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1 Introduction
In RAN1#80 meeting, an LS on measurement performance for MTC [1] was sent to invite RAN4 to provide feedback on the achievable RSRP and RSRQ measurement accuracies and measurement time for Rel-13 low complexity UEs. 
	RAN1#80 discussed the RSRP and RSRQ measurement performance for UEs in enhanced coverage.
· In the enhanced coverage region the operating point can be substantially lower than normal, meaning that the RSRP and RSRQ measurement ranges need to be modified.

· In order to improve the channel estimation performance for demodulation purposes at low operating points under stationary conditions, the following techniques have been discussed in RAN1. These techniques may be also useful for measurements.

· Coherent combining of reference symbols over multiple subframes

· Coherent combining of reference symbols over coherent frequency bandwidth

· Increased reference symbol density (FFS)

· It is unclear what degradation of the measurement performance that can be expected at low operating points, e.g. in terms of reduced measurement accuracy and/or increased measurement time.

· It is also unclear what impact the reduced bandwidth of the Rel-13 low complexity UE and the potential frequency re-tuning or frequency hopping will have on the measurement performance.

· One of the objectives of the work item is to provide UE power consumption reduction in both normal and enhanced coverage, targeting “ultra-long battery life”. According to the work item description “reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction”.


In RAN4#74bis meeting, the simulation assumptions for Rel-13 MTC RSRP and RSRQ accuracy studies were agreed in [2]. This contribution shows evaluation results for measurement performance of MTC UEs.
2 Discussion
2.1 Simulation assumptions
For RSRP/RSRQ measurement accuracy simulation, the important parameters are summarized in Table 1. 
Table 1: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 and 2
	Single and double Rx branches, respectively  

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz, respectively
	

	Channel estimation techniques
	Current method (Rel-8) for RS averaging, 

coherent averaging over multiple subframes [1], coherent combining of RS over coherent frequency bandwidth [1], increased RS density [1], other techniques are not precluded. 
	Implementation dependent (NOTE 2)

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-18 dB, …, 5 dB
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


It can be expected that the RSRP/RSRQ measurement performance degrades at low operating points. This contribution will investigate the RSRP/RSRQ measurement accuracy with different measurement periods and sample durations. The details of measurement parameters are listed as follows.
· Sample duration: N = 1, 3, 5 (Unit: ms)
· One measurement sample is calculated by coherent averaging over N consecutive DL subframes.
· Measurement sampling rate: 40ms

· L1 measurement period: 200ms, 400ms, 800ms, 1600ms
2.2 Results for measurement accuracy
The simulation assumptions for Rel-13 MTC measurement accuracy studies are given in section 2.1. The RSRP measurement performances are evaluated with both single receiver branch (1Rx) and with dual receiver branches (2Rx). In order to evaluate the measurement improvement by increasing measurement period or sample duration, the performance with 200ms measurement period and sample duration=1ms will be considered as baseline. 
2.2.1 Baseline performance
With 200ms measurement period and each measurement sample over one subframe, the RSRP measurement accuracies under different channel models are shown in Table 2. In the legend, “x %” stands for x-th percentile measured RSRP level of the distribution curve.
Table 2. RSRP accuracy with 200ms measurement period and 1ms sample duration
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Figure 1-1(a) RSRP accuracy in AWGN with 1Rx
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Figure 1-1(b) RSRP accuracy in AWGN with 2Rx
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Figure 1-2(a) RSRP accuracy in EPA5 with 1Rx
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Figure 1-2(b) RSRP accuracy in EPA5 with 2Rx

	[image: image5.png]Absclute RSRQ Accuracy (Lhit <B)

Absdute RSRQ Accuracy: ETUBD, 1R

=]





Figure 1-3(a) RSRP accuracy in ETU30 with 1Rx
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Figure 1-3(b) RSRP accuracy in ETU30 with 2Rx
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Figure 1-4(a) RSRP accuracy in EPA1 with 1Rx
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Figure 1-4(b) RSRP accuracy in EPA1 with 2Rx
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Figure 1-5(a) RSRP accuracy in ETU1 with 1Rx
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Figure 1-5(b) RSRP accuracy in ETU1 with 1 2Rx


Figures in Table 2 express the 5th, 50th and 95th percentile of the measured RSRP level under different testing conditions. The simulation results indicate that the absolute measurement accuracy degrades greatly at low SNR levels, e.g., the absolute RSRP accuracy is more than 6dB in all fading channels with 1Rx.
Observation 1: In fading channels with 1Rx, the absolute RSRP accuracy with using legacy measurement period is more than 6dB (without considering RF implementation margin) at low SNR points, e.g., SNR ≤-12dB.
2.2.2 Enhanced performance by increasing sample duration
With 200ms measurement period, the RSRP measurement accuracies with different sample duration are evaluated under different channel models. In the legend, “duration = x ms” indicates that a measurement sample has been calculated by using coherent averaging over x consecutive DL subframes. The relative RSRP accuracies with 1ms, 3ms and 5ms sample duration are shown in Table 3.
Table 3. Relative RSRP accuracy with 200ms measurement period
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Figure 2-1(a) RSRP accuracy in AWGN with 1Rx
	[image: image12.png]Relative RSRP Accuracy (Lhit <B)

Messurement Period =200ms: Relative RSRP Accuracy, AWGHN 2R
12, T T T T T T T
—e— duration=Trs.
—F— dusticn=3ms
—+— durstion=trs.

8 5 2 ) - 3 0 ERE




Figure 2-1(b) RSRP accuracy in AWGN with 2Rx
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Figure 2-2(a) RSRP accuracy in EPA5 with 1Rx
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Figure 2-2(b) RSRP accuracy in EPA5 with 2Rx
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Figure 2-3(a) RSRP accuracy in ETU30 with 1Rx
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Figure 2-3(b) RSRP accuracy in AWGN with 2Rx
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Figure 2-4(a) RSRP accuracy in EPA1 with 1Rx
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Figure 2-4(b) RSRP accuracy in EPA1 with 2Rx
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Figure 2-5(a) RSRP accuracy in ETU1 with 1Rx
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Figure 2-5(b) RSRP accuracy in ETU1 with 1 2Rx


Based on the simulation results in Table 3, it can be observed that the measurement accuracy is improved by increasing sample duration, e.g., increasing the number of consecutive subframes used for coherent averaging calculation in each measurement sample. By using 5ms sample duration, 0dB~4dB gain of relative RSRP accuracy can be achieved.
Observation 2: Coherent combining of reference symbols over multiple subframes improves RSRP measurement accuracy.
2.2.3 Enhanced performance by extending L1 measurement period
With each measurement sample over one subframe, the RSRP measurement accuracies with different measurement period are evaluated under different channel models. In the legend, “meaPeriod = x ms” indicates that x ms L1 measurement sample is used. The relative RSRP accuracies with 200ms, 400ms, 800ms, 1200ms and 1600ms measurement period are shown in Table 4.
Table 4. Relative RSRP measurement accuracy with 1ms sample duration
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Figure 3-1(a) RSRP accuracy in AWGN with 1Rx
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Figure 3-1(b) RSRP accuracy in AWGN with 2Rx
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Figure 3-2(a) RSRP accuracy in EPA5 with 1Rx
	[image: image24.png]Relative RSRP Accuracy (Lhit <B)

© B 2 5

Sarrple Duration =1rrs: Relative RERP Accuracy, EPAS 2R

—e— mesPerio=200ms
—F— mesPeriod=400ms
-{ —+— mesPeriod=B00ms
—E— mesPeriod=1600ms





Figure 3-2(b) RSRP accuracy in EPA5 with 2Rx
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Figure 3-3(a) RSRP accuracy in ETU30 with 1Rx
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Figure 3-3(b) RSRP accuracy in AWGN with 2Rx
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Figure 3-4(a) RSRP accuracy in EPA1 with 1Rx
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Figure 3-4(b) RSRP accuracy in EPA1 with 2Rx
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Figure 3-5(a) RSRP accuracy in ETU1 with 1Rx
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Figure 3-5(b) RSRP accuracy in ETU1 with 1 2Rx


From the simulation results in Table 4, it can be observed that the measurement accuracy is improved by extending L1 measurement period in all cases. By using 1600ms measurement period, i.e., increasing measurement samples for non-coherent averaging, at least 5dB improvement on relative RSRP accuracy can be achieved at lower SNR point, i.e., SNR ≤-12dB.

Observation 3: Using longer L1 measurement period improves RSRP measurement accuracy.
3 Conclusion
This paper provides the simulation results and discussion of RSRP/RSRQ measurement performance for Rel-13 MTC, and the following observations are made:
Observation 1: In fading channels with 1Rx, the absolute RSRP accuracy with using legacy measurement period is more than 6dB (without considering RF implementation margin) at low SNR points, e.g., SNR ≤-12dB.

Observation 2: Coherent combining of reference symbols over multiple subframes improves RSRP measurement accuracy.
Observation 3: Using longer L1 measurement period improves RSRP measurement accuracy.
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