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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]. As the number of evaluation cases in [2] is rather big, this paper focuses on sensitivity analysis of CSI-RS based RSRP measurements accuracy from different simulation parameters.
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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K

 is number of RS samples available within measurement bandwidth and periods.
3. Link level simulation results

First CSI-RS based RSRP measurements were compared against CRS based RSRP estimation scheme for 10MHz system bandwidth in  AWGN channel  for SNR values of {-10,-6,-3,0,3} dB. The results are provided in Figure 1a and 1b for CSI-RS based and CRS based measurement schemes respectively. 
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(a) CSI-RS



(b) CRS
Figure 1. Link level performance analysis of RSRP measurements in AWGN 

It can be seen that for the same SNR value CRS shows better performance than CSI-RS based estimation scheme. However the performance difference is not significant, unless low SNR (below -6dB) are considered. In particular, for SNR value of -10dB and 90% of CDF curve a 2.5 dB difference is observed. However it should be further discussed whether CRS based measurements developed for mobility management should be used as a performance reference.
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Figure 2. Link level performance analysis of CSI-RS based RSRP measurements for different system bandwidth  

Figure 2 shows performance analysis of CSI-RS based RSRP measurements for {1.08,5,10} MHz system bandwidths.  It can be seen that CSI-RS based RSPR measurements are highly sensitive to the system bandwidth as the number of available RS samples may change dramatically. In particular notable measurement inaccuracies are observed for 6PRBs bandwidth and SNR of -6dB and below. 
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Figure 3. Link level performance analysis of CSI-RS based RSRP measurements for different system bandwidth

Figure 3 shows performance analysis of CSI-RS based RSRP measurements for {0,-3,3} µsec RX timing errors. The timing error was modeled in time domain by fixed FFT window offset with respect to OFDM symbol boundary. It can be seen from Figure 3 that RSRP estimator (1) is robust to the RX timing errors. Some (not significant) performance loss is only observed for SNR of 10dB and RX timing error of 3µsec due to ISI and ICI interference. 
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Figure 4. Link level performance analysis of RSRP measurements in EPA5Hz fast fading channel 

As a typical CoMP system operation scenario is frequency selective channel with slow fading the performance analysis of RSRP estimation was also carried out in EPA channel model with 5Hz Doppler spread. Similar to observations for AWGN channel the performance of CRS based measurements are better than CSI-RS. However the performance difference is not significant unless low SNR (below -6dB) are considered. In particular, for SNR value of -10dB and 90% of CDF curve a 3.5 dB difference is observed. Similarly to the comment above it should be further discussed whether CRS based measurements developed for mobility management should be used as a performance reference in CoMP.
Finally CSI-RS based RSRP measurements were compared for measurement periods of 200ms and 400ms (see Figure 5). For all simulation cases it is assumed that coherent RSRP measurements are performed within one CSI-RS transmission every 40ms, which gives in total 5 and 10 RSRP samples for non coherent averaging for 200ms and 400ms cases respectively.  It can be seen that 400ms measurement period comparing to 200ms reduces the variance of RSRP estimation, due to better averaging of the fast fading in time domain. However the gain is not significant as RSRP measurement and system bandwidths for CSI-RS are the same.
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Figure 5. Link level performance analysis of CSI-RS based RSRP measurements for different measurement period bandwidth and non coherent RSRP averaging in time
As the number RSRP estimation in simulations above are taken every 40 ms, the observations above should remain true for DRX case as well. However as CSI-RS are not transmitted every subframe, some combinations of CSI-RS-SubframeConfig and onDurationTimer, longDRX-CycleStartOffset parameters may provide no CSI-RS measurements samples within ‘On duration’ time slot and therefore should be avoided in practice. To provide at least one CSI-RS RRM measurements sample onDurationTimer should be set not less than CSI-RS periodicity.
4. Summary and conclusions

In this contribution we have provided link level simulation results for CSI-RS based RSRP measurements. It has been observed that the CSI-RS based RSRP measurements accuracy is comparable to CRS (within maximum of 1.5dB difference) unless 6PRBs bandwidth and low SNR below -6dB. The observation above remains true for the scenario with RX timing error. In order to make final conclusion on feasibility of such measurements it is necessary to determine typical SINR values on CSI-RS of CoMP resource management set and the reference for comparison as CRS based measurements accuracy were developed for mobility management which may have more stringent requirement comparing to CoMP. 
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Appendix

	Parameters
	Value

	SNR 
	{-10,-6,-3,0,3,6} dB 

	Measurement Bandwidth 
	{6 RBs,25 RBs, 50RBs}

	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 
	Off

	Propagation Condition
	AWGN, EPA5

	CP Length
	Normal

	Timing Error
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