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1. Introduction
In RAN#79 the general framework for LAA measurements were agreed [1]. How to explicitly take into account the missing DRS transmissions due to LBT and implicitly, how to specify a finite measurement period is not yet agreed. In this paper we discuss how to finalize the specifications for the LAA measurements.
2. Discussion
One of the basic differences between legacy LTE operation in licensed spectrum and LAA in unlicensed spectrum is the absence of certain signals due missing transmissions triggered by listen before talk. As such, the measurement requirements defined for LAA have to take this aspect into account. The general framework for intra-frequency measurements was agreed in [1], however, how to account for missing transmissions due to LBT and avoid an infinite measurement period is still not agreed. Below we discuss how to finalize this aspect in the specifications. The analysis here focuses on intra-frequency measurements but the same rationale can be applied to inter-frequency or CA measurements. 

So far 2 options for considering LBT and avoiding an infinite measurement period were proposed:

Option 1:

Specify a maximum time between 2 DRS instances from the same cell detected by the UE. What this means is that if the UE fails to detect a DRS transmission from a certain cell within a certain amount of time (X ms) then the cell is considered unknown and the UE should restart the measurement procedure from cell identification. If this option is chosen, the question will be determining a suitable X. 
Option 2:
Specify a minimum percentage(Y %) of successful DRS detections. This would mean that within a given time window, a cell would become unknown if the UE could not detect DRS from a certain cell in more than Y% of occasions, it should restart the measurement procedure from cell identification. If this option is chosen, the question will be determining Y.

Below we discuss some pros and cons of these options and propose how to finalize the specifications.

Both options have some commonality since a relationship between X and Y could be derived. If X=n*TDMTC then this would imply that Y=(1\n)*100. If we would take n=8 then X=1.28s for TDMTC =160ms and Y=12.5%. However, the two options are not equivalent. 
From an implementation point of view, option 1 is straight forward as it is clear when a cell becomes unknown. This option also leads to a simple calculation of maximum cell detection time (at least for SCH Es/Iot>=0dB). The detection delay would be 5*X and the measurement period would be 4*X. This option also ensures that the measurement samples are not too far spread out in time so there would be less influence from changes in path loss.
Option 2 is more complicated to implement since there is no clear boundary of the number of DRS occasions for which Y should be applied. This could lead to ambiguities in applying the requirements or when tests are defined. A possible implementation would be for the UE to consider a sliding window of length T=24+L (cell detection delay for the worst case) where T=24*(1/Y). For the example above, T=192 DRS occasions. The major drawback of this option is that the measurements could be very sparse in time (for example 4 samples in the first DRS occasions and 1 sample in the last DRS occasion of the window) leading to inaccurate measurements. Also, the UE could wait for a really long time before re-starting the measurement. 
From the analysis so far Option 1 is easier to implement and could provide more accurate measurements. Hence, we propose to adopt Option 1.

Proposal 1: Specify a maximum time Xms(or number of DRS occasions) between 2 detected DRS occasion as side condition for LAA measurements.

The next question is what should be the right value for X. 
From a mobility point of view, averaging measurements that are too far apart is not desirable because the path loss change will impact the measurement accuracy. The interval between the detected DRS occasions should not be much larger than 1s, preferably around 640ms.
The absence of DRS transmissions is caused by other LAA eNBs using the same channel as the eNB that the UE is trying to measure. If the channel is too busy and a certain eNBs cannot transmit often then even if the UE can measure it and report after a very long time, this is not useful since the actual throughput increase by using that channel would be minimal. Therefore, specifying a long X would not be very helpful. 
Considering the above, we propose to adopt X=16 DRS occasions (based on 4 eNBs sharing the same channel). Actual X in the specifications could be specified in absolute terms based on the longest DMTC periodicity X=16*40ms =640s or as a number of DRS occasions X=16. For longer DMTC periodicity the actual time will be longer but is still at 1.28s for 80ms periodicity. 
Proposal 2: Specify X in terms of number of DRS occasions with X= 16. 
3. Conclusion
In this paper we discussed the side conditions for the LAA measurement requirements. Based on our analysis, in order to avoid an infinite measurement period and trigger the reset of a measurement, we propose the following.
Proposal 1: Specify a maximum time Xms(or number of DRS occasions) between 2 detected DRS occasion as side condition for LAA measurements.
Proposal 2: Specify X in terms of number of DRS occasions with X= 16.
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	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
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	[0] ≤ CRS Ês/Iot
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	[-6] ≤ SCH Ês/Iot < [0]
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	([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.
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