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1
Introduction
In RAN4#62bis meeting, LS [1] from RAN1 asked RAN4 what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement.
Based on the conclusions in Jeju meeting, RAN4 propose to evaluate CSI-RS based measurements for a set of measurement period, sampling rate and SNR point based on the agreed link-level simulation assumption [2].

In this contribution, we evaluated CSI-RS based RSRP measurement accuracy with link level simulation. Then the feasibility of CSI-RS based received signal quality measurement was discussed from RAN4 point of view. 
2
Discussion
2.1 Simulation assumptions
The general simulation assumptions were capture from [2], as shown in table 1 below. Furthermore, 40ms was taken as the fixed sampling period in the simulation. 
Table 2.1: Simulation parameters for CSI-RS RSRP measurement performance feasibility study
	Parameters
	Value
	Comments

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

	Measurement Bandwidth 
	{6 RBs,25 RBs, 50RBs}
	25RBs case is optional

	Number of Tx Antennas 
	{1,2} 
	

	Number of Rx Antennas 
	2 
	2 

	Antenna Correlation 
	Low 
	Low 

	CSI reference signals 
	Antenna port  {15} 
	Optional to use {15,16}

	CSI-RS reference signal configuration 
	[2] 
	

	CSI-RS periodicity and sub frame offset TCSI-RS / ICSI-RS 
	[5/3] , [10/3], [80/78]
	[80/78] is optional

	Measurement Period for non-DRX case
	{200ms, 400ms, 600ms,800ms} 
	600 ms optional

	Number of Samples per Measurement Period 
	- 
	Implementation-dependent (NOTE1)

	L3 filtering 
	Disable 
	

	DRX 
	Off
	

	DRX 
	On
	

	DRX cycle length
	40ms, 320ms, 640ms
	320, 640ms are optional

	Propagation Condition
	AWGN, ETU70, EPA5
	

	CP Length
	Normal
	

	Timing Error
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D

={0,+3,-3} μs
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.


2.2 Simulation results for CSI-RS RSRP accuracy
As list in the table above, several simulation parameters have many options. We evaluated 54 sub-cases for non-DRX case considering such combinations with different parameters:

· Measurement BWs: 6RB, 50RB

· CSI reference signals: Antenna port  {15}
· Measurement Period for non-DRX case: 200ms (5 sample),400ms (10 sample),800ms(20 sample)
· Propagation Condition: AWGN, ETU70, EPA5
· Timing Error: 0, +3, -3μs
· In our simulation, +3μs means that the estimated timing is 3us earlier than timing of measured symbol arrival. And, -3μs means estimated timing is 3us later than timing of measured symbol arrival.
· CSI-RS periodicity and subframes offset TCSI-RS / ICSI-RS : as the sampling rate was fixed with 40ms, no difference between [5/3] , [10/3]
For DRX case, the option with 40ms of DRX cycle length is the same as to the non-DRX case with 200ms measurement period, since the sampling rate and measurement period is the same between these two cases in our simulation.
Based on the simulation scenarios, the CDF distribution curves for the delta RSRP are given in figures A.1-1~A.3-3 for each scenario. 
In table 2.2-1 and table 2.2-2, we summarize the RSRP measurement accuracy for no-DRX case with the combination of SNR side conditions, timing error and measurement period for 6RB and 50RB measurement BW separately.

Table 2.2-3 give the RSRP measurement accuracy for DRX case with 40ms circle length for 6RB and 50RB measurement BW.

	Table 2.2-1: Absolute RSRP accuracy in 90% CDF with 6RB measurement BW

	Timing Error
	SNR>-3dB
	SNR>-6dB

	
	Measurement Period
	Measurement Period

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

	0us
	3.8
	2.9
	2.2
	4.1
	3.5
	3.0

	3us
	3.8
	2.9
	2.2
	4.1
	3.5
	3.0

	-3us
	5.1
	4.5
	4.0
	5.1
	4.5
	4.0


	Table 2.2-2: Absolute RSRP accuracy in 90% CDF with 50RB measurement BW

	Timing Error
	SNR>-3dB
	SNR>-6dB

	
	Measurement Period
	Measurement Period

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

	0us
	3.3
	2.7
	2.2
	3.5
	2.9
	2.5

	3us
	3.3
	2.7
	2.2
	3.5
	2.9
	2.5

	-3us
	4.8
	4.1
	3.6
	4.8
	4.1
	3.6


	Table 2.2-3: Absolute RSRP accuracy in 90% CDF for DRX case
(with 40 ms DRX circle length)

	Timing Error
	SNR>-3dB
	SNR>-6dB

	
	Measurement BW
	Measurement BW

	
	6RB
	50RB
	6RB
	50RB

	0us
	3.8
	3.3
	4.1
	3.5

	3us
	3.8
	3.3
	4.1
	3.5

	-3us
	5.1
	4.8
	5.1
	4.8


2.4 Observations
Based on simulation results summarized above, we have observations below:
· SNR, fading channel, measurement BW, measurement period and timing alignment error have comprehensive impact on the estimated RSRP CDF distribution. 
· The direction of timing alignment error has effect on the estimated RSRP accuracy. 
· For + 3us timing error, no obvious effect for RSRP requirements.

· For -3us timing error, RSRP performance have 1~2 dB loss.
· For SNR side condition:

· Compared to -6dB side condition, -3 dB SNR has around 0.5 dB accuracy performance gain.

· For measurement BW:

· 50RB measurement BW has around 0.5 accuracy performance gain than 6RB measurement BW.

· For measurement period in non-DRX case:

· From the simulation results, 0.6dB around gain with 400ms measurement period and 1dB around gain with 800ms measurement period compared to 200 ms measurement period are observed.
· With different combinations, the accuracy of CSI-RS based RSRP measurement is around 2.2~5.1 dB. Considering 2 dB implementation margin, the CSI-RS based RSRP measurement accuracy is comparable to 6dB Rel-8 CRS based on RSRP accuracy.

3 Conclusion
In this contribution, the CSI-RS based RSRP measurement simulation results are evaluated. Based on the provided simulation results, with different combinations, the accuracy of CSI-RS based RSRP measurement is between 2.2~5.1 dB. Considering 2 dB around implementation margin, the CSI-RS based RSRP measurement accuracy is comparable to 6dB Rel-8 CRS based on RSRP accuracy.
We suggest taking measurement period 800ms, 1 CSI-RS port, 6RB measurement BW and SNR -3dB as the side condition to define CSI-RS based RSRP performance requirements.
4
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Annex

Based on the simulation scenarios, we give the CDF distribution curves for the delta RSRP in figures A.1-1~A.3-3 below for each scenario. 
Annex.1 No-DRX case with 200ms measurement period
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	Figure A.1-1 RSRP CDF curves vs. SNR under AWGN 1Tx 200ms
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	Figure A.1-2 RSRP CDF curves vs. SNR under EPA5Hz 1Tx 200ms
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	Figure A.1-3 RSRP CDF curves vs. SNR under ETU70Hz 1Tx 200ms


Annex.2 No-DRX case with 400ms measurement period
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	Figure A.2-1 RSRP CDF curves vs. SNR under AWGN 1Tx 400ms
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	Figure A.2-2 RSRP CDF curves vs. SNR under EPA5Hz 1Tx 400ms
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	Figure A.2-3 RSRP CDF curves vs. SNR under ETU70Hz 1Tx 400ms


Annex.3 No-DRX case with 800ms measurement period
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	Figure A.3-1 RSRP CDF curves vs. SNR under AWGN 1Tx 800ms


	[image: image44.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =0us, 6RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB


	[image: image45.emf]-3 -2 -1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =0us, 50RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB



	[image: image46.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =3us, 6RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB


	[image: image47.emf]-3 -2 -1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =3us, 50RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB



	[image: image48.emf]-6 -4 -2 0 2 4 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =-3us, 6RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB


	[image: image49.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EPA5Hz, Timing Error =-3us, 50RB

Delta RSRP (estimated RSRP -ideal RSRP)dB

CDF

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB



	Figure A.3-2 RSRP CDF curves vs. SNR under EPA5Hz 1Tx 800ms
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	Figure A.3-3 RSRP CDF curves vs. SNR under ETU70Hz 1Tx 800ms


Hi Haijie, all,

Please also find attached the draft reply LS, I would appreciate your views  on whether the reply is appropriate.

Regarding the simulation results, I have some questions for clarification:

1/ It seems that the absolute RSRP accuracy for timing error of -3us is the same for SNR>-3dB and SNR>-6dB, but there is a difference for timing error of 0us and 3us, why is this so?
[hj]: RSRP accuracy is comprehensive effected by SNR , fading channel, timing error, and also related to the estimation algorithm. RSRP estimation has to move the fading channel and noise effect on the received CSI-RS REs. Fading channel make the estimation values small than ideal values, otherwise noise make the estimation values larger than ideal values. Furthermore, -3 us means FFT process latter than the ideal FFT timing, as we know this will destroy the orthogonality of REs, this make the estimated values small than ideal values. Otherwise, +3 us means FFT process still location in CP range, and this will still keep orthogonality because of DFT cycle shift. From the CDF curves, you can see the worst scenario under -3 us is around SNR =0 dB which means it’s fading channel limited. But for 0us and 3us, the worst scenario is -6dB and -3 dB, which means it’s noise limited.
2/ Are the numbers in the table showing the worst case among AWN, ETU70 and EPA5 channels?

[hj]: Yes, the worst case among SNR, fading channel.
3/ After discussions with Taeyoon, Younsun, Krishna, I realized there are several ways to implement RSRP measurement. For my understanding, may I know how is RSRP measured in your simulation? Could you provide some info e.g. in the form of equations? 
[hj]: Yes, there are several RSRP estimation algorithms such IDFT transfer to estimation in time domain and time-frequency correlation. In our simulation, we comply a similar method ( frequency correlation) as we do in rel8/9 for CRS RSRP. After time –domain despread, we get the despread CSI-RS REs, r(k), k means the frequency indexes, then we estimated RSRP 
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4/ Is it correct understanding that the measurement bandwidth for the intra-frequency measurement is the full bandwidth and for the inter-frequency measurement, it can be either 6 RBs or 50 RBs? Is the measurement bandwidth configurable to the UE?

[hj]: In rel-8, for requirements evaluation, RAN4 take 6RB as side condition, for real UE implementation I’m not sure. Maybe Xutao can further firm this.
5/ From this simulation results, how would you reply RAN1 LS on what timing accuracy is feasible? I suppose we intend to say +- 3us error is feasible?
[hj]: From my simulation results,

Thank you.

Regards,

Boon. 
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