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1. Introduction
At the RAN4#71 RRM ad-hoc meeting, the RRM core requirements and performance requirements for Rel. 12 small cell discovery were discussed, and evaluation assumptions were agreed [1-3].

In this contribution, we show our evaluation results based on the agreed link level simulation assumption to investigate the delay performance of PSS/SSS acquisition and CSI-RS acquisition, respectively. According to the evaluation results, we present our views on the delay requirements for cell/TP identification.

2. Evaluation Assumptions for PSS/SSS Acquisition
Table I, II, III, IV show the link level simulation assumptions for the PSS/SSS acquisition agreed in [2]. Regarding the target false detection probability, we assume 0.001 by referring RAN1 evaluation assumption [4].
Table I. Cell Identification Test Parameters
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

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

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

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Carrier frequency
	GHz
	3.5
	3.5
	3.5

	Number of RB’s
	
	6
	6
	6

	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
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	PSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	SSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU30

	Noc Model
	-
	AWGN

	PSS/SSS periodicity
	ms
	40ms, 80ms, 160ms

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Table II. Other Simulation Assumption Parameters for Cell Identification
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or synchronous (by signaling)
	No

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

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence id.

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

	Receive antennas
	2  (uncorrelated)


Table III. Cell Id Combinations to be Simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous


Table IV. PSC, SSC Indices for Simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34

	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


3. Evaluation Results on PSS/SSS Acquisition

CDF curves of number of measurement samples consumed until the successful PSS/SSS acquisition are shown in Fig. 1. The required number of measurement samples, i.e., DRS periods, for 90%ile successful acquisition is summarized in Table V. According to the evaluation results, we could confirm that required number of samples is much less than 15 samples assumed in the current cell identification delay requirement.
In the DRS-based RRM measurement procedure, the DMTC periodicity would be relatively long, e.g., 160 ms. If we keep 15 samples as a required number of samples, the delay requirement in the case of 160 ms DMTC periodicity is 2400 ms which seems too slow. Since the DRS-based RRM measurement is configured with the RRC_CONNECTED UE, the faster detection and measurement for small cells are preferable in terms of the efficient offloading and UE throughput. Therefore, we propose that the delay requirement for PSS/SSS acquisition in the context of DRS based RRM measurement should be based on less than 15 samples.
Observation 1: The required number of samples for 90% successful PSS/SSS acquisition is much less than 15 samples.

Proposal 1: The delay requirement for PSS/SSS acquisition in the context of DRS based RRM measurement should be based on less than 15 samples.
Table V. Number of measurement samples for 90%ile successful acquisition

	
	Test 1
	Test 2
	Test 3

	EPA5
	2
	2
	3

	ETU30
	4
	5
	7
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Figure 1 – CDF of number of measurement samples consumed until the successful PSS/SSS acquisition
4. Evaluation Assumptions for CSI-RS Acquisition

Table VI and VII show the link level simulation assumptions for the CSI-RS acquisition [2]. According to the evaluation results in [5], we focus on Test 2 and Test 3, i.e., Es/Noc = -3 dB and 0 dB. The target false detection probability is set to 0.001. 
Table VI. 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 VII. 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)


5. Evaluation Results on CSI-RS Acquisition
In cases of the CSI-RS with 50 RBs, for both Test 2 and Test 3 conditions, all UEs can identify the target TP, i.e., target CSI-RS configuration, using only 1 measurement sample. This result is aligned with previous RAN1 evaluation results shown in TR 36.872 Section 6.2.1.3 [4]. Although the PSS/SSS-based timing acquisition is needed before performing the CSI-RS acquisition, a few measurement samples would be sufficient according to the evaluation result.
On the other hand, in cases of the CSI-RS with 6 RBs, for both Test 2 and Test 3 conditions, 90% successful acquisition cannot be achieved even using a large number of measurement samples, e.g., 30 samples. Since only the 12 REs, i.e., 2 REs/PRB with 6 RBs, are available for the CSI-RS acquisition, very high SNR condition is needed for the successful acquisition while avoiding the false detection. This result is also aligned with RAN1 evaluation in SCE SI [4].
Observation 2: The required number of samples for 90% successful CSI-RS acquisition is 1 or a few samples in the case of 50 RBs.

Observation 3: The 90% successful CSI-RS acquisition cannot be achieved in the case of 6 RBs even with very large number of measurement samples.

Since we also confirm that the CSI-RS 2 REs/PRB with 6 RBs seems not sufficient for the RSRP measurement with a reasonable number of measurement samples [6], we propose not supporting the CSI-RS 2 REs/PRB with 6 RBs unless RAN1 decides supporting more than 2 REs/PRB for the CSI-RS-based DRS measurement.
Proposal 2: The delay requirement for CSI-RS acquisition using wide measurement bandwidth, e.g., 50 RBs, should be based on a few measurement samples.
Proposal 3: If the CSI-RS with more than 2 REs/PRB is not supported, the CSI-RS acquisition using 6 RBs should not be supported.
6. Conclusion
In this contribution, we showed our evaluation results on PSS/SSS acquisition and CSI-RS acquisition, respectively. According to the evaluation results, we presented our views on the delay requirements for cell/TP identification. 
Proposal 1: The delay requirement for PSS/SSS acquisition in the context of DRS based RRM measurement should be based on less than 15 samples.
Proposal 2: The delay requirement for CSI-RS acquisition using wide measurement bandwidth, e.g., 50 RBs, should be based on a few measurement samples.
Proposal 3: If the CSI-RS with more than 2 REs/PRB is not supported, the CSI-RS acquisition using 6 RBs should not be supported.
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