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1 Introduction
RAN4 continued to discuss RRM measurements at last RAN4 #78bis meeting. Good progress was made as numerous way forward documents were approved. One of them was on RRM measurement [1].  One of the agreements made in this way forward document concerns studying whether to specify different NRSRP/NRSRQ measurement requirements for NB-IOT. Following agreement was made:
	· RAN4 is to discuss whether to specify different NRSRP/NRSRQ measurement accuracy and measurement period for each coverage mode


In this contribution we present our view and propose a method that can be used to specify the RRM measurement requirements for NB-IOT.
2 Background
Existing and generally applicable requirements on measurement performance are captured in TS 36.133 [4] clauses 9.1.2.1 and 9.1.2.2 for absolute and relative accuracy of intra-frequency RSRP, and 9.1.3.1 and 9.1.3.2, respectively, for inter-frequency RSRP. The requirements are summarized in Table 2 below.  

Table 1: Summary of RSRP and RSRQ measurement accuracy requirements UE category ≥ 1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±2 dB

	
	≥ -6 dB
	±3 dB

	Inter-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Inter-frequency relative RSRP accuracy
	≥ -6dB


	±6 dB

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency relative RSRQ accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB


A new UE category 0 was introduced in Rel-12, with somewhat relaxed requirements and only for intra-frequency measurements. The corresponding measurement accuracy requirements are captured in TS 36.133 clauses 9.1.13.1 and 9.1.13.2 for absolute and relative intra-frequency RSRP accuracy, respectively. The requirements for category 0 are summarized in Table 2 below.  

Table 2: Summary of RSRP and RSRQ measurement accuracy requirements UE category 0
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±3.5 dB

	
	≥ -6dB
	±4.5 dB


In Rel-13 eMTC work, some of the measurement requirements already specified for Rel-12 MTC were reused. However, since eMTC is supports a large range of SNR values at which UE operates at it was obvious to have different requirements. The Rel-13 eMTC accuracy requirements are summarized in Table 3. 
Table 3: 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


2.1 Discussions

The RRM measurement (NRSRP and NRSRQ) performance has been under study in RAN4 for last 2 meetings. Several companies have provided simulation results of the estimated measurement accuracy [2, 3, 4, 5, 6]. A common that can be made in most, if not in all, contributions is that the measurement performance varies with the SNR at which the measurement is performed. This is the expected and reasonable behavior. 
In legacy LTE operation, the minimum SNR for which the measurement accuracy requirements specified in [7] are applicable is when Ês/Iot  ≥ -6 dB. Already for this case, it can be seen in simulation results that the achievable measurement accuracy will vary with the SNR value. Later in Rel-13 eMTC, new accuracy requirements were specified for a new range of SNR values, also known as enhanced coverage since studies showed that the achievable measurement accuracy performance was degraded. This was also reasonable since it becomes more difficult to conduct accurate measurement at low SNR regions since the channel is dominated by the noise, and advanced measurement techniques (including measurement over consecutive subframes) are needed in order to suppress the bias. Based on extensive studies conducted on RRM measurement performance under enhanced coverage by different companies, 2 different sets of requirements was specified depending on UE operational coverage. All existing measurement accuracy requirements with respect to UE capabilities are summarized in Figure 1 below.
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Figure 1 Existing RSRP accuracy requirements with respect to UE capabilities
It can be observed from the summary figure above that the measurement accuracy requirements are always specified by taking into account the UE capabilities and operational scenario. The main motivation is to not specify too relaxed requirements which become too easy for the UE to pass. This can in some sense be compared to not having any requirement at all. If only one set of requirements are specified, which is considered as the minimum requirements, it becomes very difficult especially if the applicable scenarios covers a large range of SNR values, e.g. from + SNR values to -15 dB SNR. Assuming this particular case that is only one set of requirements are specified for all supported SNR ranges throught would result in that at good SNR ranges, the requirements becomes almost meaningless while at low SNR ranges it becomes difficult since the UE is mostly measuring on the noise. Therefore, in our view, it is important to specify requirements that take into account the operational SNR range together with the UE capabilities. 
Furthermore, consider the preliminary NRSRP measurement simulation results shown in Figure 2 below. In this figure, we have assumed NB-RS based NRSRP measurement over 800 ms measurement period. It is clearly observed from this figure that the bias becomes a variable of the SNR value. At high SNR values, bias can be significantly reduced, i.e. region B in this figure, this in contrast to the low SNR values the bias becomes more challenging, region A. It shall be noted similar trend in the achievable measurement performance can be seen in most contributions that contain simulation results. In some cases, the UE in region A could achieve similar performance as UE in region B provided that is can accumulate over longer time. In other cases, a UE in region A could have a measurement accuracy requirement which is different from that of a UE in region B provided that they have the same the accumulation is done over the same period of time. Given this trend of the measurement results, it is obvious to specify requirements that vary with the SNR values in order to have reasonable requirements.
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Based on the discussions provided in this contribution, we make the following proposals:
· Proposal #1: RAN4 is to specify NRSRP/NRSRQ measurement accuracy and measurement period that varies with the coverage mode. 
3 Summary 
In this contribution we discuss RRM measurement requirements by taking into account the coverage mode and UE capabilities. We take a look at existing requirements, how requirements have been specified in similar scenarios in RAN4. Based on the discussions and observations made in simulation results presented in RAN4 so far, we have made the following proposal:
· Proposal #1: RAN4 is to specify NRSRP/NRSRQ measurement accuracy and measurement period that varies with the coverage mode. 
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