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1
Introduction
In the RAN4#63AH meeting, simulation results for CSI-RS based received signal quality measurement were discussed, and an LS response on CSI-RS based measurement for CoMP [1] was sent to RAN1. Then RAN1 sent an LS on CSI-RSRP and CoMP Resource Management Set to ask RAN4 to define the measurement frequency bandwidth of CSI-RSRP and the maximum size of the CRM Set, and also provide guidance to RAN1 on the use of R16 and R17~22 for CSI-RSRP measurements [2]. 

In this contribution, we provided link level simulation results for CSI-RSRP measurement, also made some analysis on the measurement frequency bandwidth and the number of antenna ports used for CSI-RSRP measurement based on the simulation results. 
2
Discussion
2.1 Simulation assumptions
The general simulation assumptions are shown in table 2.1 below. 
Table 2.1: Simulation parameters for CSI-RS RSRP measurement performance 
	Parameters
	Value

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

	Measurement Bandwidth 
	10MHz {50RB,6RB}

	Number of Tx Antennas 
	1 or 2 or 8

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	CSI reference signals 
	Antenna port  {15} or {15, 16} or {15-22}

	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} 

	Number of Samples per Measurement Period 
	[1 subframe per sample, 1 sample every 40ms]

	L3 filtering 
	Disable 

	Propagation Condition
	ETU70, EPA5

	CP Length
	Normal


2.2 Simulation results
Figures 1a, 1b, 1c and 1d show the impact of the Tx antenna port configuration to the CDF of delta RSRP (estimated RSRP – ideal RSRP). 
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Figure 1a: Impact of TX antenna port configuration, EPA5, 2Tx
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Figure 1b: Impact of TX antenna port configuration, EPA5, 8Tx
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Figure 1b: Impact of TX antenna port configuration, ETU70, 2Tx
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Figure 1d: Impact of TX antenna port configuration, ETU70, 8Tx
   In the RAN1 LS [2], RAN1 is considering the three alternatives listed below:
· Alt1: R16 recommended (“should”) and R17~22 optional (“may”)

· Alt2: R16 recommended (“should”)
· Alt3: R16 FFS between “shall” and “may”
So in figure 1a and 1b, we present the simulation results for the following five Tx antenna port configurations:  
· Case 1: 1x2，estimate the RSRP based on the CSI-RS of port15
· Case 2: 2x2,  estimate the RSRP based on the CSI-RS of port 15 and port 16
· Case 3: 2x2，estimate the RSRP based on the CSI-RS of port15
· Case 4: 8x2, estimate the RSRP based on the CSI-RS of ports 15-22

· Case 4: 8x2, estimate the RSRP based on the CSI-RS of ports 15 and port 16

It can be seen from the results that the single antenna port configuration gives the best measurement accuracy. This is due to the higher per-port transmission power with a single port CSI-RS configuration. And with higher operating SNR, the measurement accuracy of the multi-antenna and single-port configuration becomes similar. 
For the 2x2 configuration, the RSRP measurement accuracy based on the port 15 and port 16 is slightly better than the case only based on the port 15. Furthermore, along with the increasing of the operating SNR, the difference between the case 2 and case 3 is becoming smaller. Multi-antenna configurations allow averaging the measurement output over multiple ports when estimating the RSRP based on the multiple ports, and the averaging can bring some gain for the measurement accuracy. 
Regarding ports R17-22 used for CSI-RSRP measurements, from our simulation results in figures 1a and 1b, we don't see much benefit of having more than 2 ports for CSI-RS based measurement. Therefore, we think 2 ports for CSI-RS based RSRP measurement seems to be enough. Moreover for CRS-based RSRP, measuring the maximum of 2 ports is sufficient. Adding more optional ports will potentially increase the UE complexity comparing with CRS-based RSRP measurement. Therefore we propose to use port 15 and port 16 to measure the CSI-RS RSRP regardless of the number of antenna ports. 
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Figure 2a: Impact of measurement frequency bandwidth, EPA5
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Figure 2b: Impact of measurement frequency bandwidth, ETU70                   
Figures 2a and 2b show the impact of measurement frequency bandwidth to the CDF of delta RSRP. It should be noted that all the results in figures 2a and 2b are simulated in the 10MHz system bandwidth. The difference is estimating of one of the two cases is based on the whole bandwidth, and the other one is based on 6RB of the bandwidth. 

It can be seen from the results that the measurement accuracy of the estimating based on the system bandwidth is obviously better than the case based on the part of the bandwidth as the number of estimated CSI-RS samples affect the measurement accuracy. So we propose that the CSI-RS measurement should be based on the system bandwidth to guarantee the RSRP accuracy.
3 Conclusion
In this contribution, we provide the CSI-RS based RSRP measurement simulation results and made some analysis on the number of CSI-RS ports and the measurement frequency bandwidth based on the simulation results. It has been observed that there is not much benefit of having more than 2 ports for CSI-RS based measurement. And for the 2x2 configuration, the RSRP measurement accuracy based on the port 15 and port 16 is slightly better than the case only based on the port 15. Therefore we propose to use port 15 and port 16 to measure the CSI-RS RSRP regardless of the number of antenna ports.

Regarding the measurement frequency bandwidth, we propose to measure the CSI-RS RSRP based on the system bandwidth to guarantee the RSRP accuracy.
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