
3GPP TSG-RAN WG4 Meeting #75
R4-152778
Fukuoka, Japan, 25 – 29 May, 2015
Agenda item:
7.7.5
Source:
Intel Corporation
Title:
On RSRP accuracy of eMTC UEs in extended coverage mode
Document for:
Discussion
1
Introduction
As the Release-13 Work Item on further LTE physical layer enhancements for MTC (eMTC) [1] makes progress with the core specification, some feedback from RAN4 has been requested by RAN1 [2], [3].  A discussion of RSRP/RSRQ accuracy for eMTC UEs in regular and extended coverage modes took place during the RAN4 #74bis meeting and generated a variety of views among interested companies.  Following the recommendations of [4], RAN4 agreed to study the topic of RSRP/RSRQ accuracy and approved a set of simulation assumptions in [5].
This paper presents our initial simulation results of RSRP accuracy for eMTC UEs operating in extended coverage mode.
2
Discussion

2.1
Simulation assumptions
The RSRP accuracy simulation assumptions in [5] provide scope for a significant investigation of the topic.  Table 1 below lists the parameters used in this paper.
Table 1: Simulation parameters for eMTC RSRP measurement accuracy study

	Measurement bandwidth
	1.4 MHz (6 RBs)

	System bandwidth
	1.4 MHz (6 RBs)

	L1 Measurement period
	200 ms

	Measurement sampling rate
	50 ms

	L3 filtering
	disabled

	Transmit antennas
	1

	Receive antennas
	1, 2

	Propagation conditions
	AWGN, EPA-5Hz Low

	RSRP estimation techniques
	Legacy (Rel-8 RS averaging), coherent combining

	Coherent combining period
	2

	CP length
	Normal

	Carrier frequency
	2 GHz

	SNR points
	{0,-12,-21}


2.2
Simulation setup
A scheme to coherently combine the RS symbols in order to generate improved estimates of RSRP was implemented in this study.  The parameter “Coherent combining period” identified in Table 1 refers to the selection of the number of measurement opportunities in the coherent combination.  Figure 1 below illustrates four steps of this scheme.
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Figure 1: Coherently combining RSRP measurements across 2 measurement opportunities

On this figure the y-axis represents the linear power and the x-axis represents the RE index.  In black are plotted the actual values before noise is applied (note that an EVM of 0.06 dBm was applied), and in red are plotted the values with noise applied.  The evolution from Meas1 through Meas4 illustrates the buffer of I/Q values as it shifts along with the measurements.  During the initial Meas1 the buffer is empty, and the RSRP estimate is calculated across the 4 available measurement opportunities.  During subsequent measurement opportunities, the buffer includes the I/Q values from the previous measurement opportunity plus the current.
2.3
Simulation results

Figures 2 and 3 below summarize the simulation results.
a)[image: image2.emf]-1.5 -1 -0.5 0 0.5 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP accuracy (dB)

CDF

RSRP accuracy CDFs, AWGN

 

 

2rx normal,SNR= 0,rel=-0.0,abs=0.5

2rx comb p=2,SNR= 0,rel=-0.0,abs=0.4

1rx normal,SNR= 0,rel=-0.1,abs=0.7

1rx comb p=2,SNR= 0,rel=-0.0,abs=0.7

b) [image: image3.emf]-4 -3 -2 -1 0 1 2 3 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP accuracy (dB)

CDF

RSRP accuracy CDFs, AWGN

 

 

2rx normal,SNR=-12,rel=-0.1,abs=2.5

2rx comb p=2,SNR=-12,rel=-0.2,abs=2.4

1rx normal,SNR=-12,rel=0.4,abs=3.0

1rx comb p=2,SNR=-12,rel=-0.3,abs=2.9


c) [image: image4.emf]0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP accuracy (dB)

CDF

RSRP accuracy CDFs, AWGN

 

 

2rx normal,SNR=-21,rel=5.9,abs=3.2

2rx comb p=2,SNR=-21,rel=3.1,abs=2.9

1rx normal,SNR=-21,rel=7.2,abs=2.8

1rx comb p=2,SNR=-21,rel=4.2,abs=3.1


Figure 2: RSRP accuracy CDFs in AWGN; a) SNR=0, b) SNR=-12, c) SNR=-21

Observation 1: The bias of the legacy RSRP estimator of a single-receiver eMTC UE does not exceed 0.5 dB up to an SNR level of -12 dB in the AWGN channel and is comparable to the legacy two-rx implementation.  In these conditions the coherent combining scheme of RSRP estimates does not show significant improvement of performance.
Observation 2: The legacy RSRP estimator in a single-receiver eMTC UE operating at an SNR level of -21 dB in the AWGN channel exhibits a bias of 7.2 dB in the relative accuracy metric; this is reduced to 4.2 dB (a 3 dB gain) by the coherent combining scheme
Observation 3: The spread of the CDF of the legacy RSRP estimator of a single-receiver eMTC UE is within 0.5 dB of the two-rx case up to an SNR level of -21 dB in the AWGN channel.  In these conditions the coherent combining scheme of RSPR estimates does not show significant improvement of performance.
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Figure 3: RSRP accuracy CDFs in EPA-5Hz Low; a) SNR=0, b) SNR=-12, c) SNR=-21

Observation 4: The bias of the legacy RSRP estimator of a single-receiver eMTC UE is nearly the same as the two-rx case up to an SNR level of -12 dB in the EPA-5Hz Low channel.  In these conditions the coherent combining scheme of RSRP estimates does not show significant improvement of performance.
Observation 5: The legacy RSRP estimator in a single-receiver eMTC UE operating at an SNR level of -21 dB in the AWGN channel exhibits a bias of 11.6 dB in the relative accuracy metric; this is reduced to 8.6 dB (a 3 dB gain) by the coherent combining scheme.

Observation 6: Even a pedestrian mobility scenario (5 Hz) introduces significant degradation to the RSRP estimation performance.

Observation 7: The spread of the CDF of the legacy RSRP estimator of a single-receiver eMTC UE degrades by 1.9 dB relative to the two-receiver UE at an SNR level of -12 dB in the EPA-5Hz Low channel.  In these conditions coherent combining improves absolute accuracy by 1.1 dB; at an SNR level of -21 dB this degradation is 2.2 dB and is reduced by 0.5 dB by the coherent combining scheme.
Observation 8: As a general observation, the implementation of a coherent combining scheme necessarily increases the complexity of the UE implementation by the size of the buffer needed to collect and hold the RS symbols’ I/Q values.

3
Conclusions

In this paper initial simulation results of the RSRP accuracy of an eMTC UE operating in extended coverage conditions were presented.  The following observations have been made:
Observation 1: The bias of the legacy RSRP estimator of a single-receiver eMTC UE does not exceed 0.5 dB up to an SNR level of -12 dB in the AWGN channel and is comparable to the legacy two-rx implementation.  In these conditions the coherent combining scheme of RSRP estimates does not show significant improvement of performance.

Observation 2: The legacy RSRP estimator in a single-receiver eMTC UE operating at an SNR level of -21 dB in the AWGN channel exhibits a bias of 7.2 dB in the relative accuracy metric; this is reduced to 4.2 dB (a 3 dB gain) by the coherent combining scheme

Observation 3: The spread of the CDF of the legacy RSRP estimator of a single-receiver eMTC UE is within 0.5 dB of the two-rx case up to an SNR level of -21 dB in the AWGN channel.  In these conditions the coherent combining scheme of RSPR estimates does not show significant improvement of performance.
Observation 4: The bias of the legacy RSRP estimator of a single-receiver eMTC UE is nearly the same as the two-rx case up to an SNR level of -12 dB in the EPA-5Hz Low channel.  In these conditions the coherent combining scheme of RSRP estimates does not show significant improvement of performance.

Observation 5: The legacy RSRP estimator in a single-receiver eMTC UE operating at an SNR level of -21 dB in the AWGN channel exhibits a bias of 11.6 dB in the relative accuracy metric; this is reduced to 8.6 dB (a 3 dB gain) by the coherent combining scheme.

Observation 6: Even a pedestrian mobility scenario (5 Hz) introduces significant degradation to the RSRP estimation performance.

Observation 7: The spread of the CDF of the legacy RSRP estimator of a single-receiver eMTC UE degrades by 1.9 dB relative to the two-receiver UE at an SNR level of -12 dB in the EPA-5Hz Low channel.  In these conditions coherent combining improves absolute accuracy by 1.1 dB; at an SNR level of -21 dB this degradation is 2.2 dB and is reduced by 0.5 dB by the coherent combining scheme.

Observation 8: As a general observation, the implementation of a coherent combining scheme necessarily increases the complexity of the UE implementation by the size of the buffer needed to collect and hold the RS symbols’ I/Q values.
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