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1
Introduction
In the #68 RAN1 meeting, a working assumption was made on CSI-RS based measurement in support of CoMP set management and a LS is sent to RAN4 to determine the feasibility of CSI-RS based RSRP measurement. 
This contribution addresses the accuracy of measurements from CSI-RS for the purposes of CoMP set management. As a reference, we also compare the CSI-RS based measurement accuracy with the CRS based measurements. 
2
Discussion
There is no measurement quantity or accuracy defined for the CoMP set management measurements. In lack of better definition, we assume that the exisitng RSRP definition can be taken as an example. This seems a reasonable assumption because the functionality of CoMP set management is in many ways similar to the existing RRM functionality. 

In RAN4, the requirements given in Table 1 are specified for RSRP measurements.
Table 1  RRM relative measurement performance requirements
	Parameter 
	Unit 
	Accuracy [dB] 
	Conditions1 

	
	
	Normal condition 
	Extreme condition 
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40 
	Bands 2, 5, 7 
	Band 25 
	Bands 3, 8, 12, 13, 14, 17, 20, 22 
	Bands 9, 41, 42, 43 

	
	
	
	
	Io 
	Io 
	Io 
	Io 
	Io 

	RSRP for Ês/Iot ³ -3 dB 
	dBm 
	±2 
	±3 
	-121dBm/15kHz … -50dBm/ BWChannel 
	-119dBm/15kHz … -50dBm/ BWChannel 
	-117.5dBm/15kHz … -50dBm/ BWChannel 
	-118dBm/15kHz … -50dBm/ BWChannel 
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ³ -6 dB 
	dBm 
	±3 
	±3 
	-121dBm/15kHz … -50dBm/ BWChannel 
	-119dBm/15kHz … -50dBm/ BWChannel 
	-117.5dBm/15kHz … -50dBm/ BWChannel 
	-118dBm/15kHz … -50dBm/ BWChannel 
	-120dBm/15kHz … -50dBm/ BWChannel 

	Note 1:      Io is assumed to have constant EPRE across the bandwidth. 
Note 2:      The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells.to which the requirement applies. 


The typical RSRP evaluation requirement is listed below:

1. UE evaluates RSRP measurement based on a 200 ms measurement period. 

2. The measurement accuracy has to be met with DRX configurations with less than or equal to 40ms DRX period, where UE performs RSRP measurement during the ON time for the DRX. 

3. This requirement needs to be met at all bandwidth. 
In the following section, we present the simulation results comparing CRS and CSI-RS RSRP measurements under these conditions. 

2
Performance Comparison
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. 

Note that it is not assumed that CoMP operation is necessary during DRX periods.  However, it is important that the CoMP set can be quickly established when data arrives after the UE is brought out of DRX. This capability is interfered with if the measurement accuracy doesn’t enable efficient CoMP set maintanance during DRX. 

Please note 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 with the typical RAN4 requirements listed above. 

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. 
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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
Figures 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 (only 6 per measurement) to accurately estimate the power and bias. Furthermore, even if we use known noise variance for the CSI-RS, the CSI-RS measurement results are still significantly worse than CRS. These results are shown in Figure 4.
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Figure 3. CDF of RSRP Measurements with Estimated Noise Variance
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Figure 4  CDF of RSRP Measurements with Known Noise Variance for CSI-RS

Figure 5 shows the performance comparison between CSI-RS based report and CRS based report at – 6 dB SNR for 5 MHz bandwidth. As we can see here, due to the insufficient density in frequency domain, there is large bias for CSI-RS based RSRP measurements due to the inaccuracy of the noise variance estimation. 
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Figure 5  CDF of RSRP Error
Figure 6 shows the CSI-RS based measurement error without DRX, i.e. RSRP is measured on every 5 ms. A comparison between Figure 2 and Figure 5 shows that even if we do measurement for CSI-RS every 5 ms without DRX, the accuracy is not as good as the CRS measurement with DRX of 40 ms periodicity. 
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Figure 6  CDF of Measurement Error without DRX for CSI-RS
Figure 7 shows simulation results where we introduce random interference variation, where the noise variance is randomly chosen between 0 and 2 from subframe to subframe. As the results show, the time domain density of CSI-RS is not sufficient to handle the interference variation in this case. 
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Figure 7  CDF of Measurement Error with Varying Interference 

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. 
· The performance of CSI-RS measurement is significantly worse than CRS even when CRS is measured at 1.4 MHz with a DRX of 40 ms and CSI-RS is measured every 5 ms and 5 MHz.
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 most of these simulations we assume no interference variation. With time varying interference, the performance is significantly worse from CSI-RS.  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.
Based on these results, we recommend the following:

· Use CRS based RSRP for CoMP set management for Scenario 1-3.

· Use SRS for CoMP set management for Scenario 4. 
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