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1 Introduction

A new work item to further enhance the MTC operation was approved at RAN#72 meeting [1]. As per this WID, RAN4 is required to develop positioning support, E-CID based on RSRP/RSRQ measurement. Among other tasks, RAN4 is also requested to develop inter-frequency measurements support, see below. 
	Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements

· From RAN#73: (considering the outcome of the NB-IoT) accuracy, UE complexity and power consumption for OTDOA can be studied

…….

Mobility enhancements [RAN4 only]

· Full standard support for inter-frequency measurements for eMTC [RAN4]


During Rel-13 eMTC work, only intra-frequency RSRP measurement support was developed. In this contribution, we provide some RSRQ measurement simulation results to indicate the achievable measurement performance for Rel-13 low-complexity MTC devices operating in enhanced coverage mode. 

2 Discussion
2.1 Background
RAN4 has developed requirements for supporting MTC operation in normal and enhanced coverage in Release 13. The UEs that support this type of operation and requirements are also known as category M1 UEs. The requirements were developed for intra-frequency operation only, and only RSRP measurement requirement was developed.
The scenario for enhanced coverage is intended for stationary devices. Such devices may for instance comprise various kinds of meters (e.g. water, gas, electricity) that provide sparse reports (e.g. hourly, daily, weekly, monthly) on consumption via a wireless link. Such meters are traditionally located in basements or other places where the penetration loss of the radio waves is substantial, and the 15dB improvement in sensitivity may be needed to allow replacement of manual reading and reporting by automated wireless reporting.
Given that the MTC devices are stationary it is a reasonable assumption that adjacent subframes can be coherently combined when estimating RSRP and RSRQ. Changes of the radio channel are likely to happen slowly and would be due to changes in the surroundings rather than due to movement of the MTC device. Release 13 RSRP measurement accuracy requirements were developed assuming coherent combining over multiple subframes.  
Our focus in this contribution is on stationary MTC devices with 1 Rx antennas, operating over a bandwidth of 6RBs, and limited mainly by noise. 

2.2 Existing RSRP and RSRQ accuracy requirements
Existing and generally applicable requirements on measurement performance are captured in TS 36.133 [2] 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. Corresponding requirements for RSRQ are captured in clause 9.1.5.1 for intra-frequency absolute accuracy, and clauses 9.1.6.1 and 9.1.6.2 for inter-frequency absolute and relative accuracy, respectively. The requirements are summarized in Table 1 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, and clause 9.1.13.3 for absolute intra-frequency RSRQ accuracy. 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


Release 13 category M1 UE RSRP measurement requirements are summarized in Table 3 below. 
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


The main source of interference and noise for a device operating in enhanced coverage is the thermal noise since if a stronger neighbour cell is present the device shall camp or connect to that cell instead, in order to preserve power. Using this assumption the baseline SIR is -3dB at worst (connected to one of three cells received at equal power level), and enhancing the coverage 15dB leads to that measurement performance need to be secured down to SINR -18dB. Release 13 category M1 UE requirements comprise normal coverage and enhanced coverage requirements. The normal coverage (sometimes referred to as CEModeA) requirements apply down to SCH Ês/Iot ( -6 dB and CRS Ês/Iot ( -6 dB . The enhanced coverage requirements (sometimes referred to as CEModeB) apply down to SCH  Ês/Iot ( -15 dB and CRS Ês/Iot ( -15 dB. It is reasonable to assume the same minimum coverage levels when developing the RSRQ measurement requirements.
It is proposed that requirement-wise, UE category 0 is used as baseline when developing the intra-frequency and inter-frequency absolute RSRQ measurement requirements.

It shall be noted that the baseline for RSRP and RSRQ measurements is for a 6RB bandwidth, with option to use a 50RB bandwidth. Hence in this respect the reduced bandwidth operated by MTC devices is similar with the assumption in legacy. 

2.3 Measurements under stationary conditions
The legacy requirements on measurement accuracy in static (AWGN) conditions can be met by coherently averaging 8 CRSs, calculate the power, and then average such power estimates non-coherently over 2x5 subframes. The coherent averaging reduces the bias and the non-coherent averaging the variance of the RSRP estimate. The increase in SNR achieved by the coherent averaging is 3dB for every doubling of the number of coherently averaged CRSs. Hence when deriving the legacy requirements an SNR increase of 9dB was achieved, allowing measurement accuracy requirements to be fulfilled at least down to Ês/Iot -6dB.

To be able to accurately support enhanced coverage down to Ês/Iot -6dB, the coherent averaging needs to include more samples to provide sufficient number of REs containing CRS compared to that of an individual CRS. Using all CRSs in two adjacent subframes provides 96 CRSs. Assuming that CRSs in more than two adjacent subframes can be used for coherent averaging is not possible in the general case, firstly due to the frame structures (see above) and secondly due to the potentially larger frequency offset compared to legacy caused by impaired AFC operation at very low SINR. The two sizes of coherent averages are shown in Figure 1.
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Figure 1: Illustration of (left) coherent averaging based on 8 CRSs and (right) on 96 CRSs. The former can increase the SINR by 9dB and the latter by 19.8 dB.

Simulations have been carried out using coherent averaging over 96 CRSs (averaging over 2 subframes in time and 6 RBs in frequency) and non-coherent averaging over 10 coherent averages. With a 40ms measurement cycle and two subframes captured each measurement occasion, the measurement period is 400ms. In order to investigate different cases of stationary conditions, simulations were carried out for AWGN, EVA 1Hz, EPA 1HZ and ETU 1Hz. Existing requirements are however only applicable for AWGN.  The simulation parameters are shown in Table 3.

Table 4: Simulation parameters

	Case
	12x8 1Rx
	12x8 2Rx

	Cell
	PCI 123

	Load condition
	Fully loaded (OCNG)

	eNodeB Tx ports
	1

	Measurement period
	400ms

	Propagation conditions
	AWGN, EVA-1Hz, EPA-1Hz, ETU-1Hz

	Receiver
	Ideal receiver

	Rx antennas
	1
	2

	Coherent average size
	96
	96

	Number of coherent averages per measurement period
	10
	10

	Total number of CRSs used over a measurement period
	960
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Figure 2: RSRQ simulation results for AWGN using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Indicated requirements are for absolute RSRQ accuracy.
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Figure 3: RSRQ simulation results for EVA 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown only for reference.
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Figure 4: RSRQ simulation results for EPA 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown only for reference.
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Figure 5: RSRQ simulation results for ETU 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown only for reference.
The resulting RSRQ absolute accuracy is shown in Figure 2 through Figure 5 for AWGN, EVA 1Hz, EPA 1Hz and ETU 1Hz, respectively. The deviation of the mean from the ideal curve indicates the bias, and the distance between the 5th and the 95th percentile indicates the variance. 
Figure 2 through Figure 5 show the measured RSRQ level versus the SINR level. The simulations indicate that for AWGN, the absolute measurement accuracy for UE category 0 can be reused down to S(I)NR -18dB (Figure 2), but the margin to the allowed tolerance of ±4.5dB might too low to allow enough implementation margin. The figures support that there is little gain in the noise-limited case to use more than one Rx antenna since the usage of two antennas under the RAN1 rules leads to higher bias in the estimates.

Observation 1: The intra-frequency absolute RSRQ accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4.5dB) down to S(I)NR -18dB, but RAN4 needs to check whether the margin is sufficient.
It shall be noted that the simulation assumptions agreed already in release 13 include assumptions for RSRQ measurement [3]. Therefore we propose to use the same list of simulation assumptions for developing the RSRQ measurement requirements.
Proposal 1: RAN4 is to use Rel-13 eMTC RSRP/RSRQ simulation assumptions (R4-152547) for evaluating RSRQ measurement performance. 

2.4 Measurement period impact
In this section we provide the results to study the impact of measurement period on the achievable accuracy. The simulation results in previous section were performed over a 400 ms measurement period. Below we provide the results for 800 ms, 1600 ms and 3200 ms measurement period. 
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Figure 6: RSRQ simulation results for AWGN using (left) 400 ms and (right) 800 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 and 20 coherent average values, respectively. Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.
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Figure 7: RSRQ simulation results for EPA 1Hz using (left) 400 ms and (right) 800 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 and 20 coherent average values, respectively. Note: requirements apply for AWGN and are shown for reference only.
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Figure 8: RSRQ simulation results for ETU 1Hz using (left) 400 ms and (right) 800 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 and 20 coherent average values, respectively. Note: requirements apply for AWGN and are shown for reference only.
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Figure 9: RSRQ simulation results for EPA 5Hz using (left) 400 ms and (right) 800 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 and 20 coherent average values, respectively. Note: requirements apply for AWGN and are shown for reference only.
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Figure 10: RSRQ simulation results for ETU 30Hz using (left) 400 ms and (right) 800 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 and 20 coherent average values, respectively. Note: requirements apply for AWGN and are shown for reference only.
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Figure 11: RSRQ simulation results for EPA 1Hz using (left) 1600 ms and (right) 3200 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 40 and 80 coherent average values, respectively. Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.
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Figure 12: RSRQ simulation results for ETU 1Hz using (left) 1600 ms and (right) 3200 ms. Coherent averaging over 96 CRSs, and non-coherent averaging over 40 and 80 coherent average values, respectively. Note: requirements apply for AWGN and are shown for reference only.

It is observed from Figure 6 through 12 that the achievable RSRQ accuracy is improved quite a lot, specially in that EPA 1 Hz where previous results have shown to be challenging. The measurement accuracy improves with number of coherent averages, i.e. the results with 3200 ms is better than 1600 ms at high SNR. This improvement is even greater for the ETU channel, which is typically less challenging than EPA. In release 13, RSRP measurement period in enhanced coverage was agreed as 800 ms. The results show that category 0 RSRQ absolute accuracy requirement may be possible to reuse for category M1. 
Proposal 2: Release 12 category 0 RSRQ absolute measurement accuracy requirements are reused for category M1 UEs when RSRQ measurements are performed over 800 ms.  

3 Conclusions
In this contribution, we discuss RSRQ measurement which is one of the task of RAN4 according to new eMTC work item [1]. We have provided our view and reflected on the RSRP measurement requirement that was developed earlier in Release 13. We have also provided some simulation results, and made the following observation and proposal:
Observation 1: The intra-frequency absolute RSRQ accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4.5dB) down to S(I)NR -18dB, but RAN4 needs to check whether the margin is sufficient.
Observation 2: Release 12 category 0 RSRQ absolute measurement accuracy requirements are possible to reuse for category M1 UEs when RSRQ measurements are performed over 800 ms.  

Proposal 1: RAN4 is to use Rel-13 eMTC RSRP/RSRQ simulation assumptions (R4-152547) for evaluating RSRQ measurement performance. 
Proposal 2: Release 12 category 0 RSRQ absolute measurement accuracy requirements are reused for category M1 UEs when RSRQ measurements are performed over 800 ms.  
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