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1
Introduction
As captured in [1] the last RAN4 meeting was agreed that RAN4 would focus on verifying the intra-frequency cell identification requirements, which are already captured in TS36.133 with square brackets. The intra-frequency cell identification requirements without assuming any measurement gaps or DRX are defined as 800 ms, which includes 200 ms measurement period for RSRP measurements. SNIR levels for the requirement were one of the aspects that would still need to be verified. It was also agreed in the last RAN4 meeting that priority for further work on intra-frequency cell identification requirements would be given to asynchronous case (i.e. not time aligned) with an assumption that UE is not explicitly told that networks is asynchronous or not.   

In this contribution we discuss intra-frequency cell identification test case aspects further. As a baseline for our test case discussion we use the agreements made in the last RAN4 meeting. We also present some additional results for intra-frequency cell identification simulations without RSRP measurements, which are still needed for event-triggering purposes. 
2
Test Cases

Intra-frequency cell identification simulations have been performed with the simulation assumptions agreed in [2]. The agreed simulation assumptions have three cells present. The relative power differences used in [2] between cells are also given in Table 1. Only the Cell 3 is assumed to be unknown in the simulations. 

Table 1: Cell Identification Test Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

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

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

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Ior/Ioc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	Propagation Condition
	-
	AWGN, PA5, ETU5, ETU300

	Ioc Model
	-
	AWGN

	NOTE :
The Ior/Ioc values are consistent with the UMTS Type 3i simulation assumptions

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


The agreed simulation assumptions with the asynchronous cells could be used as a starting point for developing the first intra-frequency cell identification test case as well. However, before concluding details for radio propagation conditions, the number of cells, geometries and final power levels for cells in the test it is also important to consider some testability aspects. Next we have briefly listed a few aspects to be considered further in RAN4. Some guidance from RAN5 may also be needed. 
Asynchronous network assumption (i.e. not time aligned cells) should help test case implementation and requirement setting as different synchronisation channel combinations will not cause large variety in cell identification results in this case unlike in synchronous case. So also from the testing perspective asynchronous test case seems more feasible and attractive starting point. 

The geometry levels between Cell2 and Cell3 in Table 1 are quite small especially in some cases (e.g. 0.29 dB vs. 0.25 dB). This may set some challenging in event triggered reporting criteria setting in the test case as in most cases either Cell2 or Cell3 could trigger a correct event to be reported. It will be difficult to set such event triggered reporting criteria where only one of the cells e.g. Cell 3 would trigger a certain RSRP level based event. There are at least two ways of improving the situation; by ensuring sufficiently large level differences between the cells or reducing the number of cells in the test case e.g. to two cells. In the Annex A and Annex B we compare cell identification performances in the 3-cell and 2-cell scenarios at the same SNIR levels and in the same multipath propagation conditions (ETU5). The results seems to indicate that at the same SNIR levels and with the same multipath propagation condition the cell identification performance in asynchronous scenario would remain more or less the same. This would support test case simplification as it would not degrade performance verification. It is worth noting that while these simulation results can be used for comparing performance in the 2-cell and 3-cell scenarios they are rather idealistic and therefore cannot directly be used for verifying the UE minimum cell identification requirements.
When event-triggered reporting criteria are considered it is also important to consider RSRP measurement inaccuracies. UE measurement inaccuracies in AWGN conditions are defined in the Section 9 of TS36.133. For relative RSRP accuracy requirements numbers in square brackets are also included to the specifications. Since typically relative intra-frequency measurement accuracy requirements are significantly better than absolute accuracy requirements, it would seem attractive to define event-triggered reporting criteria in the test case based on relative RSRP difference between the serving cell and cell in question. In Table 1 the serving cell could be considered to be the Cell1, which is the strongest cell. 
In addition to UE measurement inaccuracies in AWGN conditions caused by various UE implementation aspects we should also consider RSRP level variation due to fading conditions. Especially in case of very low Doppler frequencies RSRP level variation after 200 ms L1 measurement filtering is likely to be quite significantly even if ideal UE filtering was assumed. RAN4 has so far assumed that the UE will filter at least four RSRP samples distributed evenly over 200 ms. In order to minimise remaining RSRP measurement results variation after 200 ms filtering using 4 samples per 200 ms in the simulations it would seem attractive to use moderate Doppler frequency assumption like 70 Hz in the test case instead of 5 Hz Doppler frequency. Although moderate Doppler frequency is selected for a test case it may still be necessary to consider whether 90 % success rate is well suited for fading test case or whether low success rate should be considered in order to avoid large margins in cell power level differences and selected event triggered reporting criteria. 
Test equipment measurement uncertainties and practical test tolerances are also something to consider when developing RRM test cases. From the UTRA RRM test case development we know that it is not possible to set e.g. cell CPICH powers perfectly to the level that the RAN4 RRM test cases require. Variation in cell CPICH levels may also cause undesired events to be reported during the tests. Therefore, in the UTRA RRM test cases test tolerances are not only added to the actual UE reports but also to the power levels set in the test cases. In this way it is possible to ensure that test equipment uncertainties (errors) will not trigger any unwanted events. We see that similar test tolerances will also need to be included to the E-UTRA RRM test cases. In order to allow RAN5 to include test tolerances to cells power levels it is important especially in intra-frequency test cases that RAN4 will leave room for test tolerances i.e. does not have too many (stronger) cells present in the test cases as intra-frequency cell powers will always affect each others geometry levels, at least indirectly. In intra-frequency test cases there cannot be infinite number of detectable and measurable cells simultaneously present. 
In order to make it easy to evaluate correct and timely event-triggered reporting in the test case it may be necessary to assume two time phases in the test case. In the first phase T1 only the known cells, which means at least the serving cell, will be present. Then in the start of the second T2 a new cell, which is supposed to trigger an event, will appear.   

3
Simulations for test case purposes
While it is important to ensure that test cases verify minimum performance requirements it is still important to perform simulations with agreed test case assumptions. RRM test cases typically have many different elements like actual cell identification and RSRP measurements and measurement reporting included. As so far multiple path fading conditions have been considered for the purposes of UE intra-frequency cell identification, implications of dynamic radio propagation conditions and remaining uncertainties e.g. in UE RSRP measurement results need to be carefully considered and simulated in addition to actual measurement inaccuracies for which minimum UE requirements are defined in AWGN conditions. 

It could be discussed whether it would be beneficial to simply the test case by reducing the number of cells from three to two and simulate two cell scenario in addition to three cell scenario. Alternatively, some of the cell levels in the 3-cell scenario could be adjusted. In the Annex A we present cell identification results in the AWGN, EPA5, ETU5 and ETU300 radio propagations in the agreed asynchronous scenario [2]. As discussed in Section 2 in the Annex B we present initial cell identification comparison between the original 3-cell and simplified 2-cell scenario. The results are more or less the same for the same SNIR levels. 
As discussed in Section 2, it might also be beneficial to consider moderate Doppler frequency like 70 Hz rather than very low Doppler frequency like 5 Hz for multipath propagation conditions in order to reduce measurement uncertainties in the RSRP results caused by the fact that UE RSRP filtering over 200 ms is not sufficient to remove all fast fading effects. 

4
Conclusions
In this contribution we have considered testing aspects for the purposes of developing the first intra-frequency cell identification test case. Based on our initial analyses we see that the following aspects should be considered further before deciding the test case details: 
· Cell level differences needed to be sufficient to ensure correct event trigger reporting even with UE measurement inaccuracies, test equipment uncertainties and dynamic radio propagation conditions.

· Changes to the cell levels in [2] may needed to be considered. Also the number of cells in the test case could be reconsidered to facilitate test case development.

· Moderate Doppler frequency should be used in the test case in order to minimise uncertainties caused by remaining variation in RSRP levels after 200 ms measurement filtering.
· Practical test tolerance discussion could be initiated with RAN5 to minimise changes to the test case later on.

· In order to make it easy to evaluate correct and timely event-triggered reporting in the test case it may be necessary to use two time phases in the test case. 
· In the first phase T1 only the known cells, which means at least the serving cell, will be present. Then in the start of the second T2 a new cell, which is supposed to trigger an event, will appear.   

Based on the priorities RAN4 agreed in the last meeting we propose that the first intra-frequency cell identification test case has non time aligned cells and that UE is not be explicitly told that networks is asynchronous or not.   

In the document we have also discussed that some further simulations are needed to make sure that the general UE requirements on various areas like cell identification time and RSRP measurement accuracies are correctly covered by the test case
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Annex A: Simulation results for 3 cells
This section presents simulation results for the asynchronous simulation scenario agreed in [2]. The main simulation scenarios are as agreed in [2] and also given in the Table 1 of Section 2. The simulated synchronisation channel sequences are given in Table 2. The simulations are rather idealistic and no RSRP measurements are assumed in the simulations.
Table 2: Synchronisation channel sequences in each simulation case
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table 3: PSC, SSC indices
	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


	AWGN
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Figure 1 Identification results in AWGN conditions with 3 cells as functions of SNIR levels
	EPA5
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Figure 2 Identification results in EPA5 conditions with 3 cells as functions of SNIR levels
	ETU5

	[image: image3.png]130

120

ms)

(

100

920

80

70

FULL: 90% Cell Search Time

60

50

FULL: MultiCell, Noncoherent SSCH detection, ETUS

caseb
——-- caseb
—*+—case7
—5—case8

7
SINR [dB]

-6.5







Figure 3 Identification results in ETU5 conditions with 3 cells as functions of SNIR levels
	ETU300

	[image: image4.png]s)

FULL: 90% Cell Search Time (m

70

o
&

@
3

o
o

o
3

IS
o

IS
=

@
&

30

FULL: MultiCell, Noncoherent SSCH detection, ETU300

caseb
——-- caseb
—*+—case7
—5—case8

-7 -6.5 -6
SINR [dB]







Figure 4 Identification results in ETU300 conditions with 3 cells as functions of SNIR levels
Annex B: Simulation results for 2 cells

In this section we present intra-frequency cell identification simulation results for a scenario, which is simplified for testing purposes. In this scenario compared to the one presented in Annex A there is only the known (serving) cell Cell1 and cell to be identified Cell3 present. Like the results presented in Annex A also these results are obtained using rather idealistic assumptions and no RSRP measurements are assumed in the simulations.
In the cell identification simulations the serving cell is the one that causes interferences to the identification of Cell3. As discussed in the Section2 of this document e.g. controlling of correct event triggering becomes simpler in a test case if there are not more than one cell with similar RSRP power level. Additionally based on earlier feedback from RAN5 it is our understanding that the reduction of number of cells in a test case would be desirable especially if performance verification aspects are not significantly reduced. 
Table 4: Cell Identification Test Parameters

	Parameter
	Unit
	Cell 1
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Data and Control PSD relative to RS EPRE
	dB
	0
	0

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

	Number of RB’s
	
	6
	6

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

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

	Ior/Ioc
	dB
	5.18
	Test 1:  -1.5

Test 2:  -2.5

Test 3:  -3.5

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

	Number of Tx antennas
	-
	1
	1

	P-SCH Sequence ID
	-
	See Table 3, 4
	See Table 3, 4

	S-SCH Sequence ID [2]
	-
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	ETU5

	Ioc Model
	-
	AWGN

	NOTE :
The Ior/Ioc values are consistent with the UMTS Type 3i simulation assumptions



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




Table 5: Synchronisation channel sequences in the simulation case

	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Scenario

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous


Table 6: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc3
	34


	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc3a, ssc3b)
	(7, 9)
	37


When comparing the ETU5 results of the 3-cell scenario in the Figure 3 of Annex A with the corresponding ETU5 results of the 2-cell scenario in Figure 5 we can observe that the results are more or less the same for the same SNIR level. It should be noted that Îor/Ioc levels should be adjusted in the 2-cell scenario in order to have the same SNIR levels of -6, -7 and -8 dB like in the 3-cell scenario (i.e. comparable scenarios). This comparison also indicates that asynchronous scenario is not that sensitive to test case simplifications as long as SNIR levels are kept unchanged. 
	ETU5
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Figure 5 Identification results in ETU5 conditions with 2 cells as functions of SNIR levels














































































































































































