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1 Introduction

In last RAN2#91 meeting, RRM measurement was discussed for LAA and following agreements are derived for RSSI measurement [1]. 
	Agreements
4
Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA



RSSI measurement is performed for the purpose of hidden node detection and load estimation for channel selection. But it is not clear whether above agreements are enough to detect hidden node in LAA. In this contribution, we discuss details on RSSI measurement for hidden node detection in LAA.

2 Discussion
Hidden node detection with RSSI
The purpose of RSSI measurement is to evaluate load on a carrier frequency and to detect hidden nodes near a UE[2]

 REF _Ref430700626 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref430700629 \r \h 
 \* MERGEFORMAT [5]. In last meeting, RAN2 decided that average RSSI and channel occupancy are reported to network as result of RSSI measurement. The average RSSI is mean signal strength measured from transmission of other devices per unit time, which can be used to estimate interference level. The channel occupancy is defined as percentage of time that RSSI is above a threshold, which can be used to identify whether a channel is busy or not. Based on above measurement results, it can be possible for an eNB to estimate load of a frequency for channel selection. 
Observation 1: Average RSSI and channel occupancy can be used for load estimation of a carrier frequency. 
In order to identify whether or not there is a hidden nodes around a UE, it is necessary for eNB to compare RSSI measurement result between UE and eNB. That is, for same measurement sample, if eNB has different RSSI measurement value from UE reporting, eNB is able to deduce that there may be hidden nodes near a UE. Even though, according to distance from interferer, different RSSI can be measured between eNB and UE, effectiveness of the measurement sample is decided by threshold. If eNB measurement is below the threshold and UE reporting is above the threshold, eNB would estimate that there might be hidden nodes near the UE. Otherwise, eNB would recognize the interference is occurred by exposed node. 
Figure 1 illustrates an example of RSSI measurement. In this example, there are 5 measurement samples over an observation window with 200ms. According to above comparison rules, we could know that UE was interfered by hidden nodes at t1 and there are signals from exposed nodes at t2, t3 and t4. In this example, average RSSI and channel occupancy are measured as 4.6 and 60%, respectively. However, this measurement is same as UE measurement. Therefore, eNB does not recognize being of hidden nodes of the UE, even though there is interference with UE at t1.  
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Figure 1. Examples of RSSI measurement
Above problem may be occurred when observation window for comparison is long. Legacy RRM framework basically assumes 200ms observation window for RSRP/RSRQ measurement. If same duration is applied to RSSI measurement and multiple measurement samples are included in the observation window, there might be cases where hidden nodes are not detected as shown above example. In order to solve this problem, RSSI measurement should be performed with more short time period. 
Observation 2: Average RSSI and channel occupancy is not sufficient for hidden node detection. To enhance of accuracy of hidden node detection, RSSI measurement should be performed with more short time period.
In order to enhance probability of hidden node detection, it is essentially required to introduce RSSI measurement with short measurement duration as following options.
· Option 1: Multiple measurement units within an observation window

In this option, an observation window consists of multiple measurement units with same period. Length of measurement unit may be 20ms, 40ms, 80ms, or maximum channel occupancy time, and each measurement unit may have a measurement sample. In this option, RSSI is measured per measurement unit.
· Option 2: Short observation window

In this option, short observation window is utilized for RSSI measurement and each observation window may have a measurement sample. In this option, observation window is less than 200ms(e.g. 20ms, 40ms, 80ms, or maximum channel occupancy time) and RSSI is measured per observation window.
As current RSRP/RSRQ measurement assumes 200ms measurement window, the option 1 seems to be aligned with legacy RRM framework. Therefore, we see that the option 1 is preferable than the option 2.
Proposal 1: For hidden node detection, observation window is divided into multiple measurement units. RSSI is measured at each measurement sample in measurement unit. 

Measurement Configuration
Configuration information

For precise comparison of RSSI measurement, it is essentially required for UE and eNB to share exact measurement timing, such like a DMTC in Rel-12.  Therefore, following parameters should be considered for RSSI measurement configuration, as illustrated in Figure 2. 
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Figure 2. Parameters for RSSI measurement
Proposal 2: For RSSI measurement configuration, following parameters should be included. 
· Size of observation window

· Measurement unit duration

· RSSI threshold

· Measurement reporting period, assuming periodic reporting

Measurement gap
In legacy LTE CA, only one measurement gap is configured for inter-frequency neighbor cell measurement.  Considering increasing of inter-frequency measurement in LAA, current measurement gap may be insufficient to guarantee RRM measurement performance. Therefore an enhancement of measurement gap could be considered as followings. 

· Option 1: Sharing with enhanced measurement gap

In this option, one measurement gap is configured for a UE and the measurement gap is shared with inter-frequency measurements for licensed and unlicensed frequencies. But this option allows for a UE to configure short measurement periodicity (e.g.20ms) to increase opportunities of inter-frequency measurements. 
· Option 2: Independent measurement gap for LAA
Basic assumption of this option is that UE is equipped with separate RF chain for LAA, since LAA cell operates on different frequency band from legacy LTE cell. When independent RF chain is configured for component carrier of LAA, independent measurement gap can be configured for inter-frequency measurements in LAA.
Compared to the option 2, the option 1 has less specification impact, but may take long measurement latency. In case of option 2, interruption to licensed cell could be avoided, because the measurement gap is only restricted to RF chain for LAA. However, with the option 2, there may be concerns on additional complexity and battery consumption of UE. If enhancement on measurement gap is decided, detail operation and parameters should be discussed in RAN4.
Proposal 3: RAN2 is requested to discuss whether an enhancement on measurement gap is needed or not. 
Number of thresholds for RSSI measurement
In WLAN specification[6], following CCA thresholds are specified for channel sensing. 
· Energy detection: -62dBm
· Carrier sensing (preamble detection): -82dBm
· Energy detection when channel bonding is used: -72dBm
Assuming similar mechanism is applied to LAA, it is possible to configure multiple CCA thresholds for LBT operation. This issue is currently under discussion in RAN1. Therefore, we should take into consideration on multiple CCA thresholds configuration according to the RAN1 decision.
Proposal 4: RAN2 should consider the case where multiple CCA thresholds are configured.

RSSI Measurement Reporting
Reporting mechanism 
In last RAN2 meeting, there was a discussion on bucket configuration for RSSI measurement[4]. Main issue of the discussion is about how many buckets should be configured to indicate interference level and the issue is related to reporting mechanism of measurement result. Following options could be considered for reporting mechanism.
· Option 1: Bitmap based reporting
The RSSI is measured at each measurement unit within observation window and each measurement result is represented by 1 bit indication. If the measured RSSI value is greater than or equal to the threshold, the measurement unit is set to ‘on’.  Otherwise the measurement unit is set to ‘off’. After a RSSI measurement for an observation window, measurement result is represented by a bitmap and the length of bitmap is same as the number of measurement units in observation window. In this case, interference level is reported by average RSSI exceeding threshold within an observation window. An eNB is able to judge existence of hidden nodes by comparing of bitmap by its measurement between bitmap reported by UE. This option can be applied to the case where two buckets are configured on the basis of one threshold.   
· Option 2: Histogram based reporting
Similar to the option 1, RSSI measurement is performed at measurement units. However this scheme utilizes histogram to indicate received interference level. The histogram can be represented as following two formats. The first approach is that each RSSI value for measurement unit is mapping to the predefined RSSI level. In this case, eNB and UE should share the mapping table for transformation from measured RSSI value to interference level. The second method is that offset is used to represent measurement result. In this case, the offset is denoted as a plus value only when measured RSSI is above or equal to the threshold. If measured RSSI is below the threshold, offset value is set to zero or minus value. 
In option 2, eNB can identify existence of hidden nodes by comparison with similar approach described in option 1 and can estimate interference level via RSSI level or offset. This option can be applied to the case where multiple buckets are configured to indicate interference degree. 
Proposal 5: RAN2 is requested to discuss which reporting mechanism is feasible for hidden node detection, based on above approaches.
Report triggering
During study item phase, RAN2 decided that RSRP and RSRQ are utilized for configuration or activation/ deactivation of LAA cell. Regarding RSRP/RSRQ measurement, we see that both periodic reporting and event-driven reporting should be supported, since these measurements have time critical information for serving cell configuration. On the contrary, since RSSI measurement is mainly used for configuration of candidate frequencies for carrier selection, timing requirement for measurement reporting is less strict than that of RSRP/RSRQ measurement. Therefore, we think that periodic reporting or one-shot reporting is sufficient for RSSI measurement for hidden node detection. 

Proposal 6: Periodic reporting or one-shot reporting is sufficient for RSSI measurement.
L3 filtering
L3 filtering smoothens the measurement samples received from physical layer by filtering out measurement errors and residual signal fluctuations. Since however hidden nodes can be detected by comparison of measurement samples at a time, there is no need to perform any smoothing operations. Therefore, we see that L3 filtering is not required for RSSI measurement in LAA.

Proposal 7: L3 filtering is not needed for hidden node detection with RSSI measurement.

3 Conclusion
In this contribution, we discussed details on RSSI measurement for hidden node detection in LAA. Based on the discussion, we have following observations and proposals.
Observation 1: Average RSSI and channel occupancy can be used for load estimation of a carrier frequency. 

Observation 2: Average RSSI and channel occupancy is not sufficient for hidden node detection. To enhance of accuracy of hidden node detection, RSSI measurement should be performed with more short time period.

Proposal 1: For hidden node detection, observation window is divided into multiple measurement units. RSSI is measured at each measurement sample in measurement unit. 

Proposal 2: For RSSI measurement configuration, following parameters should be included. 

· Size of observation window
· Measurement unit duration

· RSSI threshold

· Measurement reporting period, assuming periodic reporting

Proposal 3: RAN2 is requested to discuss whether an enhancement on measurement gap is needed or not. 

Proposal 4: RAN2 should consider the case where multiple CCA thresholds are configured.

Proposal 5: RAN2 is requested to discuss which reporting mechanism is feasible for hidden node detection, based on above approaches.

Proposal 6: Periodic reporting or one-shot reporting is sufficient for RSSI measurement.

Proposal 7: L3 filtering is not needed for hidden node detection with RSSI measurement.
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