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1	Introduction
A new work item regarding Small cell enhancements for E-UTRA and E-UTRAN was approved in RAN#62 plenary. New type of discovery reference signal (DRS) was designed and introduced to facilitate Cell/TP identification and small on/off operation in RAN1. In RAN4#71 RRM AH, DRS based on cell/TP identification were widely discussed. A simulation for Cell/TP identification based on CRS or CSI-RS was agreed in [1]. Furthermore, updated simulation assumption was agreed in [2] in RAN4#72.
In this contribution, we supply simulation results for CSI-RS based on TP identification.
2 Analysis 
2.1 Simulation assumption
The detailed simulation assumption for CSI-RS acquisition was agreed in [2], as shown in table below.
Table 1: Simulation parameters for CSI-RS acquisition
	Parameter
	Unit
	TP1
	TP2
	TP3(Desired TP)

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	CSI-RS PSD relative to RS PSD
	dB
	0
	0
	0

	Carrier frequency
	GHz
	3.5
	3.5
	3.5

	Number of RB’s
	
	6RB, 50RB

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	FDD
	FDD
	FDD

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	Es/Noc
	dB
	10
	5
	Test 1: -2dB
Test 2:  0dB

	


(  equals to)
	
	3
	3
	3

	Number of Tx antennas
	-
	1
	1
	1

	Antenna port
	-
	15
	15
	15

	CSI-RS configuration (Defined in TS36.211)
	-
	10
	5
	0

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS
	-
	40/3,    80/3,   160/3

	Muting for CSI-RS
	
	Yes

	Propagation Condition
	-
	AWGN, EPA5, ETU30

	Noc Model
	-
	AWGN

	CSI-RS periodicity
	-
	40ms, 80ms, 160ms

	NOTE1 :	Noc value doesn’t include the three simulated TP signals’ power
NOTE2 :  ICSI-RS in this table is the subframe offset within each CSI-RS periodicity. 40/3 means the third subframe within 40ms periodicity, 80/3 means the third subframe within 80ms periodicity, and 160/3 means the third subframe within 160ms periodicity.



Table 2: Other simulation assumption parameters for TP identification
	Simulation parameters
	Comments/values

	Prior knowledge of TP1 and TP2 by the UE
	Yes

	TP 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	Duty cycle
	100% (to represent non-DRX case)

	Performance criterion for comparison
	90th percentile acquisition time for “correct” TP identification of CSI-RS configuration

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Receive antennas
	2  (uncorrelated)

	False alarm rate
	1%



Performance metric for CSI-RS acquisition
· Criterion of successful event: (correct CSI-RS acquisition) 
· Required successful event ratio: 90%
· Expected outcome from simulator: (CSI-RS acquisition delay)
2.2 Simulation results
As confirmed by RAN1 LS in [3], UE is assumed to be aware of the full CSI-RS transmission information (sub-frame, RE configuration, scrambling initialization) for TP identification. 
The intention of this evaluation was to justify whether UE can correctly detect CSI-RS absence in corresponding target resources. Generally two performance metrics can be derived for evaluation:
· False Alarm: UE wrongly detect the absence of CSI-RS when NW don’t transmit corresponding CSI-RS resource (1%) or target TP is too far away from UE so that CSI-RS is too weak to detect
· Miss detection: UE fail to detect the corresponding CSI-RS when NW transmit (10%)

For evaluation, first step we calculated corresponding false detection threshold values corresponding to different measurement bandwidths and number of samples. False alarm detection threshold was derived based on false alarm probability less than 1% as agreed in WF [2].

Then we evaluate number of samples needed for different combinations of channel models {AWGN, EPA5Hz, ETU30Hz}, SNR points {-3,-2, 0, 2} dB and measurement bandwidths {6RB, 15RB, 25RB, 50RB} to achieve required performance requirement i.e. the probability of UE correctly detect the absence of CSI-RS configuration during acquisition time should larger than 90%.
Figure1~3 in the annex show miss detection probability vs. number of samples (N=1~10) for different combinations of channel models, SNR points and measurement bandwidths.
Relationship between CSI-RS/DRS periodicity and TP acquisition time delay
In [4], we already evaluated different DRS periodicity options {40ms, 80ms, and 160ms} for 6RB and 50RB cases at several SNR points. 
As summarized in table 1 and table 2 in [4], we can observe number of DRS samples needed for CSI-RS acquisition is the same for different DRS periodicity options i.e. 160ms,80ms, 40ms.
Observation1: CSI-RS acquisition performance is strongly depending on number of DRS samples i.e. number of DRS samples needed for CSI-RS acquisition is the same for different DRS periodicity options i.e. 160ms.80ms, 40ms
Measurement Channel BW 
Table 3 below summarized number of CSI-RS samples needed to achieve required correct CSI-RS acquisition probability over 90% for different combinations of SNR points, measurement bandwidths and fading channel.
Table 3: Number of samples needed to achieve 90% probability of correct CSI-RS acquisition
	Channel
	AWGN
	EPA5Hz
	ETU30Hz
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
	6RB
	15RB

	-2
	4
	5
	8
	2
	2
	3

	0
	3
	4
	6
	1
	2
	2

	2
	2
	3
	4
	1
	1
	2

	SNR[dB]
	25RB
	50RB

	-2
	2
	2
	2
	1
	1
	1

	0
	1
	1
	2
	1
	1
	1

	2
	1
	1
	1
	1
	1
	1


Based on simulation results, we can conclude that:
· Performance under ETU channel is worse than AWGN and EPA channel.
· With improved measurement bandwidth i.e. 15RB, number of samples required for target detection probability and corresponding TP identification time delay will be dramatically decreased. When measurement bandwidth is over 15RB, performance improvement is marginal since with SNR over -2 dB, 15 RB measurement bandwidth case has already achieved excellent performance. 

Observation2: With extending measurement bandwidth upper to15RB, CSI-RS acquisition delay is significantly decreased. On the other hand, when measurement bandwidth is over 15RB, performance improvement is marginal with extending measurement bandwidths i.e. 25RB and 50RB.
CSI-RS acquisition time delay
Table below summarized number of samples needed to achieve required successful event ratio (the probability of correct TP identification over 90%) across all channel modes for different combinations of SNR points and measurement bandwidth.
Table 4: Number of samples and TP identification time delay required to achieve 90% probability of correct CSI-RS acquisition
	SNR[dB]
	160ms DRS periodicity

	
	6RB
	15RB
	25RB
	50RB

	-2
	8(1280ms)
	3(480ms)
	2(320ms)
	1(160ms)

	0
	6(960ms)
	2(320ms)
	2(320ms)
	1(160ms)

	2
	4(640ms)
	2(320ms)
	1(320ms)
	1(160ms)


Based on system evaluation, operating SNR point for CSI-RS is over 2 dB for the first 3 strongest TPs. At SNR =2dB, in order to fulfil target successful event ratio (90%), number of samples N= 4,2,1,1 needed for measurement BW 6RB, 15RB, 25RB and 50RB separately.
3 Conclusion
In this contribution, we supply evaluation results for CSI-RS based on TP identification. Based on evaluation results, such observations were captured:

Observation1: CSI-RS acquisition performance is strongly depending on number of DRS samples i.e. number of DRS samples needed for CSI-RS acquisition is the same for different DRS periodicity options i.e. 160ms.80ms, 40ms
Observation2: With extending measurement bandwidth upper to15RB, CSI-RS acquisition delay is significantly decreased. On the other hand, when measurement bandwidth is over 15RB, performance improvement is marginal with extending measurement bandwidths i.e. 25RB and 50RB.
Observation3: CSI-RS acquisition time delay and number CSI-RS samples (assuming DRS periodicity 160ms) needed for different channel BWs and SNR points were summarized in table below:  
Table . Number of samples and TP identification time delay required to achieve 90% probability of correct CSI-RS acquisition
	SNR[dB]
	160ms DRS periodicity

	
	6RB
	15RB
	25RB
	50RB

	-2
	8(1280ms)
	3(480ms)
	2(320ms)
	1(160ms)

	0
	6(960ms)
	2(320ms)
	2(320ms)
	1(160ms)

	2
	4(640ms)
	2(320ms)
	1(320ms)
	1(160ms)


Observation4: At typical operating SNR point for CSI-RS which derived from system simulation in [5] i.e. SNR =2dB, number of DRS samples required for measurement BW 6RB, 25RB and 50RB are 4,2,1,1 separately.   
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Figure 1: Miss Detection probability vs. CSI-RS samples for AWGN with different measurement BWs
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Figure 2: Miss Detection probability vs. CSI-RS samples for EPA5Hz with different measurement BWs
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Figure 3: Miss Detection probability vs. CSI-RS samples for ETU30Hz with different measurement BWs
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