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1. Introduction
In last RAN1 #69 meeting, it was agreed that RSRQ measurement using CSI-RS will not be introduced in Rel-11. Other aspects such as maximum size of CoMP resource management set, antenna ports and bandwidth for CSI-RSRP measurement, and detailed definition of CSI-RSRP measurement were subjected to email discussions [1]. According to the conclusion of the email discussion [2], RAN4 will define the measurement bandwidth of CSI-RSRP, but the problem of antenna ports used for RSRP measurement is still open. Three alternatives are being considered by RAN1. 
· Alt1: R16 recommended (“should”) and R17~22 optional (“may”)
· Alt2: R16 recommended (“should”)
· Alt3: R16 FFS between “shall” and “may”
In this contribution, we share our views about the impact of antenna ports and measurement bandwidth on CSI-RSRP accuracy based on link level simulation results.
2. Link Level Simulation Assumption and Modeling
In RAN4 #62bis meeting, link level simulation assumptions for CSI-RS RSRP measurement feasibility study were agreed [3]. In this contribution, we present RSRP measurement results under AWGN channel for different measurement bandwidth, antenna ports and SNR values. Some simulation parameters are listed in Table 1.
Table 1. Link level simulation assumptions
	Parameters
	Value

	System Bandwidth
	10MHz

	Number of Antennas (Tx, Rx)
	(4,2)

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

	Measurement Bandwidth
	{6RBs, 50RBs}

	CSI-RS port
	{15, 16}

	CSI-RS configuration
	Configuration 0

	CSI-RS periodicity and subframe offset

TCSI-RS / ICSI-RS
	[5/0]

	Timing error
	0μs


The RSRP is measured for the DRX case, in which a DRX cycle length of 40ms has an ON duration of 5ms as depicted in Figure 1. UE performs RSRP measurement during the ON duration of a DRX cycle and the measurement period is 200ms with sampling rate 40ms. Therefore during a 200ms measurement period, 5 measurements can be performed. 
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Figure 1. DRX Cycle 

3. Simulation Results

3.1. CDF of measurement accuracy under different measurement bandwidth
We evaluate the performance of the RSRP measurement by measurement error (estimated CSI-RSRP – real CSI-RSRP) [dB]. Figure 2 and Figure 3 show the CSI-RSRP error distribution under various SNR values with measurement bandwidth of 6RB and 50RB separately. It can be seen CSI-RSRP measurement error increases with decreasing SNR, and with 6RB measurement bandwidth, the CSI-RSRP tends to be overestimated at very low SNR.
(1) Case1: 6RB measurement bandwidth
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Figure 2. CDF of RSRP Error under 6RB Measurement Bandwidth

(2) Case2: 50RB measurement bandwidth
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Figure 3. CDF of RSRP Error under 50RB Measurement Bandwidth
3.2. RSRP measurement accuracy under different measurement bandwidth
Figure 4 shows the statistical average of the absolute value of RSRP measurement error under different SNRs. The absolute value of RSRP measurement error is given as |estimated RSRP – real RSRP|. When we choose a tolerance of the measurement error as 0.5dB, using Port 15-16 outperforms using Port 15 only by as much as 3dB in SNR. Moreover, when using Port 15-16, performance with 50RB measurement bandwidth outperforms that with 6RB bandwidth by up to 7 dB in SNR.
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Figure 4. The Average Value of Absolute RSRP Error v.s. SNR
3.3. Probability of RSRP measurement error between [-0.5, 0.5] dB

In subsection 3.3, we tabulate the measurement error in two metrics. The first metric is the statistical average of the absolute value of RSRP measurement error. The second metric is the probability that the absolute RSRP error is below 0.5 dB.  These results are shown in Table2.
Table 2. Measurement Error in Two Metrics
	Measured Bandwidth
	Measured Port
	SNR (dB)
	Mean absolute error (dB)
	Probability

(error ≤ 0.5dB)

	6RBs
	15
	-10
	2.09
	0.045

	
	
	-6
	1.01
	0.295

	
	
	-3
	0.76
	0.375

	
	
	0
	0.61
	0.46

	
	
	3
	0.35
	0.745

	
	
	6
	0.26
	0.885

	
	15&16
	-10
	2.18
	0.01

	
	
	-6
	0.79
	0.355

	
	
	-3
	0.50
	0.54

	
	
	0
	0.36
	0.77

	
	
	3
	0.25
	0.905

	
	
	6
	0.18
	0.955

	50RBs
	15
	-10
	0.69
	0.44

	
	
	-6
	0.43
	0.675

	
	
	-3
	0.25
	0.89

	
	
	0
	0.17
	0.97

	
	
	3
	0.11
	1.00

	
	
	6
	0.08
	1.00

	
	15&16
	-10
	0.49
	0.54

	
	
	-6
	0.28
	0.83

	
	
	-3
	0.17
	0.96

	
	
	0
	0.11
	0.995

	
	
	3
	0.08
	1.00

	
	
	6
	0.06
	1.00


It is clear that CSI-RSRP measurement is most sensitive to bandwidth. Under a 10MHz bandwidth system, using the system bandwidth for CSI-RSRP measurement shows much better performance than using a minimum bandwidth of 6RBs. Moreover, using Port 16 in addition to Port 15 can enhance the RSRP accuracy significantly. RSRP accuracy improves with increasing SNR. The probability that the measurement error is within 0.5dB is as high as 96% at -3dB SNR when using Port15&16 over the system bandwidth. 
4. Conclusions
In this contribution, we used link level simulation to show the impact of measurement bandwidth and antenna ports on the CSI-RSRP measurement. Based on the simulation results, we draw the following conclusions:
1. The participation of R16 in CSI-RSRP measurement can improve the accuracy significantly. If Port 16 is transmitted, it shall be signaled as part of the CSI-RS configuration of the CoMP resource management set and UE shall use Port 16 for CSI-RSRP measurement in addition to Port15.
2. The measurement bandwidth has significant impact on CSI-RSRP measurement accuracy. It is recommended that system bandwidth should be used for CSI-RSRP measurement.
3. CSI-RSRP measurement accuracy improves significantly with the increasing SNR of CSI-RS. 
5. References
[1] 3GPP TSG RAN WG1 #69, “RAN1 Chairman’s notes”.

[2] 3GPP TSG RAN WG1 #69, R1-123077, LS on CSI-RSRP and CoMP Resource Management Set.
[3] 3GPP TSG RAN WG4 #62bis, R4-122202, “Link Level Simulation Assumptions for CSI-RS RSRP Measurement Feasibility Study”, Ericsson, ST-Ericsson, Samsung.

 1

