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1
Introduction
In RAN4#63 meeting, several companies evaluated CSI-RS based RSRP measurement accuracy performance based on agreed simulation assumptions. Regarding the timing error caused by the timing estimated from serving cell, the neglected impact to CSI-RS measurement performance has been observed by most companies, which could be assumed as consensus of RAN4. However, regarding other aspect impact to the accuracy performance, some of the contributions such as [1], [2] and etc conclude the CSI-RS based RSRP measurement accuracy is comparable to CRS RSRP requirements under the conditions such as extended measurement period or larger measurement bandwidth, some other companies still have concern on the accuracy performance in terms of estimation algorithm, antenna port assumption, etc. 
In order to further progress the feasibility study work in RAN4, in this paper, we would like to provide our further consideration on the following aspects: 
· CSI-RS RSRP estimation algorithm 

· Antenna ports assumption 

· CRS and CSI-RS measurement comparison
· Measurement period 
· Measurement bandwidth
2
Discussion
2.1 Estimation algorithm
In last meeting, some companies show concern for the estimation algorithm and the estimated accuracy performance. In order to provide more information for reference, the estimation algorithm which taken in our simulation was provided below for reference.
Step1: De-spread the adjacent CSI-RS REs in time domain

Step2: Perform LS channel estimation in frequency domain for each receive antennas and CSI-RS ports.
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k  : CSI-RS RE index in frequency domain (0,1,….,
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Step3: Get a complex RSRP values by correlation between two adjacent REs in frequency domain
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Step4: combine the transmit ports according to transmission ports configuration
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2.2 Antenna ports assumption
For CSI-RS RSRP measurement, the estimated accuracy with 1 transmission antenna port and 2 transmission antenna ports are summarized in table below ( detailed results could be found in annex1 and annex 3). 
	Table 2.2-1: 90% distribution under 6RB measurement BW, 200ms measurement period, and ideal timing with 1tx port and 2 tx ports

	SNR
	SNR=-3dB
	SNR=-6dB

	Fading Channel
	Number of CSI-RS ports
	Number of CSI-RS ports

	
	1 tx ports
	2 tx ports
	1 tx ports
	2 tx ports

	AWGN
	2.6
	2.8
	3.6
	4.2

	EPA5Hz
	2.9
	2.5
	3.7
	3.6

	ETU70Hz
	1.6
	1.8
	2.8
	3.2


For SNR =-6dB, 1 tx ports has better performance compared to 2 tx ports (difference not over 0.5dB) and when SNR above -3dB, 2 tx ports has better or similar performance compared to 1 tx ports. Similar as analyzed in [1], 2 tx ports has more samples. On the other hand, with 2 tx ports, the transmission power per port reduced to half compared to 1 tx ports .These two, i.e., more samples and lower SNR, have a comprehensive effect on the estimation accuracy. 
Also, to be noted, in the scenario of 2 CSI-RS transmission ports configured, for the RSRP estimated from 1 antenna port, the accuracy performance degradation should be considered comparing with RSRP estimated from 2 antenna ports due to the 3dB lower SNR in receiver side for each antenna port. 
Based on above understanding, for CSI-RSRP measurement, we recommend to measure both of port 15 and 16 when port 16 is also available. For the feasibility research of CSI-RSRP measurement, we recommend to take one tx port (port 15) configuration as the baseline assumption.
2.3 Estimated performance comparison between CRS and CSI-RS 
Under the same side condition, CRS RSRP has a better performance (detailed simulation results could be found in annex 4) since there are 8 CRS REs and only 2 CSI-RS REs allocated per RB. From our simulation results as summarized below, CSI-RS has around 1dB performance loss under same condition compared to CRS which is similar as the observation in [1] and [2]. 
	Table 2.3-1: 90% distribution under 1T2R, 6RB measurement BW, 200ms measurement period and ideal timing with CRS and CSI-RS

	Fading channel
	SNR=-3dB
	SNR=-6dB

	
	CRS
	CSI-RS
	CRS
	CSI-RS

	AWGN
	1.5
	2.6
	2.4
	3.6

	EPA5Hz
	1.8
	2.9
	2.5
	3.7

	ETU70Hz
	0.8
	1.6
	1.6
	2.8


Also, in our understanding, to verify the CSI-RS RSRP feasibility, the CSI-RS performance should compare with Rel-8/9 CRS RSRP performance requirements, i.e., +/-6dB. In our simulation results, considering the 2dB implementation margin, CSI-RS RSRP performance is still within the range of +/- 6dB. 
2.4 Measurement Period
As described in the replied LS from RAN1 [3], CoMP operation targets UEs with low mobility. It’s feasible to extend the measurement period for CSI-RSRP to collect more samples in time domain. The estimation accuracy under 200ms, 400ms and 800ms measurement period are provided in table below( detailed simulation results could be found in annex 1). Compared to 200ms, 400ms has around 0.5dB gain and 800ms has around 1.0 dB gain.
	Table 2.4-1: Absolute RSRP accuracy in 90% CDF with different measurement period under 1T2R and 6RB (sampling rate fixed to 40ms)

	Fading channel
	SNR=-3dB
	SNR=-6dB

	
	Measurement Period
	Measurement Period

	
	200ms
	400ms
	800ms
	200ms
	400ms
	800ms

	AWGN
	2.6
	2.1
	1.8
	3.6
	3.1
	2.8

	EPA5Hz
	2.9
	2.2
	1.7
	3.7
	3.0
	2.5

	ETU70Hz
	1.6
	1.2
	0.9
	2.8
	2.1
	1.9


2.5 Measurement Bandwidth
In this section, we also provide the simulation results for CSI-RS measurement under different measurement bandwidth as below (detailed simulation results could be found in annex 2):
	Table 2.1-3: 5%~95% distribution with 6RB and 50RB

	Fading channel
	SNR=-3dB
	SNR=-6dB

	
	Measurement BW
	Measurement BW

	
	6RB
	50RB
	6RB
	50RB

	AWGN
	-0.4~2.6
	-0.1~1.1
	0.4~3.6
	-0.1~1.5

	EPA5Hz
	-1.6~2.9
	-0.6~0.7
	-1.4~3.7
	-0.8~1.1

	ETU70Hz
	-1.6~1.6
	-1.5~0.1
	-1~2.8
	-1.5~0.5


Comparison with different measurement BWs:

· There are no linear relationship between estimation accuracy and measurement samples in frequency.

· With 50RB, about 2.5dB gain at SNR -6dB and 1.5dB gain at SNR -3dB compared to 6RB measurement BW.
3 Conclusion
In this contribution, some of the open issues for the CSI-RS based RSRP measurement are further discussed and analyzed. Such observations are summarized:
· Under same SNR, antenna ports, measurement period and measurement bandwidth , CSI-RS RSRP measurement has only around 1dB loss compared to CRS RSRP measurement.
· When SNR over than -3dB, 2tx ports has similar or better performance compared to 1 tx port. And under -6dB SNR side condition, 2tx ports has not over 0.5 dB loss compared with 1tx ports. 
· Compared to 200ms measurement period, 400ms has around 0.5dB gain and 800ms has around 1.0 dB gain.
Based on such observations, such proposals suggested:

· Using measurement period 400md/800ms, 1tx CSI-RS port, 6RB measurement BW and SNR -3/-6dB as the baseline assumption condition to study the CSI-RS RSRP measurement feasibility
· Under above baseline assumption, CSI-RS RSRP could achieve the comparable performance as CRS RSRP measurement 
We propose RAN4 take the above observations into account in the reply LS to RAN1.
4
Reference
[1] R4-122985, “Link level simulation results for CSI-RS RSRP measurement feasibility study”, Renesas Mobile Europe Ltd
[2] R4-122601, “Simulation Results for CSI-RS RSRP measurement”, Huawei, HiSilicon
[3] R1-123071, “LS response on clarifications on CSI-RS based measurement for CoMP”
Annex

Annex.1 200ms, 400ms, 800ms measurement period under 1 Tx ports with ideal timing
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	Figure A.2-1 RSRP CDF curves vs. SNR under 1T2R, ideal timing and 6RB with 200ms,400ms and 800ms measurement period


Annex.2 50RB measurement BWs with ideal timing error
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	Figure A.3-1 RSRP CDF curves vs. SNR with 50RB measurement BW under 1T2R ,ideal timing, 200ms measurement period 


Annex.3 2 Tx antenna ports
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	Figure A.4-1 RSRP CDF curves vs. SNR under 2Tx ports with ideal timing, 6RB measurement period and 200ms measurement period


Annex.4 CRS measurement performance 
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	Figure A.7-1 RSRP CDF curves vs. SNR under 1T2R with 200ms, 6RB for CRS
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