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1 Introduction

In RAN2#90 meeting, the RRM measurement for LAA was discussed and following agreements are derived[1]. 
	Agreements
RSSI:

4
For the purpose of detecting hidden node in channel selection UE reporting of RSSI measurements to the eNB is considered useful. 
The details of the RSSI measurement reporting should be discussed in stage-3. 

5
The eNB indicates which carriers(s) the UE should report RSSI for.

RSRP/RSRQ:

7
RAN2 assumes that the UE’s physical layer will only report valid RSRP/RSRQ measurement samples to RRC (i.e., L1 should not provide samples when DRS transmission was blocked by LBT). 




Although there was a consensus on introducing RSSI measurement for LAA, details on RSSI measurement and reporting was not discussed in last RAN2 meeting. In this contribution, based on above agreements, we discuss RSSI measurement related issues for LAA. 
2 Discussion
In last RAN2 meeting, it was agreed that RSSI measurement and reporting is used for hidden node detection for a UE in LAA. In addition to hidden node detection, RSSI measurement can be also utilized to get congestion degree of a channel, because RSSI is defined as a parameter that provides information about total received wide-band power including all interference and thermal noise. 

Observation 1: RSSI measurement and reporting can be used for hidden node detection as well as for estimation of congestion degree of a channel. 

Definition of RSSI in LAA
In E-UTRA, RSSI is defined as follows[2].

Due to the nature of operating frequency at 5GHz, however, LAA cell may need to coexist with devices with other RAT or LAA cells of other operators. In this situation, it may be impossible for UE to identify reference signal for RSSI measurement on the unlicensed frequency according to above definition. Therefore new RSSI definition is required in order to design RSSI measurement mechanism in LAA. Since RAN1 and RAN4 are usually responsible for defining of measurement parameters, the definition of RSSI for LAA should also be achieved by those WGs.  
Observation 2: New RSSI definition is needed for RSSI measurement design in LAA.
RSSI measurement mechanism
In this section, we propose three types of RSSI measurement mechanisms for channel selection in LAA. 
· Alt.1: average RSSI 
In alt.1, RSSI is measured by UE within observation time and average RSSI is reported to LAA eNB. It is difficult to estimate congestion degree of a channel via average RSSI due to absence of time occupancy information. This scheme may not be feasible for hidden node detection, since it may be observed different average RSSI between UE and LAA in most cases due to distinct path loss. Figure 1-(a) shows an example of RSSI measurement with alt.1.  In this example, reporting information is average RSSI between x and y.

· Alt.2: time ratio 
· Alt.2-1: time ratio above RSS threshold
In alt.2-1, UE measures time intervals where RSSI is greater than RSSI threshold within observation time and sums up the time intervals. The UE then obtains time ratio of duration exceeding RSSI threshold to overall observation time and reports the information to LAA eNB. In this scheme, RSSI threshold should be configured to decide whether a UE is interfered by other devices. Figure 1-(b) shows an example of RSSI measurement with alt.2-1. In this example, reporting information is ratio with high RSSI period, which is (b – a) / (y – x).
· Alt.2-2: time ratio above RSSI threshold and average RSSI 
Alt.2-2 is similar to the alt.2-1 except for reporting information. In alt.2-2, time ratio and average RSSI are reported to LAA eNB. The average RSSI is calculated with measurement samples where measured value is above RSSI threshold, which stands for magnitude of interference on a channel. Based on average RSSI reported by UE, LAA eNB could decide whether robust MCS is applied to the UE when the channel is selected or measured channel can be utilized as a LAA SCell for the UE. Figure 1-(b) shows an example of RSSI measurement with alt.2-2. In this example, reporting information are ratio with high RSSI period and average RSSI between a and b.

The alt.2 enables LAA eNB to estimate congestion degree by evaluation of ratio with high RSSI period on a channel. In addition, the time ratio can be used for hidden node detection through comparison between LAA eNB measurement and UE reporting. For instance, if UE reporting is higher than LAA eNB measurement for a measurement period, LAA eNB could estimate there may be hidden nodes nearby the UE. 
· Alt.3: RSSI over multiple sub-measurement period 
· Alt.3-1: RSSI with bitmap and average RSSI  
In alt.3-1, observation time is divided into multiple sub-measurement periods with same interval, and RSSI level of each sub-measurement period and average RSSI are measured. In this mechanism, measurement result is represented by bitmap and the average RSSI is calculated by RSSI samples where measured RSSI is higher than RSSI threshold. Each element of bitmap is denoted as either on or off. If RSSI level of a sub-measurement period is greater than RSSI threshold, ‘on’ would be set for the sub-measurement period; otherwise ‘off’ would be set. In this scheme, RSSI threshold should be configured since each element of bitmap is set by comparison between measurement and RSSI threshold. A length of bitmap depends on the number of sub-measurement periods within observation time. Figure 1-(c) shows an example of RSSI measurement with alt.3-1.  In this example, reporting information are bitmap value with ‘01000’ and average RSSI between a and b.
· Alt.3-2: RSSI with histogram
In alt.3-2, RSSI measurement is performed on the basis of sub-measurement period, similar to the alt.3-1. However alt.3-2 utilizes histogram as representation of measurement result. The histogram consists of a series of RSSI levels, which are corresponding to sub-measurement periods within observation time. For example, if there are four sub-measurement periods within an observation time, the histogram has four different measurement results. Based on histogram reported by UE, LAA eNB can be aware of RSSI of each sub-measurement period. In this scheme, there is no need to configure RSSI threshold for measurement, as LAA eNB can decide interference level of each sub-measurement period based on predefined threshold. Figure 1-(d) shows an example of RSSI measurement with alt.3-2. In this example, reporting information is RSSI list with ‘27334’.
Similar to the alt.2, alt.3 can be also used for congestion estimation and hidden node detection. But alt.3 is able to provide more detail information to LAA eNB with RSSI levels on multiple sub-measurement periods. With regard to detection probability of hidden nodes, the alt.3 is better than the alt.2 since RSSI level on each sub-measurement period would be provided.
Observation 3: Alt.1 is insufficient to estimate congestion degree of a channel and to detect hidden node nearby a UE due to absence of channel occupancy time in measurement report. 

Observation 4: Alt.2 or Alt.3 can be utilized for RSSI measurement mechanism for LAA since those mechanisms include information about channel utilization in time domain.
Proposal 1:  RAN2 is kindly asked to discuss alt.2 or alt.3 as baseline RSSI measurement mechanism for LAA. 
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(b) Alt.2
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(c) Alt.3-1
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(d) Alt.3-2


Figure 1. Examples of RSSI measurement mechanism
3 Conclusion
In this contribution, we discussed the RSSI measurement mechanism in terms of congestion estimation and hidden node detection for LAA. Based on the discussion, we have following observations and proposals.
Observation 1: RSSI measurement and reporting can be used for hidden node detection as well as for understanding congestion degree of a channel. 
Observation 2: New RSSI definition is needed for RSSI measurement design in LAA.
Observation 3: Alt.1 is insufficient to estimate congestion degree of a channel and to detect hidden node nearby a UE due to absence of channel occupancy time in measurement report. 

Observation 4: Alt.2 or Alt.3 can be utilized for RSSI measurement mechanism for LAA since those mechanisms include information about channel utilization in time domain.

Proposal 1:  RAN2 is kindly asked to discuss alt.2 or alt.3 as baseline RSSI measurement mechanism for LAA. 
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E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
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