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1 Introduction

In the last RAN4 meeting (RAN4#44bis) it was agreed to further evaluate cell identification performance for additional synchronous scenarios [1]. The results are provided in this paper according to these agreed assumptions. 

2 Simulation Scenario
2.1 Simulation Parameters 
The results are based on RAN4 agreed simulation assumptions for both synchronous and asynchronous scenarios [1]. The simulation parameters and P-SCH/S-SCH sequence configurations are shown in tables 1 and 2 respectively.
Table 1: Summary of simulation 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

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

	System BW
	MHz
	1.25
	1.25
	1.25

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous): 2 values (see table 2)
	μs
	0
	0
	2.50651 μs and 0 μs

	2) Relative Delay of 1st Path (asynchronous)
	μs
	0
	No overlap with Cell 1 and Cell3
	No overlap with Cell 1 and Cell2

	Ior/Ioc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Ior3/(Ior1+ Ior2+Ioc)
	dB
	-
	-
	-6, -7, -8

	Number of Tx antennas
	-
	1
	1
	1

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

	Propagation Condition
	-
	AWGN, EPA5, ETU200 

	Ioc Model
	-
	AWGN

	Note 1: Ioc value doesn’t include the three simulated eNB signals’ power


Table 2: SCH sequences in different cells: synchronous and asynchronous scenarios 

	Configuration
	Cell 1 offset to Cell 3
	Cell 1
	Cell 2
	Cell 3

	1
	CP/2
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc1, ssc3a, ssc3b)

	2
	CP/2
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc1, ssc1a, ssc3b)

	3
	CP/2
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc3, ssc1a, ssc1b)

	4
	0
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc1, ssc3a, ssc3b)

	5
	0
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc1, ssc1a, ssc3b)

	6
	0
	(psc1, ssc1a, ssc1b)
	(psc2, ssc2a, ssc2b)
	(psc3, ssc1a, ssc1b)

	7
	No overlap between cells
	Asynchronous scenario
	Any sequence unknown to UE

	Note: CP length = 4.7 μs


2.2 SCH Parameters and Detection Procedures
The SCH related parameters and procedure of SCH detection are summarized in table 3.  In the simulation at each search instant the UE searches for asynchronous and synchronous cells. The information obtained from one sync frame is used for asynchronous cell detection but two sync frames are used for synced cell detection. One reason for using different averaging/algorithm for asynchronous and synchronous scenario is because use of different averaging approach seems to give better overall performance. The cell search algorithm is purely UE specific so it is up to UE implementation, if necessary, to blindly detect whether cells are synchronous or asynchronous and consequently use the appropriate algorithm/averaging etc. More details on cell search can be found in [2].
Table 3: Parameters related to SCH detection 

	Parameters
	Value
	Comments

	P-SCH sequence 
	-
	According to RAN1 specification

	S-SCH sequence
	-
	According to RAN1 agreement in RAN1#51bis

	S-SCH scrambling
	2 stage scrambling
	i) The S-SCH scrambled as a function of P-SCH, and

ii) Second short S-SCH code scrambled as a function of first short S-SCH code

	P-SCH correlation: asynchronous and synchronous scenarios
	-
	Floating point correlation in time.

	Number of P-SCH symbols for timing detection
	1
	Timing information used for S-SCH detection

	Number of S-SCH symbols for S-SCH sequence detection: asynchronous case
	1 (S-SyS symbols)
	Min cell identification time = 5 ms

	Number of S-SCH symbols for S-SCH sequence detection: synchronous case
	2 (S-SyS symbols)
	Min cell identification time = 10 ms

	Cell search duty cycle
	(21 %
	The percentage of time UE searches cell


3 Simulation Results
The intra-frequency cell identification is the time required by the UE to fully identify the cell (cell 3 in this case) by detecting P-SCH and S-SCH sequences. The cell identification delay shown in the figures in this paper is purely cell identification delay, i.e. it does not include any time to measure UE measurement quantity such as RSRP. 

In this simulation cell 3 as defined in table 1 is to be identified in both asynchronous and synchronous scenarios.
The simulation results in terms of 90th percentile cell identification delay without any implementation margin versus geometry factor are shown in figures 1-3. The figure shows at very high geometry (high SNR) the UE is able to identify cell within a frame. However as expected at low geometry values cell ID detection requires longer delay. 
The results show that in synchronous scenario the cases 4, 5, 6 (i.e. with 0 (s time offset between all cells) are better than cases 1, 2, 3 (i.e. with CP/2 time offset between cell 1 and cell 3) in terms of cell detection performance. Indeed perfect synchronous case does not appear to be the worst case scenario. One possible explanation could be that in cases 4, 5, 6 the possibility of using a priori timing information from the known cells helps in minimizing the phase shift in channel estimation, which in turn improves the channel estimation and eventually speeds up cell detection process. Furthermore, case 6 within perfect synchronous scenario (0 (s delay between cells) and case 3 overall (synch and asynchronous) leads to worst performance. The possible reason is that the identical S-SCH is used in cells 1 and 3. 
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Figure 1: Cell identification delay: 90th percentile (ETU200)
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Figure 2: Cell identification delay: 90th percentile (EPA5)
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Figure 3: Cell identification delay: 90th percentile (AWGN)

4 Summary
In this paper we have provided revised simulation results on cell identification delay in intra-frequency and non DRX scenario. We suggest these results are taken into consideration when setting the requirements. 
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