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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]LC-MTC UE RSRP/RSRQ measurement requirements were discussed in previous meetings without the conclusion. For LC-MTC UE, the main concern is the performance degradation caused by 1Rx antenna for LC-MTC UE instead of 2Rx antennas for regular UEs.  In [1,2], it was pointed out and explained briefly that under AWGN channel, the RSRP/RSRQ measurement accuracy with 1Rx antenna should be similar with 2Rx antenna following the RSRP/RSRQ definition provided by TS 36.214. Because of the importance of this conclusion on the RSRP/RSRQ measurement test cases, which are defined under AWGN channels, we give a further theoretical analysis in this paper.
Definition of RSRP/RSRQ measurements
[bookmark: _Toc343371880]Reference Signal Received Power (RSRP) [3]
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.
For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Toc343371882]Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency




Comparison of RSRP/RSRQ measurements with 1Rx antenna and 2Rx antennas
For simplicity, let us assume under AWGN channel, the measured RSRP measurement from i-th receiving antenna is modelled as: 
		(i = 1, 2)
where  is the true RSRP measurement, and  is the measurement error for i-th receiving antenna with the mean  and variance (). 
With receiver diversity, if the reported the RSRP measurement were the averaged value from the received RSRP measurements from two receiving antennas, e.g.,  

In this case, the measurement error of the reported RSRP would be , which still follow the Gaussian distribution with the mean  and variance ()/4 if we assume  and  are independent. It implies that by simple averaging, the covariance of the measurement error of the reported RSRP would be half of the measured RSRP measurement from each of the individual receiving antenna. 
However, by the definition of the RSRP measurement [TS 36.214], the UE should not report the averaged RSRP from the receiving antennas. Instead, it is required that 
“If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches.”
In another word, the reported RSRP should be:

The measurement error of the reported RSRP is then 


As shown above, although the measurement error of the RSRP in each antenna is Gaussian, the measurement error for the reported RSRP does not follow the Gaussian distribution. 
Let  denote an independent two Gaussian random variables with means  and variances (). The, it is known that the pdf of  is , where


where (•) and(•) are, respectively, the probability density functions (pdf) and the cumulative distribution function (cdf) of the standard normal distribution.
For the comparison of 1Rx and 2Rx, let us assume   and variances (). [image: ]
Figure 1: Comparison of the pdf()  and pdf() 
As shown in Figures 1, the pdf() for a normal distributed Gaussian noise () is symmetrical around the mean value, while the pdf() does not follow Gaussian distribution and also biased. 
Observation 1: Even if the measured RSRP/RSRQ from each antenna is unbiased with Gaussian distribution, the reported RSRP/RSRQ measurements with two receiving antennas will be biased and not follow Gaussian distribution as derived from the RSRP/RSRQ definition. 


[image: ]
Figure 2: Comparison of the cdf()  and cdf() 
As shown in Figures 2, with 2Rx, the estimated RSRP may have larger error in positive side (over estimation of RSRP) while smaller error in negative side (under estimation of RSRP), if the estimated RSRPs for each antenna are unbiased.
Observation 2: The reported RSRP/RSRQ measurements may have larger error in positive side (over estimation) while smaller error in negative side (under estimation). 
Summary 
In this paper, we provided a further analysis of the statistical distribution of RSRP measurements from 1Rx antenna and 2Rx antennas.  Based on the analysis, we have the following observations.
Observation 1: Even if the measured RSRP/RSRQ from each antenna is unbiased with Gaussian distribution, the reported RSRP/RSRQ measurements with two receiving antennas will be biased and not follow Gaussian distribution as derived from the RSRP/RSRQ definition. 
Observation 2: The reported RSRP/RSRQ measurements may have larger error in positive side (over estimation) while smaller error in negative side (under estimation). 
Based on above observations, we propose:
Proposal: The RSRP/RSRQ test cases defined for regular UE can be re-used for LC-MTC UE (even if the performance requirements for LC-MTC UE are relaxed in comparison with the regular UE due to the potential performance degradation under fading channels).
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