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1 Introduction

The work item “Small cell enhancements-physical layer aspects-core part” was approved in RP#62 ‎[1]. One of the objectives of the work item is “efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells”. In RAN4#71AH it was agreed that simulations need to be performed in order to find out the cell detection delay based on PSS/SSS in DRS mode ‎[2].
In this contribution we present simulation results based on the assumptions in ‎[2] for TP identification delay.

2 Simulation results

TP identification in discovery mode is based on CSI-RS, which is sent in DRS occasions. Based on the current agreements in RAN1, a DRS occasion for a cell comprises N consecutive subframes (N <= 5), and is transmitted every 40, 80,160 ms. Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers.
The following tables show the delay for TP identification in ms which is the 90% acquisition time for different channels and different DRS periodicities.
AWGN 40ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>800
	>800
	>800
	>800

	50RB
	>800
	>800
	>800
	40

	IC
	
	
	
	

	6RB
	>800
	>800
	>800
	40

	50RB
	80
	40
	40
	40


AWGN 80ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	>1600

	50RB
	>1600
	>1600
	>1600
	80

	IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	80

	50RB
	160
	80
	80
	80


AWGN 160ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	>3200

	50RB
	>3200
	>3200
	>3200
	160

	IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	160

	50RB
	320
	160
	160
	160


EPA5 40ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>800
	>800
	>800
	>800

	50RB
	>800
	>800
	>800
	520

	IC
	
	
	
	

	6RB
	>800
	>800
	>800
	240

	50RB
	>800
	280
	40
	40


EPA5 80ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	>1600

	50RB
	>1600
	>1600
	>1600
	640

	IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	320

	50RB
	960
	400
	80
	80


EPA5 160ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	>3200

	50RB
	>3200
	>3200
	>3200
	1280

	IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	800

	50RB
	1920
	640
	160
	160


ETU30 40ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>800
	>800
	>800
	>800

	50RB
	>800
	>800
	>800
	280

	IC
	
	
	
	

	6RB
	>800
	>800
	>800
	>800

	50RB
	>800
	>800
	80
	40


ETU30 80ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	>1600

	50RB
	>1600
	>1600
	>1600
	480

	IC
	
	
	
	

	6RB
	>1600
	>1600
	>1600
	>1600

	50RB
	>1600
	>1600
	160
	80


ETU30 160ms periodicity

	
	Test 1
	Test 2
	Test 3
	Test 4

	No IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	>3200

	50RB
	>3200
	>3200
	>3200
	960

	IC
	
	
	
	

	6RB
	>3200
	>3200
	>3200
	>3200

	50RB
	>3200
	>3200
	320
	160


Note that in tables above simulation results for both detection with interference cancellation (IC) and detection without interference cancellation is shown (no IC). Also note that in the table entries the “>” sign shows that the cell detection probability did not reach the target 90% after the specified time. 

It is clear that the TP identification time for dispersive channels is very long. The reason for very poor performance of the identification based on CSI-RS is the very pessimistic assumptions that are used in the simulations. We note the following two main reasons:

· The scenario for CSI-RS configurations does not reflect the most likely use case at all. In the simulation assumptions it is being assumed that TP1 and TP2 are using the same REs as TP3 and hence the SINR of TP3 degrades a lot. However, the way CSI-RS is considered in RAN1 is to use orthogonal configurations so that most likely TP1 and TP2 do not interfere with TP3. In this case, we would need to only look at TP3 detection in isolation with noise as the only impairment. 
· Also one should note the difference between Es/Noc considered for these simulation and Es/Noc for the cell identification based on PSS/SSS. Let us look at the SINR values that are used in these simulations and compare them to SINR values in the call identification based on PSS/SSS. If we use the definition of SINR for the signal of the third cell as the desired signal we have
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Replacing SNR vales from the table of assumptions we get SINR=[-15.5 -14.5 -11.5 -8.5]dB for the four different tests respectively. These values are obviously too low as compared to 

[-6 -7 -8]dB for the PSS/SSS, and need to be confirmed by system simulations. It is suggested that the SNR levels for these simulations are revisited based on the results from system simulations.
3 Conclusions

In this contribution we presented simulation results for TP identification delay based on CSI-RS. The results show that using the current assumptions, for most cases the acquisition time is very long. However it is noted that these results are based on 100% collision between CSI-RS resources of the three cells, which is not what is considered in RAN1. Also the SNR values that are assumed for the desired cell and the interfering cells are not based on system simulations and are far too low as compared to the SNR values used for cell identification based on PSS/SSS. It is proposed that the simulation assumptions are revisited based on system simulation results to find realistic SNR values for the desired cell and the interfering ones.
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Appendix: simulation assumptions
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:  -4dB

Test 2: -3dB
Test 3:  0dB
Test 4:  3dB
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	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 6: 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)
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