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1. Introduction
Simulation results have been provided and discussions on relaxation of cell measurement requirements for low complexity UEs (UE category 0 with 1 Rx) have been ongoing for last few meetings. This has resulted in a way forward document at meeting RAN4#71AH wherein it was agreed by several companies to relax the RSRP and RSRQ requirements by 1 dB, see [4]. The agreement in this WF document was based on simulation results comparing legacy setup to the case in which the measurement period was doubled and sampling rate was reduced to its half. In this WF document it was also agreed that the companies are to study the measurement accuracy with a different setup comprising only extending the measurement period but keeping the sampling rate before finalazing on the relaxation requirements. This paper presents simulation results assuming such a setup and analysing the results for both FDD and TDD under various propagation channels. 
2. Methodology and simulation assumptions
The methodology described in [3] is used in this paper to study the accuracy. The simulations are studied with respect to following setups that assume different measurement period and sampling rate. 
Setup A: measurement period 400 ms, sampling rate 1 sample/40 ms

Setup B: measurement period 400 ms, sampling rate 1 sample/80 ms

Setup C: measurement period 200 ms, sampling rate 1 sample/40 ms
2.1 Existing requirements

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
In section 3 the RSRP and RSRQ simulation results are presented for both 1 Rx and 2 Rx assuming measurement period of 400 ms and sampling rate of 1 sample/40 ms, i.e. setup A. In section 4, the simulation results are compared to simulation results from [2] which assume different sampling rates and measurement periods. It is noted that only RRC_CONNECTED state and intra-frequency measurements are considered in this paper.
3. Simulation results
The relative RSRP/RSRQ simulation results for AWGN, EPA5 and ETU60 are shown in Table 1, 3 for FDD and Table 2, 4 for TDD. 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 also provided. 
3.1 Simulation results for RSRP
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AWGN -3 -0,4898 0,6747 1,1645 0,22415 AWGN -3 -0,0773 0,6389 0,7162

AWGN 0 -0,2734 0,3988 0,6722 0,119995 AWGN 0 -0,04111 0,3911 0,43221

AWGN 3 -0,1597 0,2664 0,4261 0,073935 AWGN 3 -0,02013 0,2581 0,27823

400EPA5 -6 -1,72 5,253 6,973 0,783 400EPA5 -6 -1,313 4,094 5,407

EPA5 -3 -2,738 5,063 7,801 0,645 EPA5 -3 -2,5 4,011 6,511

EPA5 0 -3,686 5,089 8,775 0,9645 EPA5 0 -2,918 3,928 6,846
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ETU70 0 -3,097 3,67 6,767 0,8845 ETU70 0 -1,989 3,009 4,998

ETU70 3 -3,375 3,769 7,144 0,9395 ETU70 3 -2,206 3,059 5,265


Table 1 RSRP with 400 ms measurement period, FDD
Observation #1: RSRP performance is degraded by ~1 dB for fading channels when going from 2 Rx to 1 Rx in FDD.
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Table 2 RSRP with 400 ms measurement period, TDD
Observation #2: RSRP performance is degraded by less than 1 dB in fading channels in most cases when going from 2 Rx to 1 Rx in TDD.
3.2 Simulation results for RSRQ
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Table 3 RSRQ with 400 ms measurement period, FDD
Observation #3: RSRQ performance is degraded by less than 1.0 dB in fading channels in most cases when going from 2 Rx to 1 Rx FDD.
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Table 4 RSRQ with 400 ms measurement period, TDD
Observation #4: RSRQ performance is degraded by less than 1.0 dB in fading channels in most cases when going from 2 Rx to 1 Rx TDD.
4 Analysis of Results
One overall conclusion based on Tables 1-4 is that both RSRP and RSRQ accuracy performance is degraded when reducing number of receive antennas from 2 to 1 for both FDD and TDD systems. However, the purpose of this paper is to study performance of setup A with respect to performance of setup B and C which were studied in [2]. Degradation in both RSRP and RSRQ is very small for the AWGN propagation channel. However, in more realistic scenarios with fading propagation channels like EPA5 and ETU70 an increase in degradation is observed. 
4.1 RSRP

The RSRP accuracy has been simulated for different setups. Simulation results for setup A was presented in section 3 and [2] presented the results assuming setup B and C. It was concluded in [2] that reducing number of receive antennas from 2 to 1 leads to RSRP performance degradation of ~1 dB in most cases for both EPA5 and ETU70 for both FDD and TDD. Since EPA5 and ETU70 correspond to realistic scenarios which include the fading, the simulation results of these fading channels should be considered when defining the new requirements low complexity UEs. 
In section 3 it was observed that by only extending the measurement period and doubling the sampling rate (setup A) does not improve the accuracy very much compared to setup B. Setup A leads to a performance degradation in the same order as setup B which is ~1 dB. This was expected to some extent because the only difference between setup A and setup B is that in setup A the sampling rate is doubled which means that the obtained measurments in setup B already gives fairly accurate results and increasing the sampling rate does not bring any further improvements. If the measurement period is also changed, then there could be a difference. This is the case between RSRP results in section 3.1 of this paper and RSRP results in table 2.1 in [2] where the only difference is the measurement period. Also this comparison shows the performance degradation is inevitable, no matter the measurement period and sampling rate and therefore there is a need for relaxation RSRP accuracy requirements. 
· Proposal # 1: The existing relative RSRP accuracy requirement is relaxed with 1.0 dB for low complexity UEs in FDD and TDD.

As discussed and motivated in [2], relaxing the relative RSRP accuracy requirement may also require relaxation of the absolute RSRP requirement with the same factor. Therefore, 

· Proposal # 2: The existing absolute RSRP accuracy requirement is relaxed with 1.0 dB for low complexity UEs in FD-FDD and TDD systems. 
3.2 RSRQ
Table 3 and 4 in section 3.2 show the RSRQ simulation results assuming setup A for FDD and TDD systems. These results show that RSRQ performance gets degraded as number of receive antennas is reduced from 2 to 1, and the degradation is in the same order (~1 dB) as results presented in [2] assuming setup B. It is also noted that the overall trend of results are similar for FDD and TDD. The presented results in Table 3 and 4 can further be compared to results in Table 7 in [2] that assume setup C, and from this it can be concluded that only extending the measurement period does not improve much. The impact of reducing the antenna is significant that only extending the measurement period as done in this paper, or different combinations of sampling rate or measurement period cannot be avoided as studied in this paper and [2]. Similar to RSRP, RSRQ performance degradation is observed in all setups, and this shows the need to relax also the RSRQ requirements with 1 dB. 
· Proposal # 3: The absolute RSRQ accuracy requirement is relaxed with 1.0 dB for low complexity MTC UEs in FD-FDD and TDD systems.  

5 Summary

In this paper we have presented RSRP/RSRQ accuracy simulation results assuming measurement period of 400 ms and sampling rate of 1 sample/40 ms and analysed the results in comparison to previously presented results in [2] that assume different sampling rate and measurement period. We have in this paper showed that RSRP/RSRQ accuracy performance degradation is a fact when reducing number of receive antennas, and there is a need to compensenate for this by relaxing the existing requirements by 1 dB in for low complexity UEs. Moreoever, we have in this paper compared the results of different combination of sampling rate and measurement period and have reached the conclusions that there is performance degradation and there is a need for relaxation no matter what sampling rate or measurement period is used. Based on presented results and analysis, we propose the following:
· Proposal # 1: The existing relative RSRP accuracy requirement is relaxed with 1.0 dB for low complexity UEs in FD-FDD and TDD systems.

· Proposal # 2: The existing absolute RSRP accuracy requirement is relaxed with 1.0 dB for low complexity UEs in FD-FDD and TDD systems. 

· Proposal # 3: The absolute RSRQ accuracy requirement is relaxed with 1.0 dB for low complexity MTC UEs in FD-FDD and TDD systems.  
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