment modes. We show with our results [10, 11] that it is feasible to mitigate the impact from the noise bias introduced due to the narrower measurement bandwidth. From the results, we see that proper measurement handling on UE side can significantly reduce the noise bias. Gains of up 5dB are observed. Such a significant gain in measurement accuracy has direct impact on the NB-IoT system performance and the success of NB-IoT operation and use especially use of enhanced coverage.
In [13] we discussed that the different methods may affect the memory needs due to storing of measurement samples. It has also shown and discussed that longer measurement time can be used to lower the sample storing needs but this increase in active measurement time will affect the UE power consumption. Many of the topics addressed are UE design and implementation dependent decisions. RAN4 on the other hand need to ensure that there are reasonable enough accuracy requirements – both taking into account the UE impact and the network need

Power boosting has also been analysed in our paper [12]. Power boosting was introduced in NB-IoT in order to ensure proper operation in the enhanced coverage. As expected, we observe that power boosting significantly improves the performance and measurement accuracy. Gains of up to 5 dB can be observed. This gain is significant and we therefore believe that power will be used in many use cases and expect believe that the UE performance needs to be ensured when power boosting is in use.
In RAN4#79 measurement periods of 400ms for normal coverage and 800ms for enhanced coverage were tentatively agreed with numbers in []. From our results, presented in this meeting in [10, 11] it seems feasible to keep the agreed numbers. With measurement periods of 400ms and 800ms respectively, it is possible to reach a reasonable measurement performance using an appropriate number of coherently combined measurement samples.

Once RAN4 has agreed on the measurement periods (e.g. confirmed the tentatively agreed numbers from RAN4#79) next thing is to discuss which level of measurement accuracy we can achieve within the measurement periods. This would need to be discussed, taking into account what is practically achievable (based on simulation results) as well as taking system needs into account as well as UE complexity.
Based on the results and the discussions [10, 11, 12, 13] and using the tentatively agreed measurement periods, we show that following accuracy is feasible assuming sufficiently coherently combined measurements:

For normal coverage:
· In-band normal coverage: +-4dB including 2dB margin 

· stand-alone and guard-band normal coverage: +-4dB including 2dB margin

Enhanced coverage

· In-band enhanced coverage: +-8/9dB including 2dB margin

· stand-alone and guard-band enhanced coverage: +-(7-10)dB including 2dB margin

We also believe that due to the significant gain from power boosting as well as the accuracy challenge in the in-band enhanced coverage deployment, RAN4 need to introduce requirements for when power boosting is in use.
4 Conclusion
In this paper, we sum up a number of important points to address during the measurement performance and accuracy discussion in RAN4.
Based on our input we propose following measurement periods for NB-IoT:

Proposal 1: Measurement period for stand-alone deployment normal mode is 400ms

Proposal 2: Measurement period for stand-alone deployment enhanced mode is 800ms

For accuracy requirements for NB-IoT normal coverage, we propose:

Proposal 3: In-band normal coverage: +-4dB including 2dB margin 

Proposal 4: Stand-alone and guard-band normal coverage: +-4dB including 2dB margin


For accuracy requirements for NB-IoT enhanced coverage, we propose:

Proposal 5: In-band enhanced coverage: +-8/9dB including 2dB margin

Proposal 6: Stand-alone and guard-band enhanced coverage: +-(7-10)dB including 2dB margin
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