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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 follows up on Intel’s investigation of the topic in [6] and presents simulation results of RSRP accuracy for eMTC UEs operating in extended coverage mode under a variety of coherent combining schemes.
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
	40 ms

	L3 filtering
	disabled

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN

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

	Coherent combining period
	{2,4,5}

	CP length
	Normal

	Carrier frequency
	2 GHz

	SNR points
	{0,-9,-18}

	Frequency & timing offset
	300 Hz & 3us (selected simulations only)


2.2
Simulation results

The simulation results without frequency and timing offset modelling are shown in Figure 1 below.
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Rel-8 p200,SNR=0,bias=-0.0,rel=0.7,abs=0.8

Rel-8 p200,SNR=-9,bias=1.4,rel=1.3,abs=2.7

Rel-8 p200,SNR=-18,bias=8.1,rel=1.3,abs=9.5

2SF p200,SNR=0,bias=-0.0,rel=0.5,abs=0.5

2SF p200,SNR=-9,bias=0.4,rel=1.2,abs=1.5

2SF p200,SNR=-18,bias=5.4,rel=1.5,abs=6.9

4SF p400,SNR=0,bias=-0.0,rel=0.2,abs=0.3

4SF p400,SNR=-9,bias=0.0,rel=0.7,abs=0.7

4SF p400,SNR=-18,bias=3.1,rel=0.9,abs=4.0

5SF p400,SNR=0,bias=-0.0,rel=0.2,abs=0.2

5SF p400,SNR=-9,bias=0.0,rel=0.6,abs=0.6

5SF p400,SNR=-18,bias=2.3,rel=1.2,abs=3.5


Figure 1: RSRP accuracy CDFs (no frequency/timing offset)
The absolute and relative accuracy metrics are summarized in Table 2 below.

Table 2: Simulated RSRP accuracy results

	RSRP estimation scheme
	Rel-8
	2SF, p200
	4SF, p400
	5SF, p400

	Simulated RSRP performance
	
	
	
	

	SNR point
	-18
	-9
	0
	-18
	-9
	0
	-18
	-9
	0
	-18
	-9
	0

	Abs. accuracy (NOTE 1)
	9.5
	2.7
	0.8
	6.9
	1.5
	0.5
	4.0
	0.7
	0.3
	3.5
	0.6
	0.2

	Rel. accuracy (NOTE 1)
	1.3
	1.3
	0.7
	1.5
	1.2
	0.5
	0.9
	0.7
	0.2
	1.2
	0.6
	0.2


NOTE 1: These simulation results do not contain an RF margin

As described in [7], a summary table of RSRP accuracy requirements (Table 3 below) is helpful for further analysis of the simulated results.

Table 3: Summary of RSRP and RSRQ measurement accuracy requirements UE category 0 [7]
	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


Observation 1: The BB complexity requirement to implement the 5-subframe combining scheme is most likely too prohibitive.
Observation 2: With existing CRS design it may not be possible to achieve the needed accuracy requirement for a coverage-enhancement mode eMTC UE.
Observation 3: CRS-based RSRP estimation under extended coverage conditions may be a useful tool to determine operating points such as PRACH CE levels.

To evaluate the ability of the coherent combining algorithm to mitigate frequency and timing offset simulations were run for the Rel-8 and 2-subframe combining schemes.  Figure 2 below illustrates these results.
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Rel-8 p200,SNR=0,bias=-0.0,rel=0.7,abs=0.8

Rel-8 p200,SNR=-9,bias=1.1,rel=1.5,abs=2.6

Rel-8 p200,SNR=-18,bias=8.2,rel=1.4,abs=9.6

2SF p200,SNR=0,bias=-0.1,rel=0.5,abs=0.6

2SF p200,SNR=-9,bias=-1.0,rel=2.1,abs=3.1

2SF p200,SNR=-18,bias=5.0,rel=1.2,abs=6.2


Figure 2: RSRP accuracy CDFs (with frequency/timing offset)

Observation 4: Both the legacy and the coherent combining algorithms are capable of mitigating frequency and timing offset in our simulations.  Given that frequency and timing offset compensation algorithms are UE implementation-specific, some margin for their performance in a low-complexity UE may be helpful to consider.
3
Conclusions

In this paper we have presented further simulation results of RSRP accuracy using coherent combining of CRS in an AWGN channel.  Performance with frequency and timing offset has also been considered.
Observation 1: The BB complexity requirement to implement the 5-subframe combining scheme is most likely too prohibitive.

Observation 2: With existing CRS design it may not be possible to achieve the needed accuracy requirement for a coverage-enhancement mode eMTC UE.

Observation 3: CRS-based RSRP estimation under extended coverage conditions may be a useful tool to determine operating points such as PRACH CE levels.

Observation 4: Both the legacy and the coherent combining algorithms are capable of mitigating frequency and timing offset in our simulations.  Given that frequency and timing offset compensation algorithms are UE implementation-specific, some margin for their performance in a low-complexity UE may be helpful to consider.
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