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1 Introduction
In last Beijing meeting, there are some progress on LAA in RAN1 and RAN2. The achieved agreements related DRS and RSSI are duplicated as follows in order to facilitate the discussion. 

	RAN1 Agreements:
· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS
· FFS: other alternatives




	RAN1 Agreements:
· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE

· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
· The RSSI measurement timing configuration may be independently configured from the DMTC

· Note that RSSI is different from the existing RSSI
· FFS averaging granularity
· FFS additional RSSI measurement gap


	RAN1 conclusions:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain

· PAPR should be evaluated
· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded


	RAN2 Agreements

1
A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window.

4
Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA


	RAN2 Agreements

1
The NW configures one DMTC for all neighbor cells as well as for the serving cell (if any) in one frequency (as for Rel-12 DRS mechanism)

5
Periodical reporting is supported for LAA RRM measurements, 

6
Reporting events A1/A2/A4/A6/C1/C2 are supported on LAA SCells 


This contribution provides further discussion on the RRM measurements in LAA.
2 Discussion
2.1 RRM measurements
In Rel-12 when UE identified a cell in the first time, afterwards it could perform RSRP/RSRQ measurements on the REs used for CRS transmission in the cell. However for LAA SCell measurements, due to the non-guaranteed transmission opportunities, UE shall perform cell identification every time. So cell identification and RSRP/RSRQ measurements shall be completed on a single DRS occasion. It is also agreed in RAN1 that LAA DRS design should allow the UE to be able to detect the presence of DRS from a cell based on a single DRS occasion.
The typical evaluation steps shall be:

- Derive side condition (SINR) for DRS measurements based on system-level simulation

- Evaluate one-shot DRS measurements based on link-level simulation

· Side condition (SINR)

In R12 small cell enhancement, the SINR is derived from the following methodology,

· The three strongest cells observed by UE is logged on condition that the span of the powers between the strongest and the weakest cells is within [6dB];

· Find out the 5% SINR of the three strongest cells;

Based on the simulation results provided by majority companies, the side condition of SINR is set to -6dB.
In LAA, LBT procedure was introduced. The coming issue is that whether it would change the interference modelling compared with SCE. 
The following content was captured in TR 36.889:

An LBT procedure applied at different nodes belonging to the same operator may result in these nodes not transmitting on the channel simultaneously. This may not be desirable in some planned operator networks where reuse of the same carrier frequency for simultaneous transmissions by neighbouring nodes can improve performance. It has therefore been identified that enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design and that this aspect should be taken into account in the design of the LBT procedure.
It means that if the same frequency reuse for simultaneous transmission could be supported, the interference phenomenon during LBT could resemble with SCE. So we suggest that reusing the side condition for DRS based measurements in SCE could be as a starting point when considering SINR in LAA.
Proposal1: The side condition for DRS measurements in LAA could reuse -6dB as SCE.

· RSRP accuracy
In RAN1, the candidates of PSS/SSS design either repeated in frequency domain or in time domain are under discussion. So it is a bit earlier to evaluate the cell identification performance in RAN4 since the synchronization signal in LAA is not finalised yet.

In the following, the RSRP measurement performance evaluation are carried out based on two DRS design candidates

· Candidate 1: Rel-12 DRS for FDD

· Candidate 2: 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

Although the minimum transmission bandwidth is 5MHz in LAA, measurement bandwidth depends on the UE implementation which is not more than the transmission bandwidth. In other words, the measurement bandwidth could be 1.4MHz, 5MHz, 10MHz, etc..

Table1and 2 show the RSRP accuracy when candidate 1 and candidate 2 are applied respectively. The simulation assumptions are listed in Annex.
Table1. RSRP accuracy with DRS structure candidate 1
	Channel
	BW
(Hz)
	RSRP (Rel-12 DRS for FDD)

	
	
	SNR = -8dB
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative

	AWGN
	1.4M
	-3.83 
	4.45 
	-5.44 
	-2.48 
	3.46 
	-3.61 
	-1.84 
	2.70 
	-2.68 
	-0.89 
	1.66 
	-1.37 

	
	5M
	-1.72
	2.52
	-2.59
	-0.92
	1.95
	-1.56
	-0.7
	1.47
	-1.16
	-0.43
	0.9
	-0.66

	
	10M
	-1.09
	1.92
	-1.68
	-0.79
	1.48
	-1.23
	-0.5
	1.1
	-0.81
	-0.26
	0.62
	-0.45

	
	20M
	-0.8
	1.49
	-1.24
	-0.52
	1.05
	-0.85
	-0.4
	0.79
	-0.63
	-0.19
	0.47
	-0.32

	EPA5
	1.4M
	-4.27 
	5.09 
	-5.01 
	-3.73 
	3.87 
	-3.89 
	-3.28 
	3.54 
	-3.49 
	-1.90 
	1.67 
	-1.94 

	
	5M
	-2.78
	2.61
	-2.91
	-2.01
	1.94
	-2.08
	-1.57
	1.33
	-1.63
	-0.83
	0.73
	-0.84

	
	10M
	-2.24
	1.9
	-2.28
	-1.52
	1.27
	-1.54
	-0.92
	0.97
	-0.95
	-0.52
	0.54
	-0.53

	
	20M
	-1.49
	1.42
	-1.6
	-0.96
	0.86
	-0.99
	-0.77
	0.64
	-0.8
	-0.36
	0.38
	-0.35

	ETU30
	1.4M
	-5.88 
	4.20 
	-6.15 
	-4.64 
	3.24 
	-4.64 
	-4.18 
	1.95 
	-3.94 
	-2.93 
	1.08 
	-2.47 

	
	5M
	-3.67
	2.06
	-3.55
	-2.76
	1.33
	-2.43
	-2.27
	0.79
	-1.82
	-1.78
	0.3
	-1.24

	
	10M
	-2.58
	1.13
	-2.23
	-2.07
	0.76
	-1.63
	-1.73
	0.49
	-1.22
	-1.41
	0.11
	-0.9

	
	20M
	-2.08
	0.83
	-1.65
	-1.74
	0.43
	-1.25
	-1.56
	0.22
	-1.03
	-1.29
	-0.03
	-0.76


Table2. RSRP accuracy with DRS structure candidate 2
	Channel
	BW
(Hz)
	RSRP （2 symbols）

	
	
	SNR = -8dB
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative

	AWGN
	1.4M
	-4.09 
	5.49 
	-6.26 
	-3.67 
	4.54 
	-5.16 
	-2.42 
	3.38 
	-3.52 
	-1.13 
	2.24 
	-1.81 

	
	5M
	-2.69
	3.32
	-3.76
	-1.7
	2.56
	-2.47
	-1.14
	2
	-1.71
	-0.57
	1.22
	-0.93

	
	10M
	-1.63
	2.59
	-2.41
	-1.18
	1.91
	-1.77
	-0.77
	1.52
	-1.23
	-0.39
	0.91
	-0.67

	
	20M
	-1.11
	1.99
	-1.77
	-0.67
	1.44
	-1.11
	-0.5
	1.08
	-0.84
	-0.31
	0.61
	-0.49

	EPA5
	1.4M
	-5.45 
	6.38 
	-6.62 
	-5.19 
	5.35 
	-5.65 
	-3.90 
	4.31 
	-4.35 
	-2.66 
	2.43 
	-2.77 

	
	5M
	-3.59
	3.39
	-3.93
	-2.86
	2.54
	-3.02
	-1.98
	2
	-2.07
	-1.15
	1.17
	-1.18

	
	10M
	-2.78
	2.56
	-2.98
	-1.87
	2
	-1.98
	-1.51
	1.39
	-1.53
	-0.76
	0.82
	-0.82

	
	20M
	-1.75
	1.8
	-1.92
	-1.41
	1.26
	-1.48
	-0.91
	0.97
	-0.95
	-0.58
	0.48
	-0.56

	ETU30
	1.4M
	-5.98 
	5.17 
	-6.53 
	-5.98 
	3.97 
	-6.22 
	-5.52 
	2.93 
	-5.43 
	-3.34 
	1.63 
	-2.88 

	
	5M
	-4.04
	2.67
	-4.06
	-3.57
	1.96
	-3.32
	-2.63
	1.34
	-2.19
	-1.96
	0.49
	-1.45

	
	10M
	-3.26
	1.88
	-2.95
	-2.87
	1.35
	-2.45
	-2.11
	0.85
	-1.6
	-1.66
	0.27
	-1.16

	
	20M
	-2.38
	1.34
	-2.07
	-2.03
	0.72
	-1.61
	-1.76
	0.45
	-1.22
	-1.4
	0.09
	-0.89


Based on the simulation results of Table 1 and Table 2, the following observations are obtained:

1) When Rel-12 SCE DRS is applied, the measurement accuracy could not be satisfied with 6RBs measurement bandwidth in one shot.

2)  When 2 DRS symbols design is applied (4 OFDM symbols: CRS/SSS/PSS/CRS), the measurement accuracy could not be satisfied with 6RBs and 25RBs measurement bandwidth in one shot.

In order to support that RSRP/RSRQ measurements are completed on a single DRS occasion, the potential options are increasing measurement bandwidth or design DRS with dense density.
Observation1: When Rel-12 DRS is applied, the measurement accuracy could not be satisfied with 6RBs measurement bandwidth in one shot.

Observation 2: When 2 DRS symbols design is applied (4 OFDM symbols: CRS/SSS/PSS/CRS), the measurement accuracy could not be satisfied with 6RBs and 25RBs measurement bandwidth in one shot.

Proposal2: In order to support that RSRP/RSRQ measurements are completed on a single DRS occasion, the potential options are increasing measurement bandwidth or design DRS with dense density.

2.2 RSSI measurements 

It was agreed in RAN2 that Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA. For average RSSI, it sounds straight forward that the RSSI would be averaged during the measurement period. However for the channel occupancy percentage, the methodology needs to be discussed.
2.2.1 Methodology 
Intuitively calculating percentage of time that RSSI above a threshold could be performed as depicted in the Figure 1. Within an observation window, the UE could calculate the percentage of RSSI measurement values exceeding a threshold and report the percentage to network on the report occasion. The network could collect the reports from multiple UEs, and compare them with the RSSI results measured by eNB itself. One purpose is to detect if hidden nodes exist in the channel, and another purpose is to decide whether the channel should be used to deploy LAA SCell.
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Figure 1: RSSI measurement
In the last meeting it is agreed in RAN1 that the timing where the UE may perform RSSI measurement should be indicated to the UE”. So the further understanding could be illustrated in Figure 2. If the timing pattern for RSSI measurement was configured, the UE may calculate the percentage over the samples obtained with several RSSI measurement timing window in the observation window. In other words, the UE calculate the percentage of samples over a threshold within the observation window which may comprise several RSSI measurement timing windows. One simple definition is that measurement observation window could also be identical with measurement reporting period. 

Proposal 3: Measurement observation window could be identical with measurement reporting period. 
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Figure 2: RSSI measurements with measurement timing
Considering the UE may need measurement gap to perform RSSI measurement, we suggest that the measurement timing configuration shall be compliable with gap configuration or be times of measurement gap. This resemble with the relationship between DMTC window and measurement gap in SCE in R-12.
Proposal 4: RSSI measurement timing configuration shall be compliable with gap configuration or be times of measurement gap.

2.2.2 RSSI accuracy
· Average RSSI
In the starting stage of Rel8 LTE, there are some discussions on RSSI accuracy. [1] pointed out that unlike RSRP measurement, RSSI measurement does not need any channel estimation algorithm and it could be directly got by the measurement at UE receiver. So in order to progress the work for developing RSSI measurement accuracy requirements, RAN4 should first align the understandings on the ideal estimated RSSI to give a clear definition for the RSSI measurement accuracy. However afterwards no corresponding discussion continued on the understanding of RSSI accuracy at the time since the RSSI is not introduced as a measurement quantity.
We share the same view with [1], before we did research on average RSSI accuracy in LAA, what’s ideal RSSI from baseband perspective shall be defined firstly.

Proposal 5: In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly.
· Channel occupancy Percentage
It is agreed that UE shall report the percentage of time that RSSI was above a threshold in LAA. UE shall report the percentage during the RSSI measurement period. The reporting range of percentage could be defined from 1% to 99% with uniform quantization, and the quantization granularity is FFS. The channel occupancy percentage report mapping shall be defined in TS 36.133.

Proposal 6: The channel occupancy percentage report mapping shall be defined in TS 36.133.
3 Conclusion
This contribution provides the analysis on RRM measurement in LAA. The following proposals are proposed:
Proposal 1: The side condition for DRS measurements in LAA could reuse -6dB as SCE.
Observation1: When Rel-12 DRS is applied, the measurement accuracy could not be satisfied with 6RBs measurement bandwidth in one shot.

Observation 2: When 2 DRS symbols design is applied (4 OFDM symbols: CRS/SSS/PSS/CRS), the measurement accuracy could not be satisfied with 6RBs and 25RBs measurement bandwidth in one shot.
Proposal 2: In order to support that RSRP/RSRQ measurements are completed on a single DRS occasion, the potential options are: increasing measurement bandwidth or design DRS with dense density.

Proposal 3: Measurement observation window could be identical with measurement reporting period. 

Proposal 4: RSSI measurement timing configuration shall be compliable with gap configuration or be times of measurement gap.

Proposal 5: In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly.

Proposal 6: The channel occupancy percentage report mapping shall be defined in TS 36.133.
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5 Annex
Table 1: Simulation parameters for measurement in LAA
	Parameters
	Value
	Comments

	Measurement bandwidth
	6, 25,50,100 RBs
	RSRP measured over 6, 25,50,100 RBs

	System bandwidth
	100 resource blocks
	

	L1 measurement 
	a single DRS occasion
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

	Frequency band
	5GHz
	

	Ês/Iot
	-8, -6, -4, 0 dB
	To be varied


_1503906496.vsd
RSSI Observation window


2


3


6


5


7


8


1


4


Sample interval


Samples


threshold



_1504091253.vsd
Observation window


RSSI measurement timing


RSSI measurement timing


threshold


samples



