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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Placeholders for measurement accuracy requirements for UE cat M1 were introduced to TS 36.133 at the RAN4#83 meeting in Hangzhou. The requirements that need to be populated are:
9.1.21.6			Intra-frequency Absolute Accuracy of RSRQ for UE category M1 with CE mode A
9.1.21.7			Intra-frequency Absolute Accuracy of RSRQ for UE category M1 with CE mode B
9.1.21.9			Inter-frequency Absolute RSRP Accuracy for UE category M1 with CE mode A
9.1.21.10			Inter-frequency Relative Accuracy of RSRP for UE category M1 with CE mode A
9.1.21.11			Inter-frequency Absolute RSRP Accuracy for UE category M1 with CE mode B
9.1.21.12			Inter-frequency Relative Accuracy of RSRP for UE category M1 with CE mode B
9.1.21.13			Inter-frequency Absolute Accuracy of RSRQ for UE category M1 in CE mode A
9.1.21.14			Inter-frequency Relative Accuracy of RSRQ for UE category M1 in CE mode A
9.1.21.15			Inter-frequency Absolute RSRQ Accuracy of RSRQ for UE category M1 in CE mode B
9.1.21.16			Inter-frequency Relative Accuracy of RSRQ for UE category M1 in CE mode B
In this contribution, we provide simulation results for RSRQ and propose RSRP and RSRQ measurement accuracy requirements for the cases above for normal conditions and, where applicable, low Io range.
RSRQ Simulation results
The simulation assumptions, methodology, and results are provided in Appendix. The largest deviations of the 5th and 95th percentiles from the ideal RSRQ are captured in Table 1 and Table 2 for CE Mode A and CE Mode B, respectively.

[bookmark: _Ref490042229]Table 1: RSRQ simulation results for CE Mode A
	
	RSRQ Maximum deviation ±[dB]

	
	SINR range [dB]

	
	-6 ≤ Es/Iot < -3
	-3 ≤ Es/Iot

	AWGN
	0.6
	0.5

	ETU30
	3.6
	3.4

	EPA5
	2.2
	1.9

	Largest deviation
	3.6
	3.4




[bookmark: _Ref490042231]Table 2: RSRQ simulation results for CE Mode B
	
	RSRQ Maximum deviation ±[dB]

	
	SINR range [dB]

	
	-15 ≤ Es/Iot < -12
	-12 ≤ Es/Iot < -6

	AWGN
	2.2
	1.3

	ETU1
	4.1
	5.0

	EPA1
	3.2
	3.8

	Largest deviation
	4.1
	5.0



Proposed Requirements
The measurement accuracy requirements are based on physical layer measurement results derived under the assumption of perfect calibration, and then for RSRP absolute accuracy, and RSRP inter-frequency relative accuracy, RF margin is added. The reason for adding RF margins is that there is a calibration tolerance in the manufacturing of the UE (outline of procedure is provided in [2]). Following earlier agreements, for UE Cat M1 we are assuming an RF margin of ±4dB instead of the ±2.5dB assumed for legacy UEs.
For measurement accuracy requirements on RSRQ, the calibration errors have equal impacts on the numerator (RSRP) and the denominator (RSSI). Hence, for RSRQ there is no need to consider an RF margin since it is cancelled out.


9.1.21.6			Intra-frequency Absolute Accuracy of RSRQ for UE category M1 with CE mode A
Based on the simulation results (3.6 and 3.4dB for lower Ês/Iot range), we propose a requirement of ±4dB for Ês/Iot ≥ -6dB under normal conditions and lower Io range.  

9.1.21.7			Intra-frequency Absolute Accuracy of RSRQ for UE category M1 with CE mode B
Based on simulation results (4.1dB for lower SINR range and 5dB for higher SINR range), we propose a requirement of ±5dB for both ranges -15 ≤ Es/Iot < -12dB and -12 ≤ Es/Iot < -6dB, under normal conditions and lower Io range.

9.1.21.9			Inter-frequency Absolute RSRP Accuracy for UE category M1 with CE mode A
This scenario is identical to intra-frequency absolute RSRP accuracy which already includes physical layer measurement uncertainty and RF margin. Hence we propose a requirement of ±7dB under normal conditions and lower Io range.

9.1.21.10			Inter-frequency Relative Accuracy of RSRP for UE category M1 with CE mode A
Following the methodology in legacy (see [1] and compare 9.1.3.1 and 9.1.3.2), we propose the requirements to be identical to the inter-frequency absolute tolerance. Hence we propose a requirement of ±7dB under normal conditions.

9.1.21.11			Inter-frequency Absolute RSRP Accuracy for UE category M1 with CE mode B
This scenario is identical to intra-frequency absolute RSRP accuracy which already includes physical layer measurement uncertainty and RF margin. Hence we propose a requirement of ±8dB for -15 ≤ Ês/Iot < -12dB and ±7dB for -12 ≤ Ês/Iot < -6dB, under normal conditions and lower Io range.

9.1.21.12			Inter-frequency Relative Accuracy of RSRP for UE category M1 with CE mode B
Following the methodology in legacy (see [1] and compare 9.1.3.1 and 9.1.3.2), we propose the requirements to be identical to the inter-frequency absolute tolerance. Hence we propose a requirement of ±8dB for -15 ≤ Ês/Iot < -12dB and ±7dB for -12 ≤ Ês/Iot < -6dB, under normal conditions and lower Io range.

9.1.21.13			Inter-frequency Absolute Accuracy of RSRQ for UE category M1 in CE mode A
Based on the simulation results (3.6 and 3.4dB for lower and upper Ês/Iot range), we propose a requirement of ±4dB for Ês/Iot ≥ -6dB under normal conditions and lower Io range.

9.1.21.14			Inter-frequency Relative Accuracy of RSRQ for UE category M1 in CE mode A
Following the methodology in legacy (see [1] and compare 9.1.6.1 and 9.1.6.2), we propose the requirements to be based on the inter-frequency absolute tolerance plus an extra margin of 0.5dB. Hence we propose a requirement of ±4.5dB for Ês/Iot ≥ -6dB under normal conditions.

9.1.21.15			Inter-frequency Absolute RSRQ Accuracy of RSRQ for UE category M1 in CE mode B
Based on simulation results (4.1dB for lower SINR range and 5dB for higher SINR range), we propose a requirement of ±5dB for both ranges -15 ≤ Es/Iot < -12dB and -12 ≤ Es/Iot < -6dB, under normal conditions.

9.1.21.16			Inter-frequency Relative Accuracy of RSRQ for UE category M1 in CE mode B
Following the methodology in legacy (see [1] and compare 9.1.6.1 and 9.1.6.2), we propose the requirements to be based on the inter-frequency absolute tolerance plus an extra margin of 0.5dB. Hence we propose a requirement of ±5.5dB for both ranges -15 ≤ Es/Iot < -12dB and -12 ≤ Es/Iot < -6dB, under normal conditions.

Summary and Conclusion
We have proposed values for inter-frequency absolute and relative RSRP measurement accuracy requirements, and intra- and inter-frequency absolute and relative RSRQ measurement accuracy requirements, under normal conditions and, where applicable, lower Io range. These values may serve as starting point for discussing on extreme conditions and, where applicable, upper Io range.
A related CR where the values are incorporated within brackets in 36.133 is provided in [3].
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Appendix
RSRP and RSRQ Measurement approach
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 SINR achieved by the coherent averaging is 3dB for every doubling of the number of coherently averaged CRSs. Hence when deriving the legacy requirements an SINR 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 -15dB, 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, which allows for an SINR increase of about 10.8dB and thus would allow Ês/Iot down to -16.8 dB to be supported. However, increasing the time and frequency window over which the REs are coherently averaged makes the result sensitive to time- and frequency characteristics of the propagation channel, as well as to carrier frequency offset. Therefore, the performance gain by increasing the number of REs in general is smaller than in theory.
The two sizes of coherent averages are shown in Figure 1. 


[bookmark: _Ref416707870]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.

Simulation assumptions

[bookmark: _Ref481677089]Table 3: Simulation parameters 
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RBs
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]L1 measurement period
	960 ms (CE mode A)
1600 ms (CE mode B)
	

	Measurement sampling rate
	80ms

	

	Consecutive subframes used
	2
	Coherent averaging over 96 REs

	L3 filtering
	Disabled
	

	Transmit antennas
	1
	One TX port only

	Receive antennas
	1 
	One RX branch

	Propagation conditions
CE mode A
	AWGN, EPA1, EPA5, ETU1, ETU30
	Range: Ês/Iot ≥ -6dB

	Propagation conditions
CE mode B
	AWGN, ETU 1, EPA 1Hz
	Range: -15 ≤  Ês/Iot < -6 dB

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Residual CFO
	50Hz
	



Simulation results, CE mode A
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Simulation results, CE mode B
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