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1 Introduction
LAA cell identification and measurement requirements have been discussed extensively in several RAN4 meetings. In the last meeting, requirements were updated in [1], [2] and [3] for intra-frequency, carrier aggregation and inter-frequency cell identification and measurements.
However, an agreement was still not reached on how to prevent infinite cell identification and measurement time, which the agreed requirements now allow. Two alternative proposals were discussed in the last meeting: 
Option 1: If the interval between two available measurement occasions is larger than TBD seconds, the cell is considered undetectable.
[bookmark: _GoBack]Option 2: Requirements apply if DRS is not absent at the UE in more than TBD % of all DMTC occasions within the cell identification or measurement time (i.e. L and M do not exceed TBD % of all configured discovery signal occasions). 
In this contribution, we discuss the infinite measurement time issue further.
2 Clarification of option 2
Since option 2 did not seem fully understandable to all companies in the last meeting based on our discussion paper [4] and online discussion, we first clarify the proposal a bit further.
The purpose of option 2 is to prevent infinite cell identification and measurement time by defining a maximum total cell identification and measurement time. Maximum time is chosen based on LBT conditions. This means that requirements for cell identification and measurements apply if DRS is not absent in more than X % of DMTC occasions within the total cell identification or measurement time. Hence, the maximum time the UE is allowed to use is dependent on the requirement (i.e. the number of DMTC periods in the requirement tables, for example 6, 24, 2 or 8 below in Table 8.11.2.1.1.1-1).
Table 8.11.2.1.1.1-1: Intra-frequency cell identification requirement under operation with frame structure 3
	SCH Ês/Iot
	CRS measurement bandwidth [RB] Note2
	CRS Ês/Iot
	Tidentify_intra_FS3 [ms]

	[0] ≤ SCH Ês/Iot
	<25
	 [-6] ≤ CRS Ês/Iot 
	([6]+L) * TDMTC_periodicity

	[-6] ≤ SCH Ês/Iot < [0]
	<25
	
	([24]+L) * TDMTC_periodicity

	[0] ≤ SCH Ês/Iot
	
25
	[0] ≤ CRS Ês/Iot

	([2]+L) * TDMTC_periodicity

	[-6] ≤ SCH Ês/Iot < [0]
	
25
	
	([8]+L) * TDMTC_periodicity

	NOTE1 : Discovery signal occasion duration (ds-OccasionDuration) is 1 ms.
NOTE 2: The requirements for measurement bandwidth ≥25 RB are optional.


As an example, maximum cell identification times for Table 8.11.2.1.1.1-1 are shown below in Table 1 for 50 % probability of DRS not being present at the UE. Maximum times for other probabilities (50, 60, 70, 75 and 80 %) are shown in Appendix 1. As can be seen form the tables, the percentage value is just a way to express the maximum time in one sentence instead of adding an extra column to all requirement tables. 
[bookmark: _Ref453062434]Table 1: Maximum intra-frequency cell identification time with 50 % probability of DRS not being available at the UE (option 2).
	Option 2: 50 % probability of DRS not being present during Tidentify_intra_FS3

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	6
	12
	0.48
	0.96
	1.92

	([24]+L) * TDMTC_periodicity
	24
	48
	1.92
	3.84
	7.68

	([2]+L) * TDMTC_periodicityy
	2
	4
	0.16
	0.32
	0.64

	([8]+L) * TDMTC_periodicity
	8
	16
	0.64
	1.28
	2.56



The reason we propose to define maximum cell identification and measurement time dependent on the requirement rather than defining a single maximum time for all requirements is that single maximum time would allow different LBT conditions for different requirements. If there is a single maximum time, this time would need to be adjusted based on the loosest requirement. This would allow really long period with no DRS for the tighter requirements. For this reason the maximum time should be based on LBT condition, and thus be different for different requirements as in Table 1.
The requirement should be based on DMTC periods instead of absolute time in seconds, because the requirements are dependent on the DMTC periodicity even with no LBT failures. 
3 Discussion
The reason to define a maximum time for cell identification and measurements is that the network needs to have an estimate of when to expect the UE to report measurements. Having very long cell identification and measurement times creates long delays and can therefore influence network resource and feature usage such as carrier aggregation. Thus, maximum delay must be in reasonable limits, and known to the network.
[bookmark: _Ref453062639]Maximum cell identification times with different maximum periods between two available DRS occasions are shown in Table 2 for the requirements in Table 8.11.2.1.1.1-1 (option 1). When looking at the maximum cell identification times, it seems that it would be really difficult to choose a maximum period between two DRS, which would be long enough to prevent constant restarting of measurements, but at the same time short enough not to end up to unreasonably long maximum measurement time.
Table 2: Maximum intra-frequency cell identification time with different maximum periods between two consecutive DRS occasions (option 1).
	Option 1: Max cell identification time with different max periods between two DRS occasions [s]

	Tidentify_intra_FS3 [ms]
	Maximum period between two consecutive DRS occasions

	
	0.5 s 
	1 s 
	2 s 
	3 s 
	4 s 
	5 s 

	([6]+L) * TDMTC_periodicity
	2.5
	5
	10
	15
	20
	25

	([24]+L) * TDMTC_periodicity
	11.5
	23
	46
	69
	92
	115

	([2]+L) * TDMTC_periodicity
	0.5
	1
	2
	3
	4
	5

	([8]+L) * TDMTC_periodicity
	3.5
	7
	14
	21
	28
	35



Observation 1: With option 1, it would be difficult to choose a maximum period between two consecutive DRS without ending up to too short period or too long total measurement time.
To further compare the proposals, we have simulated measurement time distribution with different LBT blocking probabilities mathematically. The simulation is done over 200 000 DMTC occasions. DRS is missing in each DMTC with a certain probability (10-90 %), which gives the long-time LBT blocking probability. For option 1 the simulation result is unsuccessful if there is a period longer than maximum allowed period between two consecutive DRS occasions. For option 2 the simulation is unsuccessful if the allowed maximum time is exceeded. 
[image: ][image: ]24 DRS requirement plots for option 1 are in Appendix 2, and plots for option 2 in Appendix 3. For an example, we have picked to compare option 2 with 50 % maximum time (24 DRS within 48 DMTC occasions), and option 1 with 1 second maximum period between two DRS (Figure 1).[bookmark: _Ref454296855]Figure 1: Example measurement time distributions for option 1 and option 2. TDMTC_periodicity = 160 ms, number of DRS = 24, simulated over 200 000 DMTC occasions, where probability of DRS being absent equals 10-90 %.

As can be seen from Figure 1, maximum measurement time is much more predictable with option 2, and with these examples also much shorter. There is a clear limit for the cell identification (measurement) time (7.68 s), and regardless of LBT conditions, the time is not higher than that limit. With option 1 the measurement time is much less predictable, because the simulated measurement times may differ highly from the allowed maximum time, which with 160 ms DMTC periodicity is 23 s in the example.
Observation 2: With option 2 the measurement time is more predictable than with option 1.
With option 2 the allowed LBT conditions can be adjusted based on the maximum measurement time. With this fully mathematical model, the probability of successful measurement is around 50-60 % for the same long time LBT probability to which the maximum measurement time is based on. 90-100 % measurement success probability is reached with 10 % lower long time LBT blocking probability than L or M. I.e. if we want to make sure that measurement success probability is 90 % with 50 % LBT blocking probability over long time, L and M should preferably be set to maximum 60 % of total amount of DMTC. 
Observation 3: With option 2 the allowed LBT conditions can be controlled.
A further challenge regarding option 1 is the fact that it is not known to the network when the UE performs measurements. It may be hard to follow the requirement in case UE accidentally misdetects DRS presence. Having a clear maximum time as in option 2 is independent of when the UE is measuring and thus unambiguous to the network.
Based on this discussion, we highly prefer using option 2. However, it needs to be taken into account that if the maximum times with option 2 are very long, defining only a maximum time would allow a very long gap during the measurement, in case all empty DMTC occasions occur in a row as in Figure 1 below. The maximum cell identification time in the example is 96 * TDMTC_periodicity (max 15.36 s) with the 24 DRS requirement (75 % LBT failure used). Without any extra requirement, this would allow all 72 empty DMTC occasions to occur in a row, and thus there could be even >11 second period without DRS in the middle of the measurement. 
[image: ]
Figure 2: Problem with long maximum time.
Observation 4: Defining only a maximum time could allow very long period without DRS transmission during the measurement.
Thus, in case a high LBT blocking probability - i.e. long maximum measurement time - is allowed, it may be useful to additionally define a maximum period between two consecutive DRS occasions to avoid long periods without DRS transmission during the measurement. However, the maximum period between two DRS would not define the maximum time, which should be less than [maximum period between 2 DRS] * [DRS requirement].
Based on observations 1-4, we propose the following:
Proposal 1: Define maximum cell identification and measurement times by using the percentage approach as in option 2.
Proposal 2: If the chosen maximum cell identification and measurement times are long, introduce additionally a maximum period between two consecutive DRS occasions as in option 1.
When considering the values, we prefer to keep the maximum cell identification and measurement time around 10 seconds for the loosest requirements to avoid very long delays in carrier aggregation. Based on the plots in Appendix 3 and maximum cell identification times in Appendix 1, we propose to use 60 % LBT blocking probability as the basis for L and M.
60 % would allow a maximum period of 36 DMTC occasions without DRS transmission with the 24 DRS requirement. This equals to 5.76 seconds with 160 ms DMTC periodicity. In Appendix 4 we have simulated option 2 with 60 % maximum window combined with different maximum periods between two DRS. Based on these simulations it seems that measurement success probabilities are not impacted if the maximum allowed period is 2 seconds or more. However, the maximum period between two DRS should preferably be defined in DMTC periods rather than seconds to keep the requirements consistent.
Proposal 3: L and M should not exceed 60 % of the total amount of configured discovery signal occasions within Tidentify and Tmeasure.
Proposal 4: The maximum allowed period without DRS transmission during Tidentify and Tmeasure should be long enough not to significantly decrease measurement success probability.
Our CR R4-79AH-0008 captures the changes that are proposed in this contribution. In the CR we have left the values TBD.
4 Summary
In this contribution we have discussed preventing infinite measurement and cell identification time in LAA. The following observations were made:
Observation 1: With option 1, it would be difficult to choose a maximum period between two consecutive DRS without ending up to too short period or too long total measurement time.
Observation 2: With option 2 the measurement time is more predictable than with option 1.
Observation 3: With option 2 the allowed LBT conditions can be controlled.
Observation 4: Defining only a maximum time could allow very long period without DRS transmission during the measurement.
Based on these observations we have proposed the following:
Proposal 1: Define maximum cell identification and measurement times by using the percentage approach as in option 2.
Proposal 2: If the chosen maximum cell identification and measurement times are long, introduce additionally a maximum period between two consecutive DRS occasions as in option 1.
Proposal 3: L and M should not exceed 60 % of the total amount of configured discovery signal occasions within Tidentify and Tmeasure.
Proposal 4: The maximum allowed period without DRS transmission during Tidentify and Tmeasure should be long enough not to significantly decrease measurement success probability.
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Appendix 1: Maximum cell identification times
Option 1
	Max cell identification time with different max periods between two DRS occasions [s]

	Tidentify_intra_FS3 [ms]
	Maximum period between two consecutive DRS occasions

	
	0.5 s 
	1 s 
	2 s 
	3 s 
	4 s 
	5 s 

	([6]+L) * TDMTC_periodicity
	2.5
	5
	10
	15
	20
	25

	([24]+L) * TDMTC_periodicity
	11.5
	23
	46
	69
	92
	115

	([2]+L) * TDMTC_periodicity
	0.5
	1
	2
	3
	4
	5

	([8]+L) * TDMTC_periodicity
	3.5
	7
	14
	21
	28
	35



Option 2
	50 % probability of DRS not being present during Tidentify_intra_FS3 

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	6
	12
	0.48
	0.96
	1.92

	([24]+L) * TDMTC_periodicity
	24
	48
	1.92
	3.84
	7.68

	([2]+L) * TDMTC_periodicity
	2
	4
	0.16
	0.32
	0.64

	([8]+L) * TDMTC_periodicity
	8
	16
	0.64
	1.28
	2.56

	
	
	
	
	
	

	60 % probability of DRS not being present during Tidentify_intra_FS3 

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	9
	15
	0.60
	1.20
	2.40

	([24]+L) * TDMTC_periodicity
	36
	60
	2.40
	4.80
	9.60

	([2]+L) * TDMTC_periodicity
	3
	5
	0.20
	0.40
	0.80

	([8]+L) * TDMTC_periodicity
	12
	20
	0.80
	1.60
	3.20

	
	
	
	
	
	

	70 % probability of DRS not being present during Tidentify_intra_FS3 

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	14
	20
	0.80
	1.60
	3.20

	([24]+L) * TDMTC_periodicity
	56
	80
	3.20
	6.40
	12.80

	([2]+L) * TDMTC_periodicity
	4
	6
	0.24
	0.48
	0.96

	([8]+L) * TDMTC_periodicity
	18
	26
	1.04
	2.08
	4.16

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	75 % probability of DRS not being present during Tidentify_intra_FS3 

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	18
	24
	0.96
	1.92
	3.84

	([24]+L) * TDMTC_periodicity
	72
	96
	3.84
	7.68
	15.36

	([2]+L) * TDMTC_periodicity
	6
	8
	0.32
	0.64
	1.28

	([8]+L) * TDMTC_periodicity
	24
	32
	1.28
	2.56
	5.12

	
	
	
	
	
	

	80 % probability of DRS not being present during Tidentify_intra_FS3 

	 
	Max cell identification time
	Max time with different TDMTC_periodicity

	Tidentify_intra_FS3 [ms]
	L max
	*TDMTC_periodicity
	40 ms
	80 ms
	160 ms

	([6]+L) * TDMTC_periodicity
	24
	30
	1.20
	2.40
	4.80

	([24]+L) * TDMTC_periodicity
	96
	120
	4.80
	9.60
	19.20

	([2]+L) * TDMTC_periodicity
	8
	10
	0.40
	0.80
	1.60

	([8]+L) * TDMTC_periodicity
	32
	40
	1.60
	3.20
	6.40





Appendix 2: Measurement time distribution (Option 1)
[image: ][image: ][image: ][image: ][image: ][image: ]Nbr DRS = 24, TDMTC_periodicity = 160 ms, simulated over 200 000 DMTC occasions

Appendix 3: Measurement time distribution (Option 2)
[image: ][image: ][image: ][image: ][image: ]Nbr DRS = 24, TDMTC_periodicity = 160 ms, simulated over 200 000 DMTC occasions








Appendix 4: Measurement time distribution (Option 1 + Option 2)
[image: ][image: ][image: ][image: ][image: ][image: ]Nbr DRS = 24, TDMTC_periodicity = 160 ms, simulated over 200 000 DMTC occasions
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Option 2: 24 DRS/60 DMTC occasions (L 60 %)
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