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1. Introduction

CSI-RS signal quality measurements were agreed as a working assumption in RAN1 and LS was received asking RAN4 to perform feasibility analysis for such measurements [1]. During RAN4#62bis meeting link level simulation assumption for evaluations of CSI-RS based RSRP measurements were developed with the aim to conduct performance analysis before RAN4#63 meeting [2]. During RAN4#63 the initial results were presented, however some discrepancy in the conclusions were observed. In spite of this it has been found by vast majority of the companies that at least receive timing error and high SINR region are of less concern. Therefore this paper focuses on CSI-RS based RSRP measurements accuracy analysis with respect to the remaining aspects such as small measurement bandwidth, different number of CSI-RS antenna ports and low SINR region.
2. RSRP estimator
The accuracy of RSRP measurements may depend on type of estimator used in simulations. Therefore it is preferable to provide information on RSRP estimation scheme used in each company evaluations. In this paper the performance results are presented for the following RSRP estimation scheme:
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 is least square channel estimate on subcarrier 
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 number of subcarriers between two adjacent in frequency RS tones, 
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 is number of RS samples available within measurement bandwidth. For multiple antenna ports the RSRP estimation can be obtained by either non coherent or coherent averaging over CSI-RS antenna ports.
3. Simulation assumptions

For performance analysis we consider system with 10MHz bandwidth operating at SNR = {-6dB, -3dB}. For evaluation 200ms and 400ms measurement periods are considered, which in conjunction with DRX (‘On duration’ = 5ms and ‘DRX cycle’ = 40ms) provides 5 and 10 time-domain measurement samples. The RSRP measurements are considered within 6 PRBs bandwidth. When multiple CSI-RS antenna ports are configured the transmit power per antenna port is reduced by 3dB to account for CDM structure of CSI-RS. By default one antenna port CSI-RS is used in evaluation. However if measurements are carried out over multiple antenna ports, the coherent CSI-RSRP averaging is employed at the receiver. The CSI-RS based RSRP measurement accuracy was tested in three channel models – AWGN, EPA5 and ETU70. The remaining parameters are summarized in the Appendix.
4. Summary of performance results
In this section the performance results are provided for CSI-RSRP measurements for one antenna port CSI-RS. The results are presented in Figure 1, 2 and summarized in the Table 1, 2.
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Figure 1: CSI-RSRP measurement accuracy for 200 and 400ms measurement periods
Table 1: CSI-RSRP measurement accuracy ((RSRP, dB) for 200ms measurement period

	
	SNR = -6dB
	SNR = -3dB

	CDF
	AWGN
	EPA5
	ETU70
	AWGN
	EPA5
	ETU70

	5%
	-0.4
	-0.8
	-0.9
	-1.1
	-2
	-2

	50%
	1.2
	1.5
	1.1
	0.3
	0.6
	0

	95%
	2.6
	3.6
	2.9
	1.5
	2.5
	1.8


Table 2: CSI-RSRP measurement accuracy ((RSRP, dB) for 400ms measurement period

	
	SNR = -6dB
	SNR = -3dB

	CDF
	AWGN
	EPA
	ETU
	AWGN
	EPA
	ETU

	5%
	0.1
	-0.3
	-0.2
	-0.6
	-1.4
	-1.3

	50%
	1.2
	1.5
	1.1
	0.3
	0.5
	0

	95%
	2.2
	3.1
	2.4
	1.2
	2.3
	1.4


It can be seen that CSI-RSRP accuracy is worse for EPA5 fading channel model, which has smaller frequency and time selectivity. In such channel models the fast fading averaging within limited measurement period and bandwidth is typically problematic than for other channel models (such as ETU70) with higher delay and Doppler spreads.
5. Impact from number of antenna ports

As discussed in [3] the measurement accuracy is sensitive to the number of CSI-RS antenna ports configured for CSI-RSRP measurements. The impact is explained by the fact that the transmit power is typically split between two CSI-RS antenna ports due to CDM structure of CSI-RS. In this case the 3dB SNR loss is expected, when configuration of more than one antenna port is considered. However if coherent CSI-RSRP averaging over multiple antenna ports is used the 3dB SNR loss can be partially compensated by in-phase integration of the received power from different antenna ports. This is illustrated in Figure 3, where CSI-RSRP measurement results are presented for different antenna port configurations.
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Figure 2: CSI-RSRP measurement accuracy for different antenna port configurations
It can be also seen that making optional measurement on the second CSI-RS antenna port (R16) when two CSI-RS antenna ports is configured may significantly deteriorate the CSI-RSRP measurement accuracy. Therefore optional use of the second CSI-RS antenna port (R16) should be avoided unless CSI-RSRP measurement accuracy with single CSI-RS antenna port is proven to be sufficient for all CSI-RS configurations. Given that CSI-RSRP targets non mobility scenarios it would be also necessary to request clarifications from RAN1 about expected CSI-RSRP measurement accuracy requirements for CoMP. 

6. Impact of the measurement bandwidth

The analysis provided above assumes that CSI-RSRP measurements are performed within 6 central PRBs. The assumption comes from the minimal measurement bandwidth defined for CRS-RSRP. However due to lower density of CSI-RS (comparing to CRS) the processing complexity for CSI-RSRP measurements can be increased by considering additional PRBs for averaging. The wider measurement bandwidth helps to reduce the impact of noise and fast fading via coherent processing in frequency domain of the additional CSI-RS samples, while keeping CSI-RSRP processing complexity on the same order to CRS-RSRP. To demonstrate the impact of the measurement bandwidth on the accuracy of CSI-RSRP measurement the simulation results for EPA channel model is presented in Figure 3. 
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Figure 3: CSI-RSRP measurement accuracy for different measurement bandwidth
It can be seen from Figure 3 that substantial performance improvement can be achieved by processing CSI-RS over entire system bandwidth.
7. Summary and conclusions

In this contribution we have provided link level simulation results for CSI-RS based RSRP measurements in AWGN, EPA and ETU channel model. The simulation results were summarized in the contribution. It was noted that the accuracy can be further improved (by around 1.5dB at SNR = -6dB) by considering wider measurement bandwidth. It was also observed that making optional measurement on the second CSI-RS antenna port (R16) when two CSI-RS antenna ports is configured may significantly deteriorate the RSRP measurement accuracy. It was therefore recommended to avoid optional use of the second CSI-RS antenna port (R16) unless RSRP measurement accuracy with single CSI-RS antenna port is proven to be sufficient for all CSI-RS configurations. Given that CSI-RSRP targets non mobility scenarios it was also recommended to request clarifications from RAN1 about expected CSI-RSRP measurement accuracy requirements for CoMP.
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Appendix

	Parameters
	Value

	SNR 
	{-6,-3} dB 

	Measurement Bandwidth 
	6 {PRBs}

	Number of Tx Antennas 
	{2} 

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	CSI reference signals 
	Antenna port {15} 

	CSI-RS reference signal configuration 
	[2] 

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS 
	 [10/3]

	Measurement Period for non-DRX case
	{200ms, 400ms} 

	Number of Samples per Measurement Period 
	5, 10

	L3 filtering 
	Disable 

	DRX 
	On

	Propagation Condition
	AWGN, EPA5, ETU70

	CP Length
	Normal

	Timing Error
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