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1 Introduction

In RAN1#68 and RAN1#68bis, CSI-RS based received signal quality measurement and reporting has been discussed. In an LS to RAN4, RAN1 asked RAN4 about the feasible timing and measurement accuracy for CSI-RS based received signal quality measurement [1]. In RAN4#62Bis, assumptions for link simulations to investigate the accuracy of CSI-RS based signal measurements were approved [2]. 
In this contribution we provide link simulation results on the feasibility of CSI-RS RSRP measurement.  

2 Link simulation assumptions and Modelling
2.1 Measurement period
As purpose of CSI-RS based RSRP reporting is used for CoMP measurement set management, CRS based measurement period could be further extended. Also, for the purpose of feasibility study, both non-DRX and DRX cases are assumed to be studied. 
· Measurement period for non-DRX case: {200, 400, 600, 800} ms (600ms is optional)
· Measurement period for DRX case: 5*DRX cycle length 
· The performances shall be evaluated for DRX cycle length of 40ms (Baseline);
· Optional Cases: 320, 640ms; 
2.2 SNR levels
The SNR side condition for performance feasibility study should be defined based on system simulation results. In order to progress the link simulation in parallel with system simulation, based on initial simulation system simulation results, the following SNR level are assumed

· SNR: {-10,-6,-3,0,3,6} dB

2.3 Timing Error
As indicated in LS, UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell. Considering both transmission timing mismatch and propagation delay differences between measured TP and serving cell, the overall receiving timing mismatch is suggested to be assumed in link simulation, as 
· 
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2.4 Link simulation assumptions for CSI-RS RSRP
The evaluation of CSI-RS RSRP performance is based on the simulation assumptions previously used for deriving the RSRP accuracy requirements. The assumptions are listed in table 1. 
Table 1: Simulation parameters for CSI-RS RSRP measurement performance feasibility study 
	Parameters
	Value
	Comments

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

	Measurement Bandwidth 
	{6 RBs,25 RBs, 50RBs}
	25RBs case is optional

	Number of Tx Antennas 
	{1,2} 
	

	Number of Rx Antennas 
	2 
	2 

	Antenna Correlation 
	Low 
	Low 

	CSI reference signals 
	Antenna port  {15} 
	Optional to use {15,16}

	CSI-RS reference signal configuration 
	[2] 
	

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS 
	[5/3] , [10/3], [80/78]
	[80/78] is optional

	Measurement Period for non-DRX case
	{200ms, 400ms, 600ms,800ms} 
	600 ms optional

	Number of Samples per Measurement Period 
	One sample per 40ms
	The same sampling is used for all the measurement periods

	L3 filtering 
	Disable 
	

	DRX 
	Off
	

	DRX 
	On
	

	DRX cycle length
	40ms, 320ms, 640ms
	320, 640ms are optional

	Propagation Condition
	AWGN, ETU70, EPA5
	

	CP Length
	Normal
	

	Timing Error
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In the table yellow highlight indicates the parameters which have been used in the simulations. Note that the table provides also details on the number of samples used per measurement period as requested in previous meetings.
2.5 Performance metrics
The CDF curves are to be provided for:
· Delta CSI-RSRP   = (estimated CSI-RSRP – ideal CSI-RSRP) 
[dB]  
2.6 RSRP measurement
The calculation of the “estimated CSI-RSRP” and that of the “ideal CSI-RSRP” are slightly different since in the latter case, noise suppression is not necessarily needed.
3 Simulation results

The results are shown in terms of estimated RSRP distribution compared with ideal RSRP. The ideal RSRP is the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSRP. 

The results without any implementation margin are expressed in CDF form at different SNR values ranging between +3 dB to -6 dB. The results for AWGN, EPA and ETU are shown in figures 1, 2 and 3 respectively.
Figure 1 shows CDF of delta RSRP based on CSI-RS for AWGN channel with different measurement bandwidths and measurement periods. As can be seen in the figure, the RSRP based on CSI-RS, satisfies the RAN4 absolute RSRP requirements as in [3] by a good margin. 
Figure 2 shows CDF of delta RSRP based on CSI-RS for EPA5 channel with different measurement bandwidths and measurement periods. As the figure shows, CSI-RSRP RSRP for this channel model achieves an accuracy level which is within the existing requirements for RSRP based on CRS [3]

 with good margin.

Figure 3 shows CDF of delta RSRP based on CSI-RS for ETU70 channel with different measurement bandwidths and measurement periods. As the figure shows, also in case of ETU70 channel the RSRP based on CSI-RS achieves an accuracy level which is within the existing requirements for RSRP based on CRS [3]

 with good margin.

The results shown here are for 1TX antennas, but further simulations indicate that the number of TX antennas has a minor effect of the accuracy of RSRP measurement. 

For SNR values lower than what is considered in the simulations here, the accuracy is not relevant, since the CSI-RS report is not reliable anyway.
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Figure 1 CDF of RSRP based on CSI-RS for AWGN channel, with different measurement bandwidths and measurement periods
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Figure 2 CDF of RSRP based on CSI-RS for EPA5 channel, with different measurement bandwidths and measurement periods
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Figure 3 CDF of RSRP based on CSI-RS for ETU70 channel, with different measurement bandwidths and measurement periods
4 Conclusions
In this contribution, link level results on the feasibility of CSI-RS RSRP measurement were presented. The results show that with an SNR value down to -6 dB, the delta RSRP based on CSI-RS for all propagation conditions typically used in RAN4 for RRM requirements (i.e. AWGN, ETU70 and EPA5) seem to be within the existing requirements defined for CRS based RSRP measurement. 
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