[bookmark: _Toc92513360][bookmark: _Ref399006623]3GPP TSG-RAN WG4 Meeting #79 	R4-163451
Nanjing, China, 23-27 May, 2016

Source:	Nokia
Title:	On LAA Cell Detection and Measurements
Agenda Item:	5.5.3
Document for:	Discussion
1 Introduction
Cell detection and measurement requirements for LAA have been discussed extensively in the last five RAN4 meetings, but a common understanding on the final form of the requirements has not been reached, even though the core part of LAA work item was closed already three meetings ago. 
Based on the online and offline discussions in the last meeting (RAN4#78bis), the latest form of the requirements was presented in [1]. However, this CR could not be agreed, because companies had different views on how to define a restriction for allowed LBT interruption during measurements/detection.
In this paper we discuss the requirements further and present our view on how to prevent DRS occasions used for cell detection and measurement from spreading to a too long time period.
2 Cell identification and measurement requirements
Cell identification and measurement requirements as presented in [1] are shown below. As agreed in ad hoc minutes in [2], requirements were split to cell identification and measurement requirements instead of current cell detection and measurement requirements. 
When no DRX is in use the UE shall be able to identify a new detectable FS3 intra-frequency cell within the identification time Tidentify_intra_FS3, where the identification time of a cell shall include detection of the cell and additionally performing a single measurement with measurement period of TMeasurement_Period Intra.
Tidentify_intra_FS3 is the intra-frequency period for cell identification as specified in Table 8.11.2.1.1.1-1,
Tmeasure_intra_FS3_CRS is the intra-frequency period for measurements as shown in Table 8.11.2.1.1.1-2,
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]
	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

	NOTE: Discovery signal occasion duration (ds-OccasionDuration) is 1 ms.



Table 8.11.2.1.1.1-2: Intra-frequency measurement requirements under operation with frame structure 3
	H Ês/Iot
	CRS measurement bandwidth [RB]
	CRS Ês/Iot
	Tmeasure_intra_FS3_CRS [ms]

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

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

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

	([1]+M) * TDMTC_periodicity

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

	NOTE: Discovery signal occasion duration (ds-OccasionDuration) is 1 ms.



We think this approach solves the problems that exist with the requirements in the current specifications, and we see no further issues arising from this solution. Therefore, we propose to use the tables that were agreed in the ad hoc minutes.
Proposal 1: Use the cell identification and measurement requirement tables that were agreed in LAA RRM ac hoc in RAN4#78bis.
3 Maximum measurement time
In the last meeting companies discussed, how to restrict cell identification/measurement time from extending too long due to LBT possibly blocking DRS transmission often. Two solutions were proposed in CR drafts during the meeting:
Option 1:
· If the interval between two available measurement occasions is larger than [TBD] seconds, the cell is considered undetectable.
Option 2:
· L ≤ Lmax is the number of configured discovery signal occasions which are not available during Tdetect intra_FS3 for cell detection at the UE due to the absence of the necessary radio signals,
· M ≤ Mmax is the number of configured discovery signal occasions which are not available during Tmeasure_intra_FS3_CRS for the measurements at the UE due to the absence of the necessary radio signals,
· Lmax =4,.
· Mmax=Lmax+2 for measurement bandwidth  25, and Mmax=Lmax+4 for measurement bandwidth <25.
In Option 1, it might be difficult to define the length of the gap between two consecutive DRS. The length should be long enough to prevent restarting cell identification/measurement procedure too often, but at the same time short enough to prevent too long total cell identification/measurement time. It should also be taken into account, that DMTC periodicity might be 40, 80 or 160 ms, which would complicate defining the length of the gap. Option 2 on the other hand does not say what happens after Lmax/Mmax is reached. It should also be noted that in Option 2 the allowed time is variable, because DMTC period may be 40, 80 or 160 ms.
In our view the most flexible solution would be do define a sliding window, within which the used DRS should occur. A very simplified example is shown in Figure 1: UE is required to sample over five DRS, and these five DRS should occur within eight consecutive DMTC periods. Five DRS do not fit within the window that starts from the beginning. As the window is sliding, the “earliest” window containing five DRS is the latter one in the figure.
[image: ]
[bookmark: _Ref450657224]Figure 1: Used 5 DRS occasions should occur within a sliding window with length of 8 DMTC periods.
Proposal 2: Use a sliding window within which DRS occasions used for cell identification and measurements should occur.
The window could be defined in two ways:
1. Same window length for all conditions, where window length is defined in either seconds or DMTC periods.
2. Window length depends on the conditions i.e. on the amount of DRS to be used for cell identification/measurements (shorter window if less DRS are needed and longer window if more DRS are needed).
The first option is much simpler than the second one, but because window length would need to be based on the largest amount of needed DRS, this option would allow different probability of LBT blocking for different amount of sampled DRS (i.e. more LBT blocking allowed if less DRS are used for averaging). For this reason we propose to adjust the window length based on the conditions. 
We propose to make the requirements based on 50 % probability of DRS not being present in a DMTC. This means that the window length should be double the time that identification/measurement would take if LBT never blocks the transmission. We also propose to use DMTC periods as time unit instead of seconds to allow different configurations. In the requirements this would mean for example for Tidentify_intra_FS3 = ([6]+L) * TDMTC_periodicity, that the 6 available DRS occasions should occur within 2×6=12 DMTC periods. If Tidentify_intra_FS3 = ([24]+L) * TDMTC_periodicity, the 24 available DRS occasions should occur within 2×24=48 DMTC periods. 
Proposal 3: Allow 50 % probability of DRS not being present in DMTC in cell identification and measurement requirements, and adjust sliding window length based on that assumption.

In addition to defining a measurement and cell identification window, a similar restriction is needed for LAA SCell activation. Activation delay for LAA SCells is specified as:
Known SCell: Tactivate_basic_FS3 = 16 ms + TDMTC_duration + (L+2) * TDMTC_periodicity
Unknown SCell: Tactivate_basic_FS3 = 16 ms + TDMTC_duration + (L+3) * TDMTC_periodicity
We think the same principle of 50 % LBT blocking should be used for activation. Here the sliding part would be the part after the 16 ms warm up: TDMTC_duration + (L+2) * TDMTC_periodicity for known and TDMTC_duration + (L+3) * TDMTC_periodicity for unknown SCell. 
For activation also a maximum time is needed in addition to the sliding window, because UE needs to send a CSI report to the eNodeB after the time has expired. A suitable maximum time can be discussed in RAN4.
Proposal 4: Define a similar sliding window for DRS occasions used in LAA SCell activation delay, and additionally define a maximum time for LAA SCell activation.
The proposals introduced in this contribution are captured to CRs in R4-163452, Modifications on LAA cell identification and measurement requirements and R4-163453, Modifications on LAA SCell activation delay requirements.
4 Summary
In this contribution we have discussed LAA cell identification and measurement requirements. We have proposed the following about the requirements:
Proposal 1: Use the cell identification and measurement requirement tables that were agreed in LAA RRM ac hoc in RAN4#78bis.
[bookmark: _GoBack]Additionally, we discussed restricting the allowed number of DRS transmission interruptions due to LBT during cell identification and measurements, and proposed the following:
Proposal 2: Use a sliding window within which DRS occasions used for cell identification and measurements should occur.
Proposal 3: Allow 50 % probability of DRS not being present in DMTC in cell identification and measurement requirements, and adjust sliding window length based on that assumption.
Proposal 4: Define a similar sliding window for DRS occasions used in LAA SCell activation delay, and additionally define a maximum time for LAA SCell activation.
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