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1
Introduction
In RAN1#68 the defition of a new measurement based on the CSI-RS was discussed. Since no conclusion whether the achievable accuracy would be good enough could be reached an LS [1] was sent to RAN4 in order to obtain the necessary information to come to a decision. In this cotribution we present some simulation results to asses the achievable measurement accuracy. 
2
Discussion
In the previous RAN1 meeting the definition of a new measurement object based on CSI-RS was discussed. The measurement should resemble the CRS based RSRP and it is to be used by the eNB to manage the CoMP set of the UE. Since RAN1 could not reach a conclusion whether such a measurement would be effective enough an LS was sent to RAN4 to ask about the achievable accuracy[1].

Based on our understanding the new measurement object would be configured by the eNB and reported periodically by the UE. The eNB would use this information to manage the CoMP set of the UE, i.e. for which RRHs/picos the UE has to report CQI and receive data from. In order for this information to be useful to the eNB, it should be readily available and with a relatively low latency. Hence, an on-demand measurement model such as the eNB signaling the UE to perform measurements to obtain the necessary information after a few hundred miliseconds  would not serve the envisioned purpose. 
Considering the above, the UE should be able to perform measurements in DRX also. Due to the limited number of measurement opportunities available in DRX, this is likely to be a limiting factor influencing the achievable accuracy.

2.1. Simulation Assumptions

Simulation is performed for the comparison between CRS based and CSI-RS based RSRP measurements. The simulation assumptions are listed below:

1. CSI-RS periodicity is assumed to be 5 ms. 

2. RSRP measurement is performed assuming a DRX duration of 40 ms and ON duration of 5 ms. 

3. The center 5 MHz or 1.4 MHz are used for RSRP measurements. 

The typical RAN4 DRX configuration is assumed. DRX is an efficient technique for battery saving for LTE devices, especially smartphone and tablet with frequent bursts of traffic. These are also the exact target devices for CoMP applications. 

It should be noted that the CSI-RS periodity is assumed the most frequent, if other configuration is chosen, the accuracy for CSI-RS based RSRP measurement may be worse. Furthermore, the DRX ON time is assumed to be aligned with the CSI-RS periodicity. 

Finally, the center 5 MHz and 1.4 MHz are used for RSRP measurements. This is because RSRP measurement has to be supported for all bandwidth cases. 

2.2. Simulation Results
In order to provide a clear comparison of the accuracy of the two schemes, we focus on the AWGN channel.

Firgure 1 shows the example of the RSRP measurements for 5 MHz bandwidth. As we can see, the CRS-based measurements accurately reflect the –3 dB SNR where the noise value is assumed one. On the other hand, CSI-RS based measurements have a large variance from measurement to measurement. 
[image: image1.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10

4

-7

-6

-5

-4

-3

-2

-1

Report Time in SF Index

Reported RSRP (dB)

RSRP Results at 5 MHz, -3 dB SNR, AWGN 

 

 

CSI Report, m=-3.5852dB

CRS Report, m=-3.0631dB


Figure 1 Time samples of reported values

Figure 2 shows the CDF of the comparison between these two for the 5 MHz, AWGN case. As we can see CSI-RS based RSRP measurements are significantly worse than the CRS based RSRP measurements.
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Figure 2  CDF of reported values
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Figure 3  CDF of reported values 

Figure 3 shows the CDF of the comparison between these two for the 1.4 MHz, AWGN case. The CRS based RSRP measurements remain accurate, but the CSI-RS based RSRP can not meet the RAN4 requirement due to the insufficient frequency tones to accurately estimate the power and bias. 
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Figure 4  CDF of reported values 

Figure 4 shows the CDF of the comparison between the two for the 5MHz, AWGN and -6dB SNR. As can be seen in the figure, the results are much worse than the -3dB case and the report based on CSI-RS cannot meet the accuracy requirements. In this case the bias estimation does not work because there are too few tones that can be used for power bias estimation.
Observations: 

· CSI-RS based RSRP measurements can not meet the current RAN4 requirements. 

· CRS based RSRP measurements significantly outperforms CSI-RS based RSRP in accuracy. 

Analysis: 

· CRS has 2 frequency tones per RB, 4 symbols per subframe, and is present in every subframe

· CSI-RS has only 1 frequency tone per RB, 1 symbol per subframe, the most frequent periodicity is 5 ms

· The density of CSI-RS both in frequency and time is not sufficient to make it a good candidate for RSRP measurements

· We only focused on the AWGN case where we can clearly see the difference between the two alternatives. For multipath channel, it is further questionable whether CSI-RS has sufficient sampling rate. 

· Furthermore, in these simulations we assume no interference. With frequency selective interference, due to the sparse CSI-RS tone locations, the inaccurate noise and interference estimation will further degrade the CSI-RS based RSRP measurement accuracy. 
3 
Conclusions

In this contribution, presented link level simulation results comparing the performance of CSI-RS based RSRP measurement and CRS based RSRP measurements with the typical RAN4 RSRP evaluation framework. 

The results show that CSI-RS based RSRP measurements are significantly more noisy than the CRS based RSRP measurements, in fact, CSI-RS RSRP would fail the current RAN4 requirements even in AWGN channel without interference variations.
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