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1 Introduction

In the last meeting it was agreed to perform link simulations to study the impact of eICIC TDM patterns on the intra-frequency RSRP and RSRQ measurement accuracies [1]. The results for the RSRP and RSRQ are provided in [2]. 

In this paper we discuss the need for studying the cell identification performance under restricted sub-frames for measurements. 

2 Analysis of Cell Search Requirements for eICIC

The intra-frequency cell identification delay consists of:

· PCI decoding delay

· L1 measurement period

The PCI decoding, which is based on PSS/SSS which are transmitted in sub-frames # 0 and # 5 are always available under restricted sub-frames for measurement when eICIC is used. The PSS/SSS of the cell to be identified will typically collide when cells are synchronized. This will cause interference from the aggressor cell. This has also been observed in [3]. 
Depending upon the implementation, the UE may also use CRS for performing the verification of the identified cell.  

Furthermore the overall cell identification delay requirements specified in TS 36.133 also the RSRP/RSRQ L1 measurement period. Any increase in the L1 period (as proposed in [4]) would also result in the increase of the cell identification delay. 
We therefore propose that link simulations are performed to study the cell identification performance under the restricted sub-frames.  
3 Proposed Simulation Assumptions and Modelling
The proposed assumptions for studying the intra-frequency cell identification requirements are based on earlier RAN4 work on the cell identification in release 8 [5]. It addition the assumptions for RSRP/RSRQ are based on the link simulation work being carried out for eICIC [1]. The latter are required to account for the fact that the cell identification delay also include RSRP/RSRQ L1 period. 

3.1 Assumptions related to PSS/SSS: measured and interfering cells
Tables 1-3 provide assumptions related to the PSS/SSS, which are based on [5]. 
Table 1: Link Simulation Parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Cell type
	
	Aggressor
	To be identified

	Data and Control PSD relative to RS PSD
	dB
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0

	System bandwidth
	
	6
	6

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1

	DRX
	
	OFF
	OFF

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

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

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	3.0 ms

	SNR
	dB
	5 and 10
	0 -3, -6

	Number of Tx antennas
	-
	1
	1

	TDD Uplink-downlink configuration
	
	1
	1

	TDD Special sub-frame configuration
	
	4
	4

	Number of Rx antennas (uncorrelated with equal gain)
	
	2
	2

	Propagation conditions
	
	AWGN, PA5, ETU70


Table 2: SSS sequences in different cells

	case #
	Cell 2
(Desired Cell)
	Cell 1

(Interferer 1) 
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	Asynchronous


Table 3: PSS, SSS indices for simulations

	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


3.2 Assumptions related to CRS: measured and interfering cells
There is one measuring cell (i.e. cell to be measured) and one interfering cell. The following 2 cases are considered as agreed in [1]:

· Option 1: Measuring cell SNR = 0 dB, Interfering cell SNR = 5 to 10 dB

· Non-MBSFN case:

· ABS subframe CRS SINR =  0 dB 

· Normal subframe CRS SINR = [-10.4 to -6.2] dB

· MBSFN case:

· Without CRS collision

· Symbol 0 CRS SINR = 0 dB

· Symbol 4, 7, 11 CRS SINR = 0 dB

· With CRS collision

· Symbol 0 CRS SINR = [-10.4 to -6.2] dB

· Symbol 4, 7, 11 CRS SINR = 0 dB

· Option 2: Measuring cell SNR = -6 dB, Interfering cell SNR = 5 to 10 dB

· Non-MBSFN case:

· ABS subframe CRS SINR =  -6 dB 

· Normal subframe CRS SINR = [-16.4 to -12.2] dB

· MBSFN case:

· Without CRS collision

· Symbol 0 CRS SINR = -6 dB

· Symbol 4, 7, 11 CRS SINR = -6 dB

· With CRS collision

· Symbol 0 CRS SINR = [-16.4 to -12.2] dB

· Symbol 4, 7, 11 CRS SINR = [-6] dB
Assumptions on interfering cell are:
· It is assumed there is no CRS collision when non-MBSFN ABS pattern is configured
· It is assumed there are two cases for MBSFN ABS patterns:

· With CRS collision
· With no CRS collision
For certain simulated cases the measured cell SINR of the PSS/SSS will become lower than -6 dB, which is the detection level down to which the existing intra-frequency cell identification requirements are applicable in release 8. 

3.3 Candidate eCIC TDM patterns

The candidate eICIC patterns to be considered in the analysis are defined in [6]:

· Non-MBSFN ABS patterns for E-UTRA FDD and E-UTRA TDD

· MBSFN ABS patterns for E-UTRA FDD and E-UTRA TDD
4 Performance Metrics
The results should be presented in terms of the cell identification delay (T_identify) as a function of SINR. The cell identification delay is the time required by the UE to fully identify the cell (cell 2 in this case) by detecting PSS/SSS sequences and including the L1 period. More specifically the results are expected for:

· The 90th percentile of the intra-frequency cell identification delay as a function of SINR

· Mean intra-frequency cell identification delay as a function of SINR
5 Timeline

It is proposed that the results are provided in the April meeting (RAN4#58AH).
6 Summary
In this paper we have proposed a set of link simulation assumptions for studying the intra-frequency cell identification under the restricted eICIC TDM patterns for FDD and TDD. 
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