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1 Introduction

In RAN4#62bis meeting, CSI-RS based received signal quality measurement and reporting was discussed in light of the request from RAN1 [1].  In [2], simulation assumptions are given; since there are a large number of possible parameters and parameter combination we have studied a subset, in order to try to make an initial analysis of the feasible RSRP accuracy based on CSI-RS measurements, noting that the request at this time does not relate to specifying any requirements.
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, } ms 
2.2 SINR 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} 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

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

	Measurement Bandwidth
	{6 RBs}

	Number of Tx Antennas
	{1,2}

	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
	[5/3]

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

	Number of Samples per Measurement Period
	-

	L3 filtering
	Disable

	DRX
	Off

	
	

	
	

	Propagation Condition
	AWGN, ETU70, EPA5

	CP Length
	Normal

	Timing Error
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According to the simulation assumptions, companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results. For the results in this contribution, the sample rate is 40ms, ie there are 5 samples within 200ms measurement period, and 10 samples within 400ms measurement period.

Since the RAN4 simulation assumptions give a very large number of parameters, we found it necessary to restrict the simulations to sisets of all possible parameters. The following approach was used to limit the combinations of parameters considered
· +3 and +6dB SNR cases were not evaluated, since the accuracy is anyway expected to be good at positive SNR

· Only 6RB measurement bandwidth was considered, since minimum requirements for CRS-RSRP are defined by RAN4 using 6 RB, and it would give a worst case evaluation of CSI-RSRP as far as bandwidth is concerned.

· Different CSI-RS periodicity and subframe offset was not considered. Given the measurement sampling rate of 40ms, bot [5/3] and [10/3] periodicity could be expected to give a similar accuracy and [80/78] CSI pattern simulations were optional.

· Two measurement periods were considered, 200ms and 400ms. Since the effect of increasing the filtering window can be expected to provide diminishing returns, 400ms measurement period may already give an indication of what can be achieved with longer measurement period

· DRX cases were not studied, with the expectation that if there are an identical number of non-coherent samples in the measurement period, the accuracy should be very similar between the cases. DRX cases were not simulated at link level by RAN4 when defining CRS-RSRP accuracy requirements.

Even with these simplifications, there are many possible cases ie (4 SNR) * (3 propagation conditions) * (2 measurement periods) * (2 different TX antenna configs) * (2 timing errors) = 96 CDFs overall to evaluate, and present results for.
To reduce the number of cases further, the work was divided into a number of separate studies according to the following methodology. For every case, we sweep propagation conditions and SNR through possible values 
· When looking at different measurement periods, we fixed number of TX antennas =1 and timing error =0

· When looking at different number of TX antennas, we fixed measurement period = 200ms, and timing error =0

· When looking at different timing error, we fix measurement period = 200ms and number of TX antennas=1
2.5 Performance Metrics
The CDF curves are provided for:
· Delta CSI-RSRP   = (estimated CSI-RSRP – ideal CSI-RSRP) 
[dB]  
In order to facilitate comparison to a baseline, results are also provided for CRS-RSRP, ie 

· Delta CRS-RSRP   = (estimated CRS-RSRP – ideal CRS-RSRP) 
[dB]  
3 Results


In this section, we provide results for the 3 studies considered

· Study 1: Impact of number of TX antenna ports

· Study 2: Impact of measurement period

· Study 3: Impact of timing error
For each accuracy study, there are in total 12 CDFs, showing the link level performance with different SNR and propagation conditions.
Study 1: Impact of number of TX antenna ports
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Figure 1a : Impact of TX antenna configuration, AWGN
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Figure 1b : Impact of TX antenna configuration, EPA5
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Figure 1c : Impact of TX antenna configuration, ETU70
Study 2: Impact of measurement period
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Figure 2a: Impact of Measurement Period, AWGN
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Figure 2b : Impact of Measurement Period, EPA5
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Figure 2c : Impact of Measurement Period, ETU70
Study 3: Impact of timing error
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Figure 3a: Impact of timing error, AWGN
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Figure 3b : Impact of timing error, EPA5
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Figure 3c : Impact of delay on estimation, ETU70

4 Analysis

In all cases, we note that CSI-RSRP is typically less accurate than CRS-RSRP, especially at low SNR. It is probably quite reasonable not to consider the results for SINR=-10dB in the feasibility study, since even CRS-RSRP accuracy is not specified by RAN4 at such low SNR, and for COMP measurement set it may not be important to determine that such a weak cell is added to the COMP measurement set – its CQI would anyway be very low.
It can be seen from the results that in low SINR (SINR ≤ -6dB) the single antenna port pattern gives the best measurement accuracy. This is due to the higher per-port transmission power with a single-port CSI-RS pattern. Multi-port patterns allow averaging the measurement output over multiple ports, but in very low SINR, the per-port estimates have a considerable amount of noise and the averaging cannot compensate for the loss of accuracy. With higher operating SINR (SINR ≥ -3dB) the multi-port CSI-RS patterns enable similar or better accuracy, compared to the single-port CSI-RS pattern
We now tabulate 90 percentile from the CDFs and compare CSI-RS RSRP accuracy to CRS RSRP accuracy at SINR=-6dB and EPA5 to summarise a subset of the results. 
	Scenario (TX config, meas period, timing error)
	CSI-RS RSRP accuracy 90%, (dB)
	CRS-RSRP accuracy (90%), dB
	Delta (dB)

	1TX, 200ms, 0us timing error
	3.5
	2.5
	1.0

	2TX, 200ms, 0us timing error
	3.8
	1.0
	2.8

	1TX, 400ms, 0us timing error
	1.4
	2.0
	0.4

	1TX, 200ms, 3us timing error
	3.5
	2.5
	1.0


From the table we see that in comparable measurement conditions, CSI RSRP may be about 1dB less accurate (at 90% point) than CRS-RSRP except for the 2TX configuration, which as mentioned is less accurate at low SNR due to the per port SNR degradation.
Considering figures 2a-2c, an improvement in accuracy can be obtained by extending the measurement period to 400ms and the accuracy of CRS-RS RSRP with 400ms measurement period is comparable to the accuracy of CRS RSRP with 200ms measurement period (ie accuracy of measurements used for mobility purposes) except in AWGN where a minor degradation is still observed. The RSRP correlation algorithm which is used for the measurements is insensitive to timing error, so there is not a big impact from different timing errors, as seen in figures 3a-3c.

Since RAN4 is  performing system level studies in parallel with the link level campaign, it might be necessary to await the system level outcomes before making a definitive conclusion from the results, however the main findings are

· CSI-RS RSRP could offer a reasonable accuracy as seen at link level, especially if 400ms measurement period is allowed, eg with around 0.5dB to 1.0dB degradation compared to CRS RSRP, at SINR of-6dB.

· It is feasible to perform CSI-RS RSRP estimation which is relatively insensitive to timing errors

· Multiple TX antenna configurations are somewhat more challenging for CSI-RSRP estimation at very low SNR due to the noise on the per-port estimates. At SINR>=-3dB, the multi-port CSI-RS patterns enable similar or better accuracy, compared to the single-port CSI-RS pattern
It is anticipated that these results could be considered in drafting the RAN4 response to [1]
5 Conclusions
In this contribution we provide link level results for CSI-RS RSRP measurement accuracy, and perform a comparison to baseline CRS RSRP measurement accuracy. The tentative conclusions (pending conclusion on the system level studies in RAN4) are :

· CSI-RS RSRP could offer a reasonable accuracy as seen at link level, especially if 400ms measurement period is allowed, eg with around 0.5dB to 1.0dB degradation compared to CRS RSRP, at SINR of-6dB.

· It is feasible to perform CSI-RS RSRP estimation which is relatively insensitive to timing errors

· Multiple TX antenna configurations are somewhat more challenging for CSI-RSRP estimation at very low SINR due to the noise on the per-port estimates. At SINR>=-3dB, the multi-port CSI-RS patterns enable similar or better accuracy, compared to the single-port CSI-RS pattern
It is anticipated that these results could be considered in drafting the RAN4 response to [1]
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