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1 Introduction
Simulation assumptions for LAA cell identification were agreed in 3GPP RAN4#76bis meeting in Sophia Antipolis in [1]. The purpose of the simulations is to find out if cell identification is possible on single shot DRS, or whether multi shot cell identification is needed in unlicensed carriers. Simulations are done for different channel models (AWGN/ETU5/EPA30) and SINR values (-6, -5, -4, -3, -2, -1 dB). Four different cases were identified in the simulation assumptions with different interfering cells
In this paper we present the results of our cell identification simulations. The metric that is used is T_identify as requested in the simulation assumptions.
2 Cell identification delay
The four cases to be simulated for cell identification purposes are shown in Table 1 and the PSC and SSC indices used are explained in Table 2.
[bookmark: _Ref434845317]Table 1: 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



[bookmark: _Ref434845334]Table 2: 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



In Figure 1 we have collected the T_identify CDFs for all the different cases in AWGN channel. Single shot detection probabilities are further gathered in Table 3, and T_identify i.e. number of DRS occasions needed for cell identification with 90 % probability in Table 4
[bookmark: _Ref434845359]Figure 1: T_identify for Cases 1-4 in AWGN channel.


[bookmark: _Ref434845996]Table 3: Single shot probability for Cases 1-4 in AWGN channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	36 %
	30 %
	32 %
	23 %

	-5 dB
	56 %
	53 %
	66 %
	55 %

	-4 dB
	80 %
	81 %
	84 %
	80 %

	-3 dB
	98 %
	98 %
	98 %
	99 %

	-2 dB
	100 %
	100 %
	100 %
	100 %

	-1 dB
	100 %
	100 %
	100 %
	100 %



[bookmark: _Ref434851318]Table 4: DRS occasions needed for reaching 90 % cell identification probability in AWGN channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	19
	16
	16
	24

	-5 dB
	5
	5
	3
	6

	-4 dB
	2
	2
	2
	2

	-3 dB
	1
	1
	1
	1

	-2 dB
	1
	1
	1
	1

	-1 dB
	1
	1
	1
	1



From the simulation results it can be seen that in AWGN channel, single shot cell identification is possible with >90% probability for SINR ≥ -3dB, while for SINR = -4dB that probability is reduced to ~80%. For -6dB SINR the probability of detecting the cells correctly in a single shot measurement is 23% in worst case. These cell detection probabilities are further increased as several individual attempts are considered over time, as shown in Figure 1 and Table 4 above. For example, for -4dB SINR the cell detection probability is higher than >90% for 2 attempts (T_identify = 2).  [bookmark: _Ref434846084]Figure 2: T_identify for Cases 1-4 in EPA5 channel.

In Figure 2, T_identify CDFs for EPA5 channel can be seen for Cases 1-4. Cell identification probabilities with single shot are gathered in Table 5, and T_identify i.e. number of DRS occasions needed for cell identification with 90 % probability in Table 6.

[bookmark: _Ref434846440]Table 5: Single shot probability for Cases 1-4 in EPA5 channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	77 %
	77 %
	78 %
	78 %

	-5 dB
	82 %
	82 %
	82 %
	82 %

	-4 dB
	86 %
	86 %
	85 %
	86 %

	-3 dB
	89 %
	89 %
	89 %
	88 %

	-2 dB
	91 %
	91 %
	91 %
	91 %

	-1 dB
	93 %
	93 %
	93 %
	93 %



[bookmark: _Ref434851358]Table 6: DRS occasions needed for reaching 90 % cell identification probability in EPA5 channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	8
	8
	7
	7

	-5 dB
	3
	3
	3
	3

	-4 dB
	2
	2
	2
	2

	-3 dB
	2
	2
	2
	2

	-2 dB
	1
	1
	1
	1

	-1 dB
	1
	1
	1
	1



Similar observations as for AWGN channel can be done for EPA5 channel, though with small degradation on cell detection performance for SINR≥-3 dB, but with higher probability of cell detection in a single-shot for SINR<-3dB compared to the AWGN channel. 
[bookmark: _GoBack]In Figure 3 T_identify CDFs for ETU30 channel are shown for Cases 1-4. Cell identification probabilities with single shot are gathered in Table 7, and T_identify i.e. number of DRS occasions needed for cell identification with 90 % probability is shown in Table 8.

[bookmark: _Ref434846962]Figure 3: T_identify for Cases 1-4 in ETU30 channel.

[bookmark: _Ref434846989][bookmark: _Ref434846985]Table 7: Single shot probability for Cases 1-4 in ETU30 channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	42 %
	44 %
	44 %
	43 %

	-5 dB
	50 %
	51 %
	51 %
	50 %

	-4 dB
	57 %
	57 %
	58 %
	58 %

	-3 dB
	65 %
	65 %
	65 %
	65 %

	-2 dB
	71 %
	71 %
	72 %
	72 %

	-1 dB
	77 %
	78 %
	78 %
	77 %



[bookmark: _Ref434851420]

Table 8: DRS occasions needed for reaching 90 % cell identification probability in ETU30 channel.
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6 dB
	18
	17
	16
	17

	-5 dB
	11
	11
	10
	11

	-4 dB
	7
	7
	7
	7

	-3 dB
	5
	5
	5
	5

	-2 dB
	4
	4
	4
	4

	-1 dB
	3
	3
	3
	3



Based on these simulation results it can be seen that in ETU30 channel, single shot cell identification with >90% cell identification probability is not possible with ETU30 channel, but it is possible to achieve >90% with reasonable values of T_identify for SINR ≥ -3dB. 
In [2] it has been indicated that cell identification probability for LAA cells can be relaxed compared to legacy LTE requirements. The direct request for RAN4 was to confirm feasibility of cell detection with a single DRS occasion with SINR side condition and cell detection probability to be decided by RAN4. Single shot cell identification could be achieved either by relaxing cell identification probability or by increasing the minimum SINR level for which the requirements are defined. Hence, based on the RAN1 LS and on the results in Figure 1-3 above, we observe the following:
Observation 1: With AWGN channel, single shot cell identification is possible with 90 % probability if SINR operating point is relaxed to -3 dB.
[bookmark: _Ref434863623]Observation 2: With EPA5 channel, single shot cell identification is possible with 90 % probability when SINR operating point is -2 dB or higher.
[bookmark: _Ref434863625]Observation 3: Based on the simulation results, single shot detection with ETU30 channel does not seem possible with probability of > 90 % for the simulated range of SINR values. It should be noted that 90% probability can be achieved by allowing T_identify > 1 in this case. 
3 Conclusion
In this paper we have presented simulation results for single shot cell identification based on DRS in LAA. Results are based on simulations with four different cases and with three different channel models: AWGN, EPA5 and ETU30. Based on the simulation results we have observed the following:
Observation 1: With AWGN channel, single shot cell identification is possible with 90 % probability if SINR operating point is relaxed to -3 dB.
Observation 2: With EPA5 channel, single shot cell identification is possible with 90 % probability when SINR operating point is -2 dB or higher.
Observation 3: Based on the simulation results, single shot detection with ETU30 channel does not seem possible with probability of > 90 % for the simulated range of SINR values. It should be noted that 90% probability can be achieved by allowing T_identify > 1 in this case. 
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