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1. Introduction
Simulation assumptions for RSRP/RSRQ for low complexity UEs were agreed in RAN4#70 meeting and they can be found in [1]. Low complexity UE is defined by several capabilities, and one important capability that may affect or degrade the downlink cell measurement (e.g. RSRP, RSRQ) is single receive antenna capability. The existing requirements were defined for two receive antennas. In this paper RSRP and RSRQ simulation results for 1 rx, FDD and TDD configuration using above mentioned assumptions are presented for three propagation conditions; AWGN, EPA5 and ETU70. In addition, the impact of having various measurement periods is also investigated. 
2. Performance Parameters
The existing intra frequency measurement requirement comprises: 
1.
(6 dB of absolute RSRP accuracy for Ês/Iot of (-6 dB 
2.
 (8 dB of absolute RSRP accuracy for Ês/Iot of (-6 dB provided the conditions minimum Io -70 dBm/BWchannel and -50 dBm/BWchannel in 36.133.
3.
(2 dB of relative RSRP accuracy for Ês/Iot of (-3 dB

4.  (3 dB of relative RSRP accuracy for Ês/Iot of (-6 dB 
5.
(2.5 dB of absolute RSRQ accuracy for Ês/Iot of (-3 dB 
6. (3.5 dB of absolute RSRQ accuracy for Ês/Iot of (-6 dB
The simulations are carried out using simulation assumptions in [1] and the results are compared to ideal measurements which are defined as shown below.
Ideal RSRP:
average RSRP is measured at SNR=30 dB
Ideal RSSI:
every RE transmits same power as CRS REs
The RSRP and RSRQ results are studied in two parts. In the first part, the impact of reducing receive antennas is studied by analyzing the results of 1 rx and 2 rx wherein a measurement period of 200 ms and sampling rate of 40 ms are assumed. In the second part the impact is studied when the sampling rate is reduced to 80 ms and the measurement periodis extended to 400 ms. It is noted that only RRC_CONNECTED state is and intra-frequency measurements are considered in this paper. 
3. Simulation results
The simulation results in terms of absolute RSRP and RSRQ for AWGN, EPA5 and ETU70 for 1 receive antennas are shown in figures 1, 2, 3 and 4. The results show the accuracy, i.e. difference between the measured value and the corresponding ideal value as described above. Corresponding simulation results with 2 receive antennas are provided in figures 5, 6, 7 and 8 in the Annex. 

2.1 Simulation results for RSRP
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Figure 1 RSRP, 1 Rx, 200 ms measurement period
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Figure 2 RSRP, 1 Rx, 400 ms measurement period
2.2 Simulation results for RSRQ
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Figure 3 RSRQ, 1 Rx, 200 ms measurement period
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Figure 4 RSRQ, 1 Rx, 400 ms measurement period
3 Analysis of Results
It is observed in Figures 1 and 3 that both RSRP and RSRQ accuracy performance is degraded when reducing number of receive antennas from 2 to 1 both FDD and TDD. The decrease is very small for the AWGN propagation channel. However, in more realistic scenarios with fading propagation channels like EPA5 and ETU70 the accuracy is often degraded by more than 1 dB and in some cases it is even greater than 2 dB. Moreover, the RSRP and RSRQ accuracies seen in Figure 1 and 3 for the ETU70 channel is better than the EPA5 because of higher Doppler in ETU70. 
The measurement period impact is further studied for both RSRP and RSRQ and the results are shown in Figures 2 and 4. The results show that similar performance can be maintained when extending the measurement period and sampling less frequently. In these simulations the measurement period was extended from 200 ms to 400 ms and the sampling rate was reduced from 40 ms to to 80 ms. In other words, the number of measurement occasions within the measurement period is the same. But, there are fewer samples in the latter case and therefore it should be possible to reduce the power consumption provided that the same accuracy can be maintained.
· Proposal # 1: The existing absolute RSRP accuracy requirement is relaxed with 2 dB for low complexity UEs. 
· Proposal # 2: The existing absolute RSRQ accuracy requirement is relaxed with 1.5 dB for low complexity UEs. 

· Proposal # 3: The measurement period is extended from 200 ms to 400 ms in non-DRX. 
4 Summary

In this paper we have studied the impact of low complexity MTC UE with 1 receive antenna on downlink cell measurements (RSRP, RSRQ) accuracy requirements. The outcomes of the results indicate that this requirement becomes a problem for portion of low complexity MTC UEs, especially for fading channel like EPA and ETU propagation conditions. Based on presented results and analysis, we propose the following:
Proposal # 1: The existing absolute RSRP accuracy requirement is relaxed with 2 dB for low complexity UEs. 

Proposal # 2: The existing absolute RSRQ accuracy requirement is relaxed with 1.5 dB for low complexity UEs. 

Proposal # 3: The measurement period is extended from 200 ms to 400 ms in non-DRX. 

5 Annex
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Figure 5 RSRP, 2 Rx, 200 ms measurement period
[image: image6.emf]2Rx FDD, RSRP, 400 ms 2Rx TDD, RSRP, 400 ms

Measurem

ent period 

(ms)

Propagatio

n channel

Ec/Iot [dB] 5% 95%95%-5%

Measurem

ent period 

(ms)

Propagatio

n channel

Ec/Iot [dB] 5% 95%95%-5%

AWGN -6 -0,044 1,256 1,3 400AWGN -6 0,017 1,312 1,295

EPA5 -6 -1,507 3,236 4,743 EPA5 -6 -1,518 3,46 4,978

ETU70 -6 -0,831 2,935 3,766 ETU70 -6 -0,198 2,289 2,487

AWGN -3 -0,079 0,701 0,78 400AWGN -3 -0,043 0,721 0,764

EPA5 -3 -2,113 3,066 5,179 EPA5 -3 -2,465 3,454 5,919

ETU70 -3 -1,583 2,676 4,259 ETU70 -3 -0,987 1,796 2,783

AWGN 0 -0,029 0,38 0,409 400AWGN 0 -0,022 0,396 0,418

EPA5 0 -2,555 3,281 5,836 EPA5 0 -3,058 3,333 6,391

ETU70 0 -1,975 2,827 4,802 ETU70 0 -1,263 1,82 3,083

AWGN 3 -0,005 0,264 0,269 400AWGN 3 -0,013 0,26 0,273

EPA5 3 -2,859 3,309 6,168 EPA5 3 -3,164 3,324 6,488

ETU70 3 -2,127 2,835 4,962 ETU70 3 -1,398 1,846 3,244

400

400

400

400


Figure 6 RSRP, 2 Rx, 400 ms measurement period
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Figure 7 RSRQ, 2 Rx, 200 ms measurement period
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Figure 8 RSRQ, 2 Rx, 400 ms measurement period
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