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1 Introduction
In [1] we have provided an analysis on questions raised by RAN1, [2], on measurement performance of Rel-13 low-complexity MTC devices operating in enhanced coverage. We identified that in principle the measurement requirements for UE category 0 can be reused for SINR down to -18dB for both RSRP and RSRQ by extending the coherent averaging of CRS to cover two subframes in time and 6RBs in frequency.
In this contribution we investigate the performance when the same approach to estimate RSRP and RSRQ is used in normal coverage, i.e. when SINR ≥ -6dB. 
2 Analysis

2.1 Operation in normal versus enhanced coverage

In the LS [2] it was pointed out that low-cost MTC devices operating in enhanced coverage are assumed to be stationary. For normal coverage we assume that the same low-cost devices shall be capable also of handling mobility in moderate speed. 

In stationary conditions the characteristics of the radio channel changes slowly over time, and it is therefore possible to accumulate CRS from two or more subframes to suppress noise and interference before calculating the power, in order to reduce bias. Depending on the frequency characteristics of the radio channel when receiving multiple paths it may also be possible to accumulate over a wider bandwidth, e.g. 6RBs. This has been investigated in [1].
2.2 Existing RSRP and RSRQ accuracy requirements

Existing measurement accuracy requirements for UE category 0 in TS 36.133 [3] 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 are captured in Table 1 below, and are applicable under AWGN.

Table 1: 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


The measurement period is 400ms for UE category 0 (while 200ms for existing UE categories ≥ 1). 

2.3 Measurements by low-cost MTC device

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 SINR -18dB, the coherent averaging needs to include more samples to provide another 12dB increase in SNR, totaling to SNR 21dB compared to that of an individual CRS. This means that ideally the coherent average shall comprise about 128 CRSs in order to sufficiently suppress the bias under the existing measurement accuracy requirements. However, using all CRSs in two adjacent subframes only 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 coherent averaging over 8 CRSs sufficing legacy requirements as well as the averaging over 96 CRSs to support enhanced coverage are illustrated in Figure 1 below.
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Figure 1: Coherent averaging over 2x4 and 12x8 CRSs.
2.4 Simulations

The effect of the size of the coherent averaging in normal propagation conditions, under the requirements defined for UE category 0, has been investigated by means of simulations. 

The simulation setup used is summarized in Table 2.
Table 2: Simulation parameters

	Case
	12x8 1Rx
	12x8 2Rx
	2x4 1Rx
	2x4 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, ETU-70Hz

	Receiver
	Ideal receiver

	Rx antennas
	1
	2
	1
	2

	Coherent average size
	96
	96
	8
	8

	Number of coherent averages per measurement period
	10
	10
	120
	120

	Total number of CRSs used over a measurement period
	960


Simulations using 1 and 2 Rx antennas were carried out by selecting the RSRP and RSRQ from Rx1, and the largest from Rx1 and Rx2, respectively. Each point is based on 1000 realizations. 
2.5 RSRP measurement accuracy

The results for the RSRP measurement accuracy simulations are shown here for the propagation conditions:

· AWGN (Static-1) – Figure 2
· EVA 1 Hz – Figure 3 
· EPA 1 Hz – Figure 4
· ETU 1 Hz – Figure 5
· ETU 70 Hz – Figure 6
Results are shown as measured RSRP relative to the noise level versus the actual RSRP relative to the noise level. The latter may directly be interpreted as SNR. The ideal result follows a diagonal line that is indicated in the figures, and deviations from the ideal result indicate bias. The 5th and 95th percentiles as well as the mean of the estimated RSRP are shown, and the distance between the percentiles indicates variance. The allowed tolerance in AWGN propagation conditions is shown as reference for all propagation conditions. 
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Figure 2: RSRP measurement accuracy in AWGN for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx.
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Figure 3: RSRP measurement accuracy in EVA 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
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Figure 4: RSRP measurement accuracy in EPA 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
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Figure 5: RSRP measurement accuracy in ETU 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
[image: image18.png]Measured relative power [dB|

30

ETU 12x8 1Rx

2

20

15

10

th pere
95h pore
ideal

5 0 5 10
Actual relative power [dB]

15 20



[image: image19.png]Measured relative power [dB|

30

ETU 12x8 2Rx

2

20

15

10

th pere
95h pore
ideal

0 5 10
Actual relative power [dB]

15 20




[image: image20.png]Measured relative power [dB|

30

ETU 2x4 1Rx

2

20

15

10

T Sihpere
O3t pere
ideal

0 5 10
Actual relative power [dB]

15

20



[image: image21.png]Measured relative power [dB|

30

ETU 2x4 2Rx

2

20

15

10

th pere
95h pore

ideal

5 0 5 10
Actual relative power [dB]

15

20




Figure 6: RSRP measurement accuracy in ETU 70 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
It can be observed that for AWGN the requirements can be met regardless of approach with respect to coherent averaging and the number of Rx antennas used. Hence existing requirements for UE category 0 can be reused.
Observation 1: For AWGN, RSRP is within the allowed accuracy tolerance with a good margin hence existing requirements on RSRP measurement accuracy for UE category 0 can be applied also for Rel-13 low-cost MTC devices in normal coverage.

Moreover it can be observed that for the fading channels EVA and ETU the performance is generally better when using many small coherent averages (2x4) than when using a few large ones (12x8). The small averages are not suppressing as much noise as the large ones, but the latter are sensitive to the frequency characteristics of the propagation channel. Since the noise power is lower in normal coverage than in enhanced coverage only the negative effect of sensitivity to frequency characteristics is seen and virtually no benefits are gained from the noise-suppression capabilities.

For EPA it seems challenging since when using only a single Rx antenna the variance becomes large, but this should be no difference from the performance of UE category 0.
In all the simulations indicate that sufficient RSRP measurement performance can be achieved by an MTC device using a single Rx antenna, also in a low-speed mobility scenario as modelled by ETU 70Hz (30-40km/h).
2.6 RSRQ measurement accuracy

The results for the RSRQ measurement accuracy simulations are shown here for the propagation conditions:

· AWGN (Static-1) – Figure 7
· EVA 1 Hz – Figure 8
· EPA 1 Hz – Figure 9
· ETU 1 Hz – Figure 10
· ETU 70 Hz – Figure 11
Results are shown as measured RSRQ versus SNR. The ideal RSRQ is indicated in the figures, and deviations from the ideal result indicate bias. The 5th and 95th percentiles as well as the mean of the estimated RSRQ are shown, and the distance between the percentiles indicates variance. The allowed tolerance in AWGN propagation conditions is shown as reference for all propagation conditions. 
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Figure 7: RSRQ measurement accuracy in AWGN for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx.
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Figure 8: RSRQ measurement accuracy in EVA 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
[image: image30.png]Measured RSRQ) [dB)

EPA 1258 1Rx

-10

12

-14

-16

-18

th pere
95h pore
ideal

5
SINR [dB]

10

15 20



[image: image31.png]Measured RSRQ) [dB)

EPA 1258 2Rx

-10

12

-14

th pere
95h pore
ideal

5 10
SINR [dB]

15

20



[image: image32.png]Measured RSRQ) [dB)

EPA 2x4 IRx

-10

12

-14

th pere
95h pore
ideal

5
SINR [dB]

10

15

20



[image: image33.png]EPA 2x4 2Rx

Measured RSRQ) [dB)
= 8 3

3

s e
th pere
. 5t
+ idea
L -~ requirement
5 0 5 10 15 20

SINR [dB]




Figure 9: RSRQ measurement accuracy in EPA 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
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Figure 10: RSRQ measurement accuracy in ETU 1 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
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Figure 11: RSRQ measurement accuracy in ETU 70 Hz propagation conditions for (TL) 12x8 1Rx, (TR) 12x8 2Rx, (BL) 2x4 1Rx and (BR) 2x4 2Rx. Note that the indicated requirements are applicable only for AWGN and shown here merely for reference.
The RSRQ accuracy achieved for AWGN are well within the tolerance regardless of coherent average size and number of Rx antennas in use. Hence existing requirements for UE category 0 can be reused.

Observation 2: For AWGN, RSRQ is within the allowed accuracy tolerance with a good margin hence existing requirements on RSRQ measurement accuracy for UE category 0 can be applied also for Rel-13 low-cost MTC devices in normal coverage.

Same as for RSRP it can be observed that for the fading channels EVA and ETU the performance is generally better when using many small coherent averages (2x4) than when using a few large ones (12x8). This follows from that the received power estimate (received signal strength indication; RSSI) is relatively insensitive to the frequency characteristics of the channel, although of course a fading dip results in a lower received power. Hence the RSRQ performance very much follows that of RSRP.  

For EPA it is challenging due to the large variance of the RSRP estimate, but again this should be no difference from the performance of UE category 0.

Here too the simulations indicate that sufficient RSRQ measurement performance can be achieved by an MTC device using a single Rx antenna, also in a low-speed mobility scenario as modelled by ETU 70Hz.
3 Conclusions
We have analysed the expected performance with respect to RSRP and RSRQ measurement accuracy of Rel.13 low-cost MTC devices capable of enhanced coverage. The results indicate that the performance requirements for Rel-12 UE category 0 can be applied also on Rel-13 low-cost MTC. Particularly, we made the following observations:
Observation 1: For AWGN, RSRP is within the allowed accuracy tolerance with a good margin hence existing requirements on RSRP measurement accuracy for UE category 0 can be applied also for Rel-13 low-cost MTC devices in normal coverage.

Observation 2: For AWGN, RSRQ is within the allowed accuracy tolerance with a good margin hence existing requirements on RSRQ measurement accuracy for UE category 0 can be applied also for Rel-13 low-cost MTC devices in normal coverage.

As expected the performance is somewhat worse for fading channels in general and EPA in particular, but it should be no different from the performance achieved by UE category 0.
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